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**  In  Kaflfraria  the  troops  were  so  placed  that  they  had  no  means  of  obtaining  liqnor  of 
any  kind  ;  and  all  attempts  of  the  '  Winklers'  to  infriiigo  the  police  regulations  were 
so  siiniHiarily  and  heavily  punished  by  fines  and  expulsion,  that  the  illicit  trade  was 
etfectually  suppressed  by  Colomd  Mackinmin,  the  Conimandaut  of  British  Kaifraria; 
and  the  consmuence  was,  that  drunkenness,  disease,  crime,  and  ins iibonli nation  wen 
unknown  ;  ami  yet  that  army  was  fretjuently  placed  in  the  very  position  that  the 
advocates  for  the  issue  of  spirits  would  have  said  required  a  dram. 

"Small  na  the  amount  of  sickness  and  mortality  was  in  the  Crimea  during  the  wintn 
1855-5(5,  they  would  have  bren  Reduced  one-half,  I  am  quite  sure,  could  tiie  rule  that 
was  observed  in  Kailirland  have  Inien  enforced  there." 

In  the  same  Katfir  war  (1852),  a  march  wa.s  made  by  200  men  from 
Graham's  Town  U)  JJloemfcmtein  and  back  ;  1000  miles  were  covered  in 
seventy -one  tlays,  or  at  the  rate  of  nearly  15  miles  daily;  the  men  won* 
almo.st  naked,  were  exposed  to  great  ^'a^iations  of  temperature  (exeossive  lieat 
during  day ;  while  at  night  water  froze  in  a  bell-tent  with  twenty-one  men 
sleeping  in  it),  and  got  as  rations  only  biscuit,  meat  H  ft>,  and  wliatgame 
they  could  kill.  For  drink  they  had  nothing  but  water.  Yet  this  rapid  and 
laborious  march  was  not  only  performed  easily,  but  the  men  were  "more 
healthy  than  they  liad  ever  been  before ;  and  after  the  first  few  days 
ceased  to  can^  alnrnt  spirits.  Xo  man  was  .sick  till  the  end  of  the  march, 
when  twr)  men  got  dysentery,  and  these  were  the  only  two  who  had  the 
chance  of  getting  any  liquor.'' 

In  th(;  last  New  Zr'aland  war,  l)r  Neill  found  that  the  troops  marched 
b(?ttcr,  even  when  exposed  to  wet  and  cold,  when  no  spirits  were  issued,  than 
when  tlien;  was  a  spirit  ration. 

In  the  exjHMlition  to  the  Red  River,  under  Sir  Garnet  (now  Viscount) 
Wolseley,  no  alcoholic  liquor  was  issued.  Two  accounts  of  this  remarkable 
march  have  Ikmmi  ])ul)lisluMl — one  l)y  the  late  Captain  Huyahe,^  and  the 
other  by  |in  oliicer  who  wrote  an  interesting  account  of  the  march  in  Black' 
woixVh  Maf/aziUf'.'-     ('aptain  Huyshe  sidd  : — 

"  Althong])  it  was  an  uulit-ard-of  thing  to  send  off  an  expedition  into  a  wildenieM  for 
five  months  without  any  spirits,  still  as  the  backwoodsman  was  able  to  do  hard  work 
without  spirits,  it  was  rightly  thou^dit  that  the  Hritish  soldiers  could  do  the  same.    Tbe 
mt-n  were  allowed  a  large  daily  ration  of  toa,  1  oz.  |)er  man — practically  as  much  as  thflrf 
could  drink  ;  iind,  as  1  am  now  on  this  subject  of  buhea  versu8  ^prog,  I  may  aa  well  Itais 
that  the  expel  imt-nt  wa^  most  succcs>ful.     Tlie  men  of  no  previous  expedition  baTS  Sfcr 
been  called  upon  to  perform  lianh-r  or  more  continuous  labour  for c^fTTmjr'mo'nt^^    , 
Tliey  woie  always  chociy,  and  worked  with  a  zeah)U8  will  that  ccald  not  bt?  ftiir[(a>«w«i- i 
This  cxptM]iti«)n'wouhl  Imvc  been  a  bright  era  in  our  military  atiiialH  hiul  it  uo  «th«fj 
result  than  tliat  of  prt>ving  the  fallacy  liiilierto  Indieved  in  of  the Jiedeasi ty  of  ptatiMsiB 
our  men  when  in  the  held  with  intoxicating  lit[uors."  jm 

Th(?  writer  in  lUarlnnKhVa  ^faf/azi'ne  siiys  : — 

'*The  men  wen  pictures  of  good  health  and  soldier-like  condition  wMlsrt  »tallq7i«d 
Prince  Artlmr's  Landing  an«l  the  other  larger  can)]>H.  The  men  hiid  fr«sli  iiioat^  bwed 
and  potatoes  every  day.  No  spirits  were  allowed  throughout  the  Joiuijcy  to  Foit  Gmffj 
but  all  ranks  had  daily  a  largo  ration  of  tea.  This  was  one  of  the  v«^ry  'few  military  cx 
jKjditions  ever  undertaken  by  English  troops  where  intoxicating  1  lienor*  formed  ii<»  f«H 
of  the  daily  ration.  It  was  an  ex]icriment  based  upon  the  practii-t*  comTnr.::  n-  <\\r>u^ 
where  the  lumbermen,  who  spend  the  whole  winter  in  the  back wocnk,  om|i  .    .      u  I 

hanlest  labour,  and  exposed  to  a  freezing  temperature,  arc  allowed  no  *pt!  :  <, 
an  unliriiiteil  quantity  i«f  lea.     Our  old-lasliioned  generals  accept,  without  any 
to  ([ucsiion  Its  truth,  the  traditional  theory  of  rum  being  essential  tu  ke«j> 
soldi«r  in  heiilih  and  Imniour.     Lt^t  us  lioue  that  the  experience  we  have  aei 
t)ie  He«l  Kivcr  expedition  may  have  buried  for  evt^r  this  old-fogyish  BUpere 
have  the  soldiers  of  any  nation  been  calh-d  upon  to  ])crforro  more  nnceav 
and  it  may  be  conlidently  asserted  without  dread  of  contradiction,  tbi 

\  Journal,  Cm'tei  iiieraire  Instituiivtij  1871   vol.  XV.  p.  7* 
-  January  1871,  ]>.  61. 


ifij|kfi4l@ 


MEffliiigsm. 


Gift  of 
Dr,Jo>>nH.  Mules 


A    MANUAL 


OP 


PRACTICAL    HYGIEJ^E 


\ 


A    MANUAL 


PRACTICAL   HYGIENE 


BY   THE   LATE 

EDMUND  A.  PARKES,  M.D,  F.RS. 

PROFESSOK  OF  MILITARY   HYGIENE  IN  THE  ARMY  MEDICAL  SCHOOL 


EIGHTH    EDITION 


EDITED   BY 

J.  LANE  NOTTER,  M.A.,  M.D. 

FELLOW  OF  THE  CHEMICAL  80CIETT ;    FELLOW  OF  THE  SANITARY  INSTITUTE  OF  GREAT  BRITAIN  ; 

MEMBER  OF  COUNCIL  OF  THK  COLLEGE  OF  STATE  MEDICINE  ;  PROFESSOR  OF  MIUTART 

HYGIENE  AT  THE  ARMY  MEDICAL  SCHOOL,  NETLEY 


LONDON 

&    A.     CHURCHILL 

11  NEW  BURLINGTON  STREET 


1891 


> 


PREFACE  TO  THE  EIGHTH  EDITION. 


Since  Dr  Parkes'  death  in  1876,  thi-ee  editions  of  the  Manual  of 
Hygiene  have  been  edited  by  the  late  Professor  de  Chaumont. 
Much  new  matter  was  introduced  and  considerable  alterations  made 
during  this  period.  When  Dr  de  Chaumont  died  in  1888,  he  left  no 
notes  or  papers  indicating  that  he  contemplated  any  change  in  the 
general  plan  of  the  Manual ;  I  have  therefore  adhered  to  the  same 
arrangement  which  has  appeared  to  meet  all  the  requirements  of 
students  in  Sanitary  Science.  While  the  scope  of  the  work  remains 
unchanged,  every  chapter  has  undergone  careful  revision,  and  as  far 
as  possible  been  brought  up  to  date ;  indeed,  there  is  scarcely  a  page 
in  which  additions  or  alterations  do  not  occur.  By  the  exercise  of 
careful  compression  and  the  omission  of  some  obsolete  matter,  the 
bulk  of  the  work  has  only  been  increased  by  a  few  pages. 

I  have  to  thank  Mrs  Bruce  for  the  drawings  illustrating  the 
characters  of  Starches  and  Bacteria. 

I  take  this  opportunity  of  acknowledging  the  assistance  I  have 
received  from  my  friend  and  colleague,  Surgeon  A.  M.  Davies, 
Assistant  Professor  of  Military  Hygiene,  who  has  kindly  given  me 
material  help  in  this  revision,  and  for  whose  advice  and  valuable 
suggestions  I  beg  to  tender  my  best  thanks. 

J.  LANE  NOTTER. 


Leigh  Grange, 

woolstone,  southami'ton, 

Jidtj  1891. 
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INTRODUCTION. 


Hygiene  is  the  art  of  preserving  health ;  that  is,  of  obtaining  the  most 
perfect  action  of  body  and  mind  during  as  long  a  period  as  is  consistent 
with  the  laws  of  life.  In  other  words,  it  aims  at  rendering  growth  more 
perfect,  decay  less  rapid,  life  more  vigorous,  death  more  remote. 

This  art  has  been  practised  from  the  earliest  times.  Before  Hippocrates 
there  were  treatises  on  hygiene,  which  that  great  master  evidently  embodied 
in  his  imcomparable  Avorks.  It  was  then  based  on  what  we  should  now  call 
empirical  rules,  viz.,  simply  on  observations  of  what  seemed  good  or  bad 
for  health.  Very  early,  indeed,  the  effects  of  diet  and  of  exercise  were 
carefully  noticed,  and  were  considered  the  basis  of  hygiene.^  Hippocrates, 
indeed,  appears  to  have  had  a  clear  conception  of  the  relation  between  the 
amount  of  food  taken  and  of  the  mechanical  energy  produced  by  it;  at 
least,  he  is  extremely  careful  in  pointing  out  that  there  must  be  an  exact 
balance  between  food  and  exercise,  and  that  disease  results  from  excess 
either  way. 

The  effects  on  health  of  different  kinds  of  air,  of  water,  and  to  some  extent 
of  soils,  were  also  considered  at  a  very  early  date,  though  naturally  the 
ignorance  of  chemistry  prevented  any  great  advance  in  this  direction. 
Hippocrates  summed  up  the  existing  knowledge  of  his  time  in  the  six 
articles,  which  in  after-days  received  the  absurd  name  of  the  "  Non- 
naturals."  ^  The  six  articles,  whose  regulation  was  considered  indispensably 
necessary  to  the  life  of  man,  were — air,  aliment,  exercise  and  rest,  sleep,  and 
wakefulness,  repletion  and  evacuation,  the  jiassions  and  affections  of  the 
mind. 

With  the  exception  of  the  attempts  of  the  alchemists,  and  of  the  chemi- 
cal physicians,  to   discover  some  agent  or  drug  which  might  increase  or 

1  Herodicus,  one  of  the  preceptors  of  Hippocrates,  was  tlie  first  to  introduce  medicinal 
gy^nnastics  for  the  improvement  of  health  and  the  cure  of  disease ;  tliough  gymnastics  in 
training  for  war  had  l)een  used  long  before.  Plutarch  says  of  him  that,  labouring  under  a 
tlecay  which  he  knew  could  not  he  jwrfectly  cured,  he  was  the  first  who  blended  the 
gymnastic  art  with  physic,  in  such  a  manner  as  protected  to  old  age  his  own  life  and  the 
lives  of  others  afflicted  witii  the  same  disease.  He  was  censured  by  Plato  for  keeping  alive 
persons  with  crazy  constitutions. — Mackenzie  on  Health, 

3  This  title  originated  in  a  sentence  of  Galen,  and  was  introduced  into  use  by  the  jargon  of 
the  Peripatetic  school.  It  was  employed  in  all  treatises  on  hygiene  for  probably  nearly  1500 
years. 
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stationary;  of  decay,  when,  wiihout  actual  disease,  though,  doubtless  in 
consequence  of  some  chemical  changes,  molecular  feebleness  and  death 
commence  in  some  part  or  other,  forerunning  general  decay  and  death. 

In  these  several  epochs  of  his  life,  the  human  being  would  have  to  be 
considered — 

Ist,  In  relation  to  the  natural  conditions  which  surround  him,  and  which 
are  essential  for  life,  such  as  the  air  he  breathes ;  the  water  he  drinks ;  his 
food,  the  source  of  all  bodily  and  mental  acts ;  the  soil  which  he  moves  on, 
anvl  the  sun  which  warms  and  lights  him,  &c. ;  in  fact,  in  relation  to  nature 
at  large. 

2ndj  In  his  social  and  corporate  relations,  as  a  member  of  a  community 
with  certain  customs,  trades,  conditions  of  dwellings,  clothing,  &c. ;  sub- 
jected to  social  and  ix)litical  influences,  sexual  relations,  i^'c. 

3?v7,  In  his  capacity  as  an  independent  being,  having  witliin  himself 
sources  of  action,  in  thoughts,  feelings,  desires,  personal  habits,  all  of  which 
affect  health,  and  which  require  self-regulation  and  control. 

Even  now,  incomplete  as  hygiene  necessarily  is,  such  a  work  would,  if 
followed,  ahuost  change  the  face  of  the  workL     But  would  it  be  followed  ? 

In  some  cases  the  rules  of  hygiene  could  not  be  followed,  however  much 
the  individual  might  desire  to  do  so.  For  example,  pure  air  is  a  necessity 
for  health  ;  but  an  individual  may  have  little  control  over  the  air  which 
surrounds  hira,  and  which  he  must  draw  into  his  lungs.  He  may  l)e  power- 
less to  prevent  other  persons  from  contaminating  his  air,  and  thereby 
striking  at  the  very  foundation  of  his  health  and  happiness.  Hero,  as  in 
s<^  many  other  cases  which  demand  regulation  of  the  conduct  of  the  indi- 
viduals toward  each  other,  the  State  steps  in  for  the  protection  of  its 
citizens,  and  enacts  ndes  which  shall  be  binding  upon  alL  Hence  arises 
what  is  now  termed  "  State  Medicine,"  a  tter  of  the  greatest  importance. 
The  fact  of  "  State  Meilicine "  being  possible  marks  an  epoch  in  which 
some  sanitary  rules  receive  a  general  consent,  and  indicates  an  advancing 
civilisation.  Fear  has  been  expressed  lest  State  Metlicine  should  press  too 
much  on  the  individual,  and  should  lessen  too  much  the  freedom  of  per- 
sonal action.  This,  however,  is  not  likely,  as  long  as  the  State  acts 
cautiously,  and  only  on  well-assiured  scientific  grounds,  and  as  long  as  an 
unshackled  Press  discusses  with  froeilom  every  step.^ 

1  A  watchful  care  over  the  health  of  the  iKK)ple,  and  a  due  regulation  of  matters  which  con- 
cern their  health,  is  certainly  one  of  the  most  imix>rtant  functions  of  Government.  The  fact 
that,  in  modem  times,  the  subject  of  hygiene  generally,  and  State  Medicine  in  tMurticular,  has 
commenced  to  attract  so  much  the  ^mblic  attention,  is  undoubtedly  owing  to  tne  application 
of  statistics  to  public  health.  It  is  impossible  for  any  nation,  or  for  any  Govemment,  to 
remain  indifferent  when,  it  figures  which  admit  of  no  denial,  the  national  amount  of  health 
and  happiness,  or  disease  and  suffering,  is  determined.  The  early  Statistical  RejMrts  of  the 
Army  by  Tulloch,  Marshall,  and  Balfour  directe<l  attention  to  the  importance  of  this  matter. 
The  establishment  of  the  Registrar-General's  office  in  1888,  and  the  commencement  of  the 
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There  are,  however,  some  cases  in  which  the  State  cannot  easily  interfere, 
though  the  individual  may  be  placed  under  unfavourable  hygienic  conditions 
by  the  action  of  others.  For  example,  in  many  trades,  the  employed  are 
subjected  to  danger  from  the  carelessness,  or  avarice,  or  ignorance  of  the 
employers.  Every  year  the  State  is,  however,  very  properly  more  and  more 
interposing  and  shielding  the  workman  against  the  dangers  which  an 
ignorant  or  careless  master  brings  on  him. 

But  in  other  cases  the  State  can  hardly  interpose  with  effect ;  and  the 
growth  of  sanitary  knowledge  and  the  pressure  of  public  opinion  alone  can 
work  a  cure,  as,  for  example,  in  the  case  of  the  dwellings  of  our  poorer  classes. 
In  many  parts  of  the  country  the  cottages  are  unfit  for  human  beings ;  in 
many  of  our  towns  the  cupidity  of  builders  runs  up  houses  of  the  most 
miserable  structure,  for  which  there  is  unhappily  no  lack  of  applicants ;  or 
masters  oblige  their  men  to  work  in  rooms  or  to  follow  plans  which  are 
most  detrimental  to  health. 

But  even  in  such  cases  it  will  be  always  found  that  self-interest  would 
really  indicate  that  the  best  course  is  that  we  should  do  for  our  neighbours 
as  for  ourselves.  Analyse  also  the  effect  of  such  selfishness  and  carelessness 
as  has  been  referred  to  on  the  nation  at  large,  and  we  shall  find  that  the 
partial  gain  to  the  individual  is  far  more  than  counterbalanced  by  the  injury 
to  the  State,  by  the  discontent,  recklessness,  and  indifference  produced  in 
the  persons  who  suffer,  which  may  have  a  disastrous  national  result.  It 
is  but  too  commonly  forgotten  that  the  whole  nation  is  interested  in  the 
proper  treatment  of  every  one  of  its  members,  and  in  its  own  interest  has  a 
right  to  see  that  the  relations  between  individuals  are  not  such  as  in  any 
way  to  injure  the  well-being  of  the  community  at  large. 

In  many  cases,  again,  the  employer  of  labour  finds  that  by  proper  sanitary 
care  of  his  men,  he  reaps  at  once  an  advantage  in  better  and  more  zealous 


system  of  accurately  recording  births  and  deaths,  wiU  hereafter  be  found  to  be,  as  far  as  the 
happiness  of  the  people  is  concerned,  one  of  the  most  important  events  of  our  time.  We  owe 
a  nation's  latitude  especially  to  him  to  whose  sagacity  the  chief  fruits  of  the  inquiry  are 
due,  to  WiUiam  Farr. 

Another  action  of  the  Oovemment  in  our  day  was  scarcely  less  iinportant.  It  is  impossible 
to  overrate  the  value  of  the  Government  Inquiry  into  the  Health  of  Towns,  and  of  the  country 
ffenerally,  which  was  commenced  forty  years  affo  by  Edwin  Chadwick,  Southwood  Smith, 
Neil  Amott,  Sutherland,  Guy,  Toynbee,  and  otners,  and  has,  in  fact,  been  continued  ever 
since  by  the  ofiScial  successors  of  these  pioneers,  the  former  medical  officer  to  the  Privy 
Council,  Sir  J.  Simon,  the  late  Dr  Seaton,  and  the  present  medical  officer  of  the  Local  Govern- 
ment Board,  Dr  Buchanan.  Ck)nsequent  on  this  movement  came  the  appointment  of  medical 
officers  of  health  to  the  different  towns  and  parishes.  The  reports  published  by  many  of 
these  gentlemen  have  greatly  advanced  the  subject,  and  have  done  much  to  diffuse  a  know* 
ledge  of  hygiene  amon^  the  people,  and  at  the  same  time  to  extend  and  render  precise  our 
knowledge  of  the  conditions  of  national  health.  When  the  effect  of  all  these  researches  and 
measures  develops  itself^  it  wiU  be  seen  that  even  great  wars  and  political  earthquakes  are 
really  nothing  in  comparison  with  these  silent  social  changes.  Even  now,  legislation,  such 
as  the  Public  Health  Act,  1875,  and  the  various  measures  since  passed,  is  beginning  to  exert 
a  deep  influence.  Legislation,  and  action  based  on  legislation,  can  only  proceed  slowly,  and 
we  must  be  satisfied  if  there  be  a  continual  advance,  though  it  may  not  be  so  rapid  as  some 
desire. 
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work,  in  fewer  interruptions  from  ill  health,  &c,  so  that  his  apparent  outlay 
is  more  than  compensated. 

This  is  shown  in  the  strongest  light  by  the  army.  The  State  employs  a 
large  number  of  men,  whom  it  places  under  its  own  social  and  sanitary  con- 
ditions. It  removes  from  them  much  of  the  self-control  with  regard  to 
hygienic  rules  which  other  men  possess,  and  is  therefore  bound  by  every 
principle  of  honest  and  fair  contract  to  see  that  these  men  are  in  no  way 
injured  by  its  system.  But  more  than  this :  it  is  as  much  bound  by  its 
self-interest  It  has  been  proved  over  and  over  again  that  nothing  is  so 
costly  in  all  ways  as  disease,  and  that  nothing  is  so  remunerative  as  the 
outlay  which  augments  health,  and  in  doing  so  augments  the  amount  and 
value  of  the  work  done. 

It  was  the  moral  argument  as  well  as  the  financial  one  which  led  Lord 
Herbert  to  devote  his  life  to  the  task  of  doing  justice  to  the  soldier,  of 
increasing  the  amount  of  his  health,  and  moral  and  mental  training,  and, 
in  80  doing,  of  augmenting  not  only  his  happiness,  but  the  value  of  hia 
Kcrviccs  to  the  country. 


BOOK   I. 


CHAPTER  I. 
SOILS. 

The  term  soil  is  used  here  in  a  large  sense,  to  express  all  the  portion  of  the 
crust  of  the  earth  which  by  any  property  or  condition  can  affect  health. 
The  subdivision  into  surface  soil  and  subsoil  is  often  very  useful ;  and  these 
terms  need  no  definition. 

SECTION  I. 
CONDITIONS  OF  SOIL  AFFECTING  HEALTH. 

Soil  consists  of  mineral,  vegetable,  and  often  animal  substances,  in  the 
interstices  of  which  are  also  air  and  often  water. 

In  reviewing  the  conditions  which  aflfect  health,  it  will  be  convenient  to 
commence  with  the  air  and  the  water  in  soils. 

Sub-Sbction  I. — ^Thb  Air  in  the  Soil. 

The  hardest  rocks  alone  are  perfectly  free  from  air ;  the  greater  number 
even  of  dense  rocks,  and  all  the  softer  rocks,  and  the  loose  soils  covering 
them,  contain  air.  The  amount  is  in  loose  sands  often  40  or  50  per  cent. ; 
in  soft  sandstones,  20  to  40  per  cent.  The  loose  soil  turned  up  in  agricul- 
tural operations  may  contain  as  much  as  2  to  10  times  its  own  volume  of  air. 

The  nature  of  the  air  in  soils  has  been  examined  by  a  good  many 
observers;  it  is  mostly  very  rich  in  carbon  dioxide,  is  very  moist,  and 
probably  contains  effluvia  and  organic  substances,  derived  from  the  animal 
or  vegetable  constituents,  which  have  not  yet  been  properly  examined. 
Occasionally  it  contains  carburetted  hydrogen,  and  in  moist  soils,  when  the 
water  contains  sulphates,  a  little  hydrogen  sulphide  may  be  found.  It  has 
been  examined  by  Nichols  ^  in  America,  Fleck  ^  in  Dresden,  Fodor  ^  in  Buda- 
Pcsth,  Lewis  and  Cunningham  *  in  Calcutta,  and  many  others.  Nichols 
made  his  experiments  in  the  Back-Bay  lands  of  Boston,  Massachusetts, — land 
made  by  throwing  gravel  upon  sea  mud.     His  first  series  of  experiments 

1  Sixth  Report  of  Board  of  Health,  Massachusetts,  1875. 

3  4*«'  and  6*«'  JahrejtbericJu  der  chemiachen  Centralstelle,  DresdeiL  1876. 

»  Deutsche  Vierteljahrschrifi  fur  dfentliche  Oesundheit.,  Band  vii.  p.  206,  1876;  also 
Hygienische  Vntersuchungen  uAer  Lufty  Boden,  und  Waeser,  von  Dr  Josef  Fodor,  Braun- 
schweig, 1882. 

*  Lewis,  Physiological  and  Pathological  Researches,  1888. 
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was  upon  air  drawn  from  depths  of  3|  to  5J  feet  There  was  no  hydrogen 
sulphide,  and  only  a  little  ammonia ;  the  CO^  was  from  1'49  to  2*26  volumes 
per  1000,  and  varied  inversely  as  the  height  of  the  ground  water,  which  was 
very  near  the  surface.  This  relation,  however,  was  not  constant  at  a  depth 
of  6  to  10  feet.  Fleck  found  at  2  metres  the  CO^  29-9  per  1000,  and  the 
oxygen  1633;  at  6  metres  the  CO^  79*6,  and  the  oxygen  148-5.  Fodor 
found  (out  of  13  observations)  at  1  metre  from  8*99  to  10*39  of  COg,  and 
oxygen  from  187*97  to  213*35;  at  4  metres  (11  observations)  from  26*31 
to  64*45  CO2,  and  oxygen  from  179*06  to  185*32.  The  great  amount  of 
CO2  points  to  very  intense  chemical  changes  in  the  ground,  especially  in 
the  deep  strata,  but  at  the  same  time  it  may  be  very  variable  in  different 
places.  The  amount  of  oxygen  was  in  a  measure  inversely  as  the  COj. 
At  a  depth  of  4  metres  (13  feet)  the  air  would  be  irrespirable,  and  woidd 
extinguish  a  light  (How  many  cellars  go  as  deep  as  13  feet  into  the 
ground,  and  the  cellar  air  feeds  the  house  with  air  !)  From  the  examina- 
^  tion  of  the  organic  matter,  he  comes  to  the  conclusion  that  it  is  not 
necessarily  its  oxidation  on  the  spot  that  produces  the  COj,  and  that 
therefore  the  latter  cannot  be  taken,  except  under  certain  conditions,  as  a 
measure  of  impurity,  depending  as  it  does  to  a  large  extent  upon  the  perTne- 
}  ability  of  the  soil.  He  found  no  hydrogen  sulphide,  but  a  good  deal  of 
( nitric  acid  and  ammonia,  the  relative  quantities  depending  upon  free  access 
[  of  air  or  otherwise.  As  regards  moisture,  the  mean  percentage  of  humidity 
was  80*7  at  2  metres  and  93*8  at  4.  Lewis  and  Cunningham,  in  their 
observations  at  Calcutta,  found  results  somewhat  similar  to  those  of  Fodor, 
the  CO2  being  greatest  in  the  lower  strata  examined.  They  considered  that 
the  fluctuation  in  the  amount  of  COg  must  be  due  to  one  or  other  of  two 
causes:  (1)  variation  in  amount  produced;  (2)  variation  in  amount 
accimiulated,  which  would  depend  on  the  amount  of  soil-ventilation;  and  that 
this  latter  cause  was  the  most  operative  in  Calcutta.  The  CO.,  increased  with 
the  rainfall,  the  effect  of  the  rain  being  to  close  the  pores  in  the  upper  layers 
of  the  soil  and  so  retain  the  COg.  Soil  temperature  they  did  not  consider 
to  have  any  effect.  The  composition  of  soil  air  differs  at  different  times  and 
seasons,  the  absolute  and  relative  amounts  of  the  constituents  varying  under 
varying  conditions. 

Professor  Wollny^  shows  that  the  amount  of  COg  depends  upon  the 
factors  of  the  decomposition  of  organic  matter  (heat,  moisture,  and  porosity) 
as  affected  by  the  physical  nature  of  the  ground  and  its  covering,  and  on  the 
physical  resistance  that  the  ground  presents  to  its  escape.  The  COg  is  at 
its  maximum  when  the  slopes  are  at  20*,  and  southern  have  more  than 
northern,  though  the  difference  is  not  great,  heat  and  moisture  counter- 
acting each  other.  In  drought  northern  slopes  have  most  COg.  With  equal 
quantities  of  organic  matter  there  is  more  COg  the  more  granular  the  soil, 
and  such  soil  prevents  the  passage  of  COg  downwards  as  well  as  upwards. 
The  air  in  ground  shaded  by  living  plants  has  considerably  less  COg  than 
that  in  bare  ground,  and  in  the  latter  it  has  less  (in  dry  years,  not  in  wet)  than 
in  ground  covered  by  dead  parts  of  plants.  R  H.  Firth  at  Mian  Mir^  made 
observations  (1885)  according  with  those  of  previous  inquirers,  but  considers 
that  a  minimum  diurnal  variation  in  soil  temperature,  together  with  an  actual 
.  maximum  and  increased  moisture,  are  the  real  factors  in  increasing  COg. 
/  TIte  amount  of  air  in  soils  can  be  roughly  estimated,  in  the  case  of  rather 
loose  rocks,  by  seeing  how  much  water  a  given  bulk  ^vill  absorb,  which  can 

1  Nature,  Jan.  6,  1887,  p.  280  (from  Natur/oracKer}. 
«  A.  M.  D,  ReporU,  1886,  p.  862. 
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be  done  by  the  following  plan  : — ^Weigh  a  piece  of  dry  rock,  and  call  its 
weight  W  :  then  weigh  it  in  water  and  call  this  weight*  W^ :  then  take  it 
out  of  the  water  saturated  with  moisture,  and  weigh  it  again :  call  this 
weight  Wy     We  then  have  — 

yf__}f^      -percentagftofair. 

Example. — A  piece  of  dry  rock  weighs  100  grammes  (W) :  when  weighed  ' 
in  water  it  weighs   60   (Wj) ;  weighed  out  of  water,   but  saturated,  it 

weighs  110  (Wg):  then  Tr|7rr~fin  ™  in  ~  ^^^»  ^^^  ^^®  multiplied  by  100 

gives  25  per  cent,  of  porosity. 

When  the  soil  is  loose,  Pettenkofer  adopts  the  following  plan : — ^Dry  the 
loose  soil  at  212**  Fahr.  (100**  Cent),  and  powder  it,  but  without  crushing 
it  very  much ;  put  it  into  a  burette,  and  tap  it  so  as  to  expel  the  air  from 
the  interstices  as  far  as  possible ;  connect  another  burette  by  means  of  an 
elastic  tube  with  the  bottom  of  the  first  burette  and  clamp  it  on  close  to 
the  end  of  the  latter ;  pour  water  into  Ko.  2  burette,  and  then,  by  pressing 
the  clamp,  allow  the  water  to  rise  through  the  soil  until  a  thin  layer  of 
water  is  seen  above  it ;  then  read  off  the  amount  of  water  used  out  of  the 
second  burette.     The  calculation — 

Amount  of  water  used  x  100  «   . 

Cubic  centimetres  of  dry -soil "  ^       ^^ 

Example, — 30  c.c.  of  soil  were  put  in  the  burette :  it  took  10  c.c.  of 

10x1 00 
water  to  reach  to  the  top  :  then  — wr —  =  33-3  per  cent,  of  porosity. 

Renk's  plan  is  very  simple.  Take  a  measured  quantity  of  soil,  say  50 
c.c,  shaken  well  together,  so  as  to  represent  its  natural  condition  as  much  i 
as  possible,  and  put  it  into  a  200  c.c.  graduated  glass  measure :  then  pour  ' 
in  100  c.c.  of  water,  and  shake  well  so  as  to  expel  all  air.  Allow  it  to  j  l>--u 
stand  a  litt\e,  and  read  off  the  point  at  which  the  water  stands.  Suppose  /  P-^J 
it  stands  at  125  cc,  then  the  50  c.c.  of  soil  and  the  100  c.c.  of  water, 
when  shaken  together,  only  occupy  a  space  of  125  cc,  the  difference, 
25  c^c,  representing  the  bulk  of  air  displaced  from  the  50  c.c.  of  soil : 

25 

therefore  ^^  x  100  =  50  per  cent,  of  air  or  porosity  in  the  sample  of  soil. 

The  subterranean  atmosphere  thus  existing  in  many  loose  soils  and  rocks 
is  in  continual  movement,  especially  when  the  soils  are  dry;  the  chief 
causes  of  movement  are  the  diurnal  changes  of  heat  in  the  soil,  and  the  fall 
of  rain,  which  must  rapidly  displace  the  air  from  the  superficial  layers,  and, 
at  a  later  date,  by  raising  the  level  of  the  ground  water,  will  slowly  throw 
out  large  quantities  of  air  from  the  soil.  Fodor  considers  the  temperature 
of  the  air,  the  ground  temperature,  the  action  of  the  winds,  rainfall,  barometiic 
pressure,  and  level  of  ground  water  to  be  all  influential  in  causing  movement 
of  the  ground  air,  and  consequent  relative  change  in  its  constituents. 

Local  conditions  must  also  influence  the  movement ;  a  house  artificially 
warmed  must  be  continually  fed  with  air  from  the  ground  below,  and  doubt- 
less this  air  may  be  drawn  from  great  depths.  Coal  gas  escaping  from  pipes, 
and  prevented  from  exuding  by  frozen  earth  on  the  surface,  has  been  known 
to  pass  sideways  for  some  distance  into  houses.^  The  air  of  cesspools  and  of 
porous  or  broken  drains  will  thus  pass  into  houses,  and  the  examination  of 
drains  alone  often  fails  to  detect  the  cause  of  effluvia  in  the  house. 
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The  unhealthincss  of  houses  built  on  "  made  soils,"  for  some  time  after  the 
soils  are  laid  down,  is  no  doubt  to  be  attributed  to  the  constant  ascent  of 
impure  air  from  the  impure  soil  into  the  warm  houses  above. 

To  hinder  the  ascent  of  air  from  below  into  a  house  is  therefore  a  sanitarj 
point  of  importance,  and  should  be  accomplished  by  paving  and  concreting, 
or  asphalting  the  basement,  or,  in  some  cases,  by  raising  the  house  on  arches 
off  the  ground.  The  improvement  of  the  health  of  towns,  after  they  are 
well  paved,  may  be  partly  owing  to  lessening  of  effluvia,  though  partly  also 
to  the  greater  ease  of  removing  surface  impurities.  In  some  malarious 
districts  great  benefit  has  been  obtained  by  covering  the  ground  with  grass;, 
and  thus  hindering  the  ascent  of  the  miasm. 

As  a  rule,  it  is  considered  that  loose  porous  soils  are  healthy,  because 
they  are  dry,  and,  with  the  qualification  that   the  soil  shall  not  furnish 
noxious  effluvia  from  animal  or  vegetable  impregnation,  the  rule  appears  to 
be  correct.     It  is,  however,  undoubted  that  dry  and  apparently  tolerably 
pure  soils  are  sometimes  malarious,  and  this  arises  either  from  the  soils 
being  really  impure,  or  from  their  porosity  allowing  the  transference  of  air 
from  considerable  distances.     P^ven  on  the  purest  soils  it  is  desirable  to 
observe  the  rule  of  cutting  off  the  subsoil  air  from  ascent  into  houses. 
Tlie  diseases  which  have  been  attributed  to  telluric  effluvia  are- 
Paroxysmal  fevers.  Cholera. 
Enteric  fever.                                            Dysentery. 
Yellow  fever.                                            Diphtheria. 
Epidemic  diarrhoea.                   | 

The  (questions  connected  with  these  effluvia  will  be  noticed  farther  on. 


Sub-Section  II. — Thb  Water  in  the  Soil. 

The  water  present  in  soils  is  divided  into  moisture  and  ground  water. 
When  air  as  well  as  water  is  present  in  the  interstices  the  soil  is  merely 
moist.  The  ground  water  must  be  defined,  with  Pettenkofer,  as  that 
condition  in  which  all  the  interstices  are  filled  with  water,  so  that^  except 
in  so  far  as  its  particles  are  separated  by  solid  portions  of  soil,  there  is  a 
continuity  of  water.  Other  definitions  of  ground  water  have  been  given, 
but  it  is  in  this  sense  it  is  spoken  of  here. 

MoUture  of  Soil. — The  amount  of  moisture  depends  on  the  power  of 
the  soil  to  absorb  and  retain  water,  and  on  the  supply  of  water  to  the  soil 
either  from  rain  or  ground  water.  With  respect  to  the  first  point,  almost 
all  soils  will  take  up  >vatcr.  Pfaff  ^  has  shown  that  dried  quartz  sand  in  a 
filter  can  take  up  as  much  as  20  per  cent,  of  water,  and,  though  in  the 
natural  condition  in  the  soil  the  absorption  would  not  be  so  great,  there 
is  no  doubt  that  even  the  hardest  sands  retain  much  moisture.  After 
several  months  of  long-continued  drought,  Mr  Church  found  a  light 
calcareous  clay  loam  subsoil  to  contain  from  19  to  28  per  cent,  of  water. 

A  loose  sand  may  hold  2  gallons  of  water  in  a  cubic  foot,  and  ordinary 
sandstone  may  hold  1  gallon.  Chalk  takes  13  to  17  per  cent.  ;  clay,  if 
not  very  dense,  20 ;  humus,  as  much  as  40  to  60,  and  retains  it  strongly. 
The  so-called  "  cotton-soil "  of  Central  India,  which  is  derived  from  trap 
rock,  absorbs  and  retains  water  with  great  tenacity ;  the  driest  granite  and 
marbles  will  contain  from  "4  to  4  per  cent  of  water,  or  from  5  to  50  pints 
in  each  cubic  yard. 


1  Zeitach,  f^r  Biologie,  Band  W.  p.  249. 
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-i^^The  moisture  in  tljt^  soil  is  (ierived  partly  from  rain,  to  wliieh  no  »oil  is 
TOBolutely  impirmtnible^  as   even  granite^  clay  slate,   and    liAiil  limestone 
may  absorb  a  little.     PracticdJy,  however,  soils  may  he  divided  into  the 
im|»ermeable  (mnveiithered  granite^  trap  and  nieUitnurphic  rocks,  clay  slate, 
dens«  clays,  hard  ooMte^  hard  limes ti:»ne  and  doktniite,  &c.)  and  permeable 
(chalk,  sand,  sandstone,  vegetable  soils,  &c.).     The  amoimt  of  rain  passing 
into    the    soil    is    influenced,    however,    by   other    circumstances — by    the 
declivity  and  inclination  of  the  soil  ;  hj  the  amount  of  evajKiratinn,  which 
is  increased  in  summm* ;  by  hot  w4nds  ;  an*!  by  the  rapitlity  nf  the  fall  of 
rain,  wliich  may  be  greater  than  the  soil  can  aljsorb.     On  an  average^  in ) 
this  country,  about  2b  per  cent  of  the  rain  penetrates  into  the  siind  rock,  f 
42  per  cent,  int<:»  the  chalk,  and  from   90  to  96  per  cent,   into  the  loos*^  I   J 
sands.     The  rest  evaporates  i>r  runs  ««ff  the  surface  by  the  lines  of  natural  \  1 
dmina^e.      The   rapitlity  with  wdiich    the  rain  wat^r   sinks  throu^'h  soil 
evidently  varies  with  circumstances  ;  in  the  rather  dense  chalks  it  lias  been 
fiupi>osed  Uj  move  3  feet  downwards  every  year,  but  in  the  sand  its  move- 
ment nmst  he  mucli  i|uicker. 

The  moisture  of  the  soil  is  not,  however,  derived  solely  from  the  rain  ; 
the  ground  water  by  its  own  movement  of  rising  and  falling,  b}^  evaporar 
tioii  from  the  surface  of  the  snbtermnean  water,  and  by  capillary  attraction, 
makes  the  upper  layers  of  the  soil  wet.  By  the^e  several  agencies  the 
ground  near  the  surface  is  in  most  i>arts  of  the  world  kept  more  or  less 
damp. 

Determinaium  of  Moidure  in  the  Soil. — By  drying  10  grammM  at  a  tern- 
jri^rature  of  220''  Fahr.  (104r'*4  Cent.),  then  weighing,  exiKising  to  air,  and 
observing  the  increase  of  weight,  an  idea  is  formed  of  the  amount  of  moistr 
iin.^,  and  of  the  hygnjoietric  pr<jperties  of  the  soil.  If  tlie  dried  soil  is  put 
ovt-r  water  under  a  bell  jar,  it  will  be  exposed  to  air  saturated  \eith  moist- 
ure, or  by  observing  the  dry  and  wet  bulb  thermometers,  the  humidity  of 
the  air  at  the  time  can  be  noted. 

Tfie  Ground  or  Subsoil  Water. — The  subU'rranean  continuous  wat«r, 
known  us  ground  or  snhmil  water ,  is  at  very  different  depths  below"  the 
Biirface  in  diiferent  soils  ;  sometimes  it  is  only  2  or  3  feet  from  the  surface, 
in  other  causes  as  many  hundreds,  Tliis  depends  on  the  compactness  or 
pernieability  of  the  soil,  the  ease  or  difficulty  of  outflow,  and  the  existence 
or  n<>t  of  an  impermeable  stratum  near  or  far  from  the  surface.  It  is  an 
error  to  look  upon  the  ground  water  as  a  subteiTanean  lake  or  sea^  with  an 
even  surface  like  an  ordinary  sheet  of  water,  for  it  is  not  necessarily 
horiztmUd,  and  in  some  places  it  may  be  brought  nearer  to  the  suifaex? 
than  others  by  [(eciiharities  of  ground.  The  wat'Cr  is  in  constiint  move- 
ment, in  most  cases  tiownng  towards  the  nearcj^t  w^at*  r-cuurscs  or  the  sea ; 
the  rate  of  movt-ment  has  not  yet  l>een  perfectly  determined.  In  Munich, 
Petteidcofer  reckons  iU  rate  as  15  feet  daily  ;  the  high  waiter  in  the  Elbe 
moves  the  ground  water  in  the  vicinity  at  the  rate  of  about  7  or  8  feet 
daily*  Fodor^  gives  the  mean  rate  at  Buda-Pesth  as  53  metres  (174  feet)» 
with  a  maximimi  of  66  metres  (216  feet)  in  twenty-four  hours,  reckoning 
by  the  rise  of  the  w^ells  following  the  rise  of  the  Danube. 

Tlie  rati'  of  iinivement  is  not  infl\ienced  solely  by  compactness  or  porosity 
of  soil,  or  inclination.     The  routs  of  trees  exert  a  great  influence  in  lessening   ' 
thy  flow  ;  und»  <<u  the  i>ilier  hand,  wat*>r  runs  otf  more  nipidly  than  before   ( 
in  a  district  cleared  of  tnu's.     The  level  of  the  giTivind  water  h  constantly  j 
changing.     It  rmaa  or  falls  moi-e  or  leas  rapitlly  and   at  dilierent  mtes  in 
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difTerent  places ;  in  some  cases  its  movement  is  only  a  few  inches  either 
way,  but  in  most  cases  the  limits  between  its  highest  and  lowest  levels  in 
the  year  are  several  feet  (in  Munich  about  10).  In  India  the  changes  are 
greater.  At  Saugor,  in  Central  India,  the  extremes  of  the  soil  water  are 
from  a  few  inches  from  surface  (in  the  rains)  to  17  feet  in  May.  At 
Jubbulpore  it  is  from  2  feet  from  the  surface  to  12  or  15.  At  Calcutta, 
Lewis  and  Cunningham  found  the  water  level  to  vary  between  5  and  15 
feet  below  the  surface.^ 

The  causes  of  change  in  the  level  of  the  ground  water  are  the  rainfall, 
pressure  of  water  from  rivers  or  the  sea,  and  alterations  in  outfall,  either 
increased  obstruction  or  the  reverse.  The  effect  of  the  rainfall  is  sometimes 
only  traceable  weeks  or  even  months  after  the  fall,  and  occasionally,  as  in 
plains  at  the  foot  of  hills,  the  level  of  the  ground  water  may  be  raised  by 
rainfalls  occurring  at  great  distances.  The  pressure  of  the  water  in  the 
Rhine  has  been  shown  to  affect  the  water  in  a  well  1670  feet  away.  The 
pressure  of  the  Danube  at  Buda-Pesth  is  found  to  influence  a  well  at  a 
,  distance  of  2700  feet  (Fodor). 

;  In  a  place  near  the  Hamble  River  (Hampshire)  the  tide  was  found  to 
/  affect  the  water  of  a  well  at  a  distance  of  2240  feet,  the  well  itself  being 
'    83  feet  deep  and  140  feet  above  mean  water-level.^ 

Measurement  of  the  Ground  Water, — The  height  at  which  water  stands 
[  in  wells  is  considered  to  give  the  best  indication  of  the  height  of  the  ground 
I  water.  Professor  Pettenkofer  uses  a  rod  on  which  are  fixed  a  number  of 
little  cups,  and,  when  let  down  into  the  well  and  drawn  up  again,  the 
uppermost  cup  which  contains  water  marks,  of  course,  the  height  of  the 
water ;  the  length  of  the  cord  or  rod  used  for  letting  down  the  cups  being 
known,  the  changing  level  of  the  well  can  be  estimated  to  within  half  an 
inch.  Some  precautions  are  necessary  in  making  these  observations :  if  a 
rope  is  used  it  may  stretch  with  use,  or  in  a  hot  dry  wind,  or  contract  in 
wet  weather,  and  thereby  make  the  observation  incorrect ;  local  conditions 
of  wells,  proximity  to  rivers,  &c.,  must  be  learnt,  else  what  may  be  termed 
local  alterations  in  a  well  may  be  wrongly  supposed  to  mean  changes  in 
the  general  level  of  the  ground  water.  It  is  necessary,  therefore,  to  make 
the  observations  simultaneously  in  many  wells  and  over  a  considerable 
district.  The  observations  should  be  made  not  less  often  than  once  a  fort- 
night, and  oftener  if  possible,  and  be  carried  on  for  a  considerable  time 
before  any  conclusions  are  drawn. 

Pettenkofer  also  uses  a  large  float  which  is  suspended  by  a  chain  travel- 
ling over  a  pulley :  this  supports  an  indicator  at  its  other  end,  which  marks 
the  height  on  a  fixed  scale. 

Method  of  rendering  Soil  Drier, — There  are  two  plans  of  doing  this, — 
deep  drainage  and  opening  the  outflow.  The  laying  down  of  sewers  often 
'  carries  off  water  by  leaving  spaces  along  the  course  of  the  sewers,  but  this  is 
a  bad  plan ;  it  is  much  better  to  have  special  drains  for  ground  water  laid 
by  the  side  of  or  under  the  sewers.  Deep  soil  drainage  (the  drains  being 
from  8  to  12  feet  deep  and  10  to  20  feet  apart)  is  useful  in  all  soils  except 
the  most  impermeable,  and  in  the  tropics  should  be  carried  out  even  on 
,  what  are  apparently  dry  sandy  plains. 

I  In  some  cases  soil  may  be  rendered  drier  by  opening  the  outflow.  This 
is  an  engineering  problem  which  medical  officers  can  only  suggest.  The 
clearing  of  water-courses,  removal  of  obstructions,  and  formation  of  fresh 

1  Op.  cit.,  p.  229. 

3  Lectures  on  State  Medicine,  by  F.  de  Chaumont  (Smith  and  Elder),  p.  91, 1875. 
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channels  are  measures  which  may  have  an  e£fect  over  very  laige  areas  which 
could  not  be  reached  by  ordinary  drainage. 


Diseases  connected  toith  Moisture  and  Ground  Water, 

Dampness  of  soil  may  presumably  affect  health  in  two  ways — 1«^  by  the 
effect  of  the  water,  per  se,  causing  a  cold  soil,  a  misty  air,  and  a  tendency  in 
persons  living  on  such  a  soil  to  catarrhs  and  rheumatism ;  and  2nrf,  by  aiding 
the  evolution  of  organic  emanations.  The  decomposition  which  goes  on  in 
a  soil  is  owing  to  four  factors,  viz.,  presence  of  decomposable  organic  matters 
(animal  or  vegetable),  heat,  air,  and  moisture.  These  emanations  are  at 
present  known  only  by  their  effects ;  they  may  be  mere  chemical  agencies, 
but  there  is  increasing  reason  to  believe  that  they  are  caused  by  low  forms 
of  life  which  grow  and  propagate  in  these  conditions.  At  any  rate,  moisture 
appears  to  be  an  essential  element  in  their  production.  The  ground  water 
is  presumed  to  affect  health  by  rendering  the  soil  above  it  moist,  either  by 
evaporation  or  capillary  attraction,  or  by  alternate  wettings  and  dryings.         i 

1.  A  moist  soil  is  cold,  and  is  generally  believed  to  predispose  to  rheunior 
tism,  catarrh,  and  neural^.  It  is  a  matter  of  general  experience  that  most 
persons  feel  healthier  on  a  dry  soil. 

2.  In  some  way  which  is  not  clear,  a  moist  soil  produces  an  unfavourable 
effect  on  the  lungs :  at  least  in  a  number  of  English  towns  which  have 
been  sewered,  and  in  which  the  ground  has  been  rendered  much  drier, 
Buchanan  showed  that  there  had  been  a  diminution  in  the  number  of 
deaths  from  phthisis  to  the  extent  of  32  per  cent,  at  Leicester  and  49  per 
cent,  at  Salisbury.^  Dr  Bowditch  of  Boston  (U.S.)  and  Dr  Middleton 
of  Salisbury  noticed  the  same  fact  many  years  ago.  Buchanan's  evidence 
is  very  strong  as  to  the  fact  of  the  connection,  but  the  nature  of  the  link 
between  the  two  conditions  of  drying  of  soil  and  lessening  of  certain 
pulmonary  diseases  is  unknown.  It  is  curious  how  counter  the  observation 
runs  to  the  old  and  erroneous  view  that  in  malarious  (and  therefore  wet) 
places  there  is  less  phthisis. 

3.  Paroxysmal  Fevers. — ^A  moist  soil  influences  greatly  the  development 
of  the  agent,  whatever  it  may  be,  which  causes  the  paroxysmal  fevers.  The 
factors  which  must  be  present  to  produce  this  agent  are  heat  of  soil  (which 
must  reach  a  certain  point  =  isotherm  of  65"  Fahr.  of  summer  air  tempera- 
ture), air,  moisture,  and  some  impurity  of  soil,  which  in  all  probability  is  of 
vegetable  nature.  The  rise  and  fall  of  the  ground  water,  by  supplying  the 
requisite  degree  of  moisture,  or,  on  the  contrary,  by  making  soil  too  moist  or 
too  dry,  evidently  plays  a  large  part  in  producing  or  controlling  periodical 
outbreaks  of  paroxysmal  fevers  in  the  so-called  malarious  countries.  The 
development  of  malaria  may  be  connected  either  with  rise  or  with  fall  of  the 
ground  water.  An  impeded  outflow  which  raises  the  level  of  the  ground 
water  has,  in  malarious  soils,  been  productive  of  immense  spread  of  paroxys- 
mal fevers.  In  the  making  of  the  Ganges  and  Jumna  Canals  the  outflow  of 
a  large  tract  of  country  was  impeded,  and  the  course  and  extent  of  the 
obstruction  was  traced  by  Dempster  and  Taylor  by  the  almost  universal  pre- 
valence of  paroxysmal  fevers  and  enlarged  spleens  in  the  inhabitants  along 

'  Buduman,  Sinth  and  Tenth  Reports  of  the  Medical  Officer  to  the  Privy  Council,  1866. 
dl  48,  and  1867,  p.  57.  As  the  tenn  **  phthisiB  "  is  a  general  one,  and  includes  all  the  fatal 
diseases  of  the  lungn,  with  destraction  of  lung-tissue  (tuberculous  and  inflammatory),  as  well 
as  other  cases  of  wasting,  with  pulmonary  symptoms,  it  would  be  well  to  translate  the  word 
''phthisis  "  by  the  phrase  "  wasting  diseases  of  the  lungs." 
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the  banks.^  Tlie  severe  and  fatal  fever  wliich  prevailed  in  Burdwan,  io 
Lower  Bengal,  for  a  number  of  years,  appears  to  have  been  in  part  owing  to 
the  obstruction  to  the  natnral  di-ainage  from  mills  and  from  blockage  of 
walernionrsefi/^  In  some  casc^  relative  obstmetiisn  eomei*  intti  play ;  i.e.,  an 
outfidl  suliicient  for  eompmitively  cby  weather  is  quite  inadequate  for  tlie 
rainy  season,  ami  the  gruund  water  rii^es.  At  Fola,  in  IfitriJi,  for  example, 
there  are  no  marshes,  but  in  the  summer  sometimes  half,  soiuetimes  90  per 
cent,  of  all  cases  are  malarious  ;  the  reastm  ia,  that  a  dense  clay  lies  a  little 
below  on  alluvial  soil,  and  the  only  exit  for  the  rain  is  through  two  valley- 
trottghs,  which  cannot  carry  off  the  water  fast  enougli  in  the  wet  aeason,* 
&om  February  to  May* 

A  remarkable  instance  of  excessive  rainfall,  causing  an  outbreak  of 
malarial  disease,  cK'ciirred  at  Kurraehee,  in  Seinde,  in  1869>  Tlie  average 
annual  rainfall  in  Sciirde  in  11  ye^ii-s  (1856-66)  was  only  6 '75  inches;  find 
the  greatest  rainftdl  in  that  time  was  13  9  inches  (1863).  In  1867  the  rain- 
fall was  2  73,  in  1868  it  was  3*36  inches  ;  while  in  1869  it  reached  the 
unprecedented  amount  of  28*45  inches;  of  which  13' 18  fell  in  Jidy  and 
8*39  inches  in  September.  April,  May,  October,  November,  and  December 
were  raiidess.  The  1st  Eatl  21st  Regiinent  had  the  following  attacks  of 
paroxysmal  fever  per  1000  of  strength: — In  Ajiril,  none;  in  May,  9;  in 
Jnue,  39  ;  in  Jtdy,  30  ;  in  August,  93  ;  iji  September,  105  ;  in  October,  198  i 
in  November,  1O04  ;  and  in  Decent! ler,  644.  In  December  the  regiment 
was  emlmrked  for  Jladnis,  as  it  had  '*  thoroughly  lost  heart."  Tlie  disease 
wa»  not  fat^b  ^^  the  death-rate  for  the  ye^ir,  from  all  causes,  was  only  2 5 "7 
per  1000.  At  Kiurachee,  as  the  rahifall  is  usually  so  small,  the  ground 
dries  fa^t,  and  is  then  nonniahjrious.  Tlie  ground  is  flat^  and  there  is  no 
Bubsoil  drainage.  In  1866,  when  there  was  heavy  rainfall  (13*75  inches), 
there  was  also  a  development  of  malarial  disease,  which  was  continued  in 
1867. 

The  opposite  result^  viz.,  an  increaeed  outflow  lowering  the  subsoil  water, 
hfis  been  observed  in  drainage  operations,  and  very  rnularious  places  have 
Ijeen  renclered  quite  healthy  by  this  measure,  as  in  Lincoln sliire,  and  many 
jmrts  of  England-  The  case  of  B^mfaric,  iji  Algeria,  is  a  good  instiince. 
Successive  races  of  soldiers  and  colonists  had  ilied  otl",  and  the  stJition  bad 
tlie  worst  reputation.  Deep  drainage  was  resorted  to ;  the  level  of  the 
grotmd  water  was  lowered  less  than  2  feet.  This  measure,  and  a  letter 
8Uj)ply  of  drinking  water,  reduced  the  morUdily  to  one-thii'd. 

4.  Snieric  /Vivr  has  also  been  HUpiKisetl  to  be  connected  with  chang^-8 
in  moistnre  of  the  soil,  owing  to  rising  and  falling  of  the  ground  water. 
Profifssor  Pettenlvofer's  observations  on  the  wells  of  Munich  led  Buhl  to 
the  discovery  that  in  tha^t  city  there  is  a  very  close  relation  between  the 
height  of  the  ground  water  and  t!ie  fat^d  cases  of  enteric  fever ;  *  the  onir 
hreaks  of  enteric  fever  occurred  when  the  ground  water  w^is  lowest,  and  espe- 
ciiilly  when,  after  having  risen  to  an  unusual  height^  it  had  rapidly  fallen. 


1  Tlie  obiHirvfttions  of  Xk-mpster  and  Taylor  oo  the  Jumna  CAnul  were  coa finned  by  F^irgtison 
{Sntniiort/  jifhnitiwtrafirm  of  the  Punjab  for  1871,  Appendix  IV.),  m'ho  iuveBtigatea  the  offioct 


oil  innliirious  distu-^t'  in  the  Ban  Tkukh  CatinJ  District ;  he  found  Caunl  irrigation  increoftid 
riotta  fever,  apfntin  ntlv  bv  rol'^iiig  the  ftoil->*at«r  levels, 

5  Dr  Dvrhy  {Thtni  Heporl  u/  the  .State  BtHird  of  HtdlUi  of  MaaaOfihuaeUs^  Boston,  1872) 
point.^  out  bow  ii4?ne  has  betMi  prodxKtjd  by  obMructions  to  outflow,  such  as  tide-mill s»  &c. 
my  long  ago  ;is  1 8'2>^  authorily  to  rtimove  &  durn  waa  obtAined  on  aeooont  of  injtiTy  to  health. 
Sec  nliw)  cane  recorded  by  Dr  CAttell  in  Natal,  Army  Medical  ReporU^  vol.  xiii.,  1871,  p,  178, 
produced  by  uatural  cau^e.s, 

»  l>r  Jikk,  in  Atthiv  (Ur  Heilk,  1870,  p,  493. 

*  ZcitBchrift  fur  Dhlogifr  Band  j.  p.  1. 
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fettenkofer  has  repGattnl  nnd  extended  the  inquiry  with  the  same  n^sulLs. 
The  j>oiiit  luis  been  also  iiimiericuUy  inve8tigiit«d  by  8eidel  ^  in  ^lunich  and 
Leipzig  for  tht?  year^  1856-64  and  1865-73,  iind  from  a  niatlit^nmtical 
coiiJ?.ideriitiou  of  the  ninubei\s  he  concludes  that,  according  to  the  theory  of 
probaldlities,  it  is  36,000  io  1  that  there  is,  in  eHch  period,  a  connection 
l>etween  the  two  occurrences/-^  Other  observaticnia  in  Germany  are  con- 
tirinatcjry,^  but  in  this  country  the  connection  has  not  b<?en  traced.  In 
some  outbreaks  of  enteric  fever  the  groimd  water  has  been  rising  and  not 
falling,  Fo^lor*  says  that  at  Buda-Pesth  the  rise  of  enti^ric  fever  mortality 
accompanies  the  rising  ground  water,  and  tlie  two  fall  together.  In  other 
instances  the  attacks  have  been  traced  to  injpure  druikiaig  water  or  milk,  to 
sewer  emanations,  or  to  personal  contagion,  and  the  agency  of  tlie  ground 
water  huA  appeared  to  be  quiU?  negtitive.  I*r  Huchanan  ^  hajs  quot'cd  a  case 
ill  which  the  sinking  of  the  gi'ouiid  water  and  the  outbreak  of  fever  were 
coincident,  and  yet  the  cormection  wag,  so  to  speak^  accidental,  for  the 
efficient  cause  of  the  outbreak  was  tlie  jMiisoning  of  tlie  ♦Irinkmg  ^vatfT  with 
enteric  evacuations.  And  ho  also  ]>oiuts  out  that  %vheu  tlie  ground  w^at^r 
has  actually  been  hiwered  in  certtdn  English  towns  by  drainage  ojierations, 
enteric  fever  has  not  increased  as  it  should  do^  according  to  theory,  but  has 
diminished,  owing  w  the  introduction  of  pure  water  from  a  distance.  He 
thus  tliinks  that,  w^hile  a  connection  lietween  the  prevalence  of  enteric  fever 
and  sinking  of  the  gioimrl  water  must  be  admitted  to  exist,  it  is  indii^ect, 
and  the  true  cause  of  the  fever  is  impurity  of  the  drinking  water.  Petten- 
kofer  lias  rephed  to  this  view,''  and  denies,  from  act\ial  analysis,  the  fact  of 
the  contaminatioti  of  the  drinking  water  in  enteric  outbreaks. 

The  oliservations  «d  Fettenkofer,  and  the  case  of  tlie  barracks  at  Neustift, 
recorded  by  Buxbaum,  arc  cerbiinly  in  favour  of  the  opinion  that  a  direct 
connection  may  exist  in  some  cases  Ix^tween  tlie  sinking  of  the  ground  water 
and  outbreaks  of  enteric  fever ;  but  the  frequency  and  extent  of  tlie  connec- 
tion remains  to  be  detennined,  and  in  this  country,  at  any  rate,  the  other 
conditions  of  spread  of  ent-eric  fever  ajijiear  to  be  far  more  common. 

Assuming  the  truth  of  the  connection,  the  other  conditiouH  which 
Pettenkofer  considers  necessary,  besidea  a  rapid  sinking  of  ground  water 


Lfi^i  « 


*  Z^Urh.fdT  Biologit\  Bfiml  i,  p.  221,  and  Band  ii.  p.  145. 

*  Uanke^  howtjver,  point*?*!  out  tluit  uo  enteric  fever  rxbtetl  in  tlie  neighbourhood  of  Monich 
but  what  WHS  iraportiMi  from  MuniL-li,  altbongh  soil  and  j^ound  wtit^sr  were  the  same.  ISIunieli 
blU  a  soil  cousisting  ol  tint  sainl,  with  a  petuliar  |>owir  ol  boMiug  nitrogiMiuti.H  .subyUaoeA  ;  it 
WW*  pmvide<l  with  L-esspnoU,  fmm  wliich  more  than  90  per  ct?nt.  of  i}w  tionteuts  soaknl  into 
the  surrounding  soil,  aoid,  aji  the  streets  were  wtU  paved,  the  bouses  were  the  only  outlotfi  for 
the  foul  sod-^air. 

Vtrchow  in  hi6  Renort  on  the  Sewerage  of  Berlin,  fshowed  that  thti  niortiility  was  CTUAt^t 
IB  July  and  August,  tne  curve  com-Aponding  accurately  with  the  variation  of  the  ground  water, 
the  death -rate  being  p-eat-eJit  at  the  lowcHt  level  ;  this  wa«  chietly  due  to  deaths  under  one 
year.  At  the  lowest  level  there  was  every  year  a  little  epidemic  of  enteric  fever.  At  Zurich 
in  1872  the  rt^sults  wen?  tUrectly  ooposcd  io  l^etteiikufur  ^  view.s  (wie  Lfdures  <m  Slntt  Metii- 
cin£,  p,  101).    GeUskr  c^nKiderN  the  itifluence  of  tlie  rise  and  fall  of  the  ground  wattr  a  local 


niattvr,  and  a^^'es  with  Rudolph  KAth  in  attributiniij  the  enteric  fever  of  Berlin  to  contjinii* 
uated  water.  The  ca^ie  of  Avater  transmission  (wbitib  be  quotes  from  Hugkr)  in  tlie  viilage  of 
LftUKeu  i*  a  very  eoDclu^ive  cue,     {ScJunidfa  JahrhU^h,  1874,  No.  2»  j 85  ;  also  Arrkivfiie 


Klin.  Medicin,  1S73,  p»  237;  ftee  alno  aa  absiraet  in  the  Report  on  Hygiene,  Anny  Ai^d, 
HtjttrrU^  vol.  XV.  p.  19^.) 

Vo(ft  of  Bern  {Trinhm^ser  oder  Bodrrtf/asr)  strongly  supptjrUt  Pettenkofers  views,  tnd 
coiLHiaerT!  the  propagation  by  drinking  water  ini  illusory, 

«  Buxbaum,  "  Der  Typhus  ixi  der  Ka»erne  zu  Nenjitift,"  ZeUxch^^fur  Biohgie^  Biod  vi,  p.  1. 
ThJa  ftocnift  strong  evidence  in  favour  of  Petteakofer's  view. 

*  Op.  eit.  »  Mtttiiial  Times  and  OojutU,  Murch  1870. 

'  Jifdiml  Tim€s  and  OazeUt^  Juti©  1870 ;  &ud  VierU!jakt§chfiJt  fur  ofmiKchc  Oetmnds' 
'  fife,  1870,  Baud  ii.  pp.  17d,  197. 
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iifUT  an  unusual  risc^  sire  imtiurity  of  the  soil  from  atiimal  impregnation, 
heat  (jf  Hoil,  and  the  entrance  of  a  apeeifiL'  gemi.^ 

Baldwin  Latham'^  endeavDura  Uj  sh<tw  that  thti  healthiest  periods  (i-.<f,, 
08  reganls  immunity  from  enteric  fever»  t^^c.)  are  those  when  the  gromid 
water  is  higlx ;  >vtierea,s  low  ground  water  periods,  especially  wlien  an  excep- 
tionaUy  low  i^criixl  (Kcurs,  are  tlie  most  unhi^althy.  Ae  a  rvde,  however,  ho 
wiys  that  the  state  of  the  gixauid  water  is  an  indication  of  the  future  health 
rather  than  i>f  the  jjresent,  the  nioBt  unliealthy  time  lH?iiig  when  |>ercolation 
commences  after  tlie  lowest  ground  water  perimL  Thus  enteric  fever  deaths 
at  Croydon  (1837-86)  are  fewest  in  June,  and  rnercase  steadily  to  a  maxi* 
mum  in  January.  This  corresponds  to  the  obaervations  of  M.  Durand-Claye 
in  Paris  (1865-69  and  1872-81),  who  has  shown  that  the  deaths  fmni 
enteric  fever  are  at  their  lowest  in  June,  and  at  their  highast  from  August 
to  November.  These  nm  in  some  measure  contrary  to  Pettenkofer  s  views. 
J  ia  Id  win  Latham  lays  stress  uiion  the  uniformity  of  gromid  water  as  necessary 
for  health. 

On  the  whole,  we  may  state  the  case  thus:  A  unifonuly  low  ground 
water,  my  15  Ui  20  feet,  is  most  healthy,  hut  a  unifonuly  high  gromid  water, 
say  3  to  5  feet,  is  preferahic  Ut  one  that  is  fluctuating^  especially  if  the 
liniita  l)e  wide.  It  must,  however^  he  lx>rne  in  mind  that  it  is  not  the 
ground  water  it*?elf  that  is  the  cause  of  disease,  l>nt  the  impurities  in  the 
soil  which  the  varying  level  of  the  ground  water  heljjiS  to  »et  in  action. 

5.  A  very  similar  view  is  held  hy  Pettcnkofer  in  respect  of  cholera^  and 
he  has  advanced  many  striking  arguments^  to  show  that,  while  sporadic 
cases  of  cholera  may  occur,  there  will  be  no  widespread  ejiideniic  unless 
certixin  conditions  of  soil  are  present,  viz.,  an  impure  porous  soil,  whieli  has 
recently  Iveen  rendered  nn»i3t  hy  a  rise  of  gromid  water^  Mud  ill  en  has  lioen 
]>enelnited  liy  air  during  the  fall  of  gioimd  water,  and  intn  which  the  specific 
germ  {keim)  of  cholera  has  found  its  way,* 

In  Germany  Pettenkofer^s  views  on  the  spread  of  cholera  have  not  met 
with  universal  acceptances^  though  there  are  several  instances  in  snpjKjrt 
In  India  the  weight  of  the  evidence  is  against  Pettenkofer's  view;**  but 
iiive*»tigjitions  will,  in  all  probnhility,  in  a  fr^w  years  settle  tlie  point,  and  it 
is  desirable  at  present  to  refrain  from  f(»rndng  a  decided  ((pinion,  except  in 
so  far  that  we  may  feel  sure  that  the  singularly  localised  outbreaks  wliich 
sometimes  occur  in  India  are  quite  unconnected  with  any  su1isoibwat<*r 
variations. 

In  the  report  of  Ij<?wis  and  Cunningham  {op,  cii.)  it  is  shown  that  the 
cholera  in  Calcutta  in  1873-4  followed  the  curve  of  the  ground  wat^Tdevel 
inversely,  exactly  in  accortlance  with  Pett^nki*fer's  views. 

6.  Epidemic  i?wirrAr>vi,^Dr  11,  Tomkins  of  Leicest«^r,  after  investigating 
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i  VierUfJahrschri/l/iir  tiff  nil.  Get,,  Baad  li.  p.  181. 

•  Afldresn  to  the  Ajchit««ctural  ami  Engixtetrring  Section^  York  Congreas  of  Sanitary  Ineti- 
tute  of  Great  Bril&iu,  1886  («^e  vol  vili.  of  Tranoactiom  San,  InAf.). 

•  Among  bb  many  E^sayn,  HiH*c:ial  reference  may  hm  made  to  bis  Aiialyais  of  tb»*  **  HeaAOtia 
of  the  Immunity  of  Lyona  from  Chokra."  ZfitaclKfuT  liioL^  Baiiti  iv.  p.' 400, 

•  It  L%  of  cour«ie»  to  Ihie  iiuderstoo*!  that  the  imi'urity  which  nlU  in  pi-otlucing  cholera  is 
d*irived  from  iM!rsoit»  ill  with  th*-  disease.  For  ti  rliMctntwion  oa  Pettenkoftr's  views  on  thii 
point,  !we  Report  on  Hygiene  for  187*2,  in  the  Army  Mnl  DriHtrtimiii  Report^  vol.  xiii*  {IdUZ) ; 
ftlid  for  his  liit<i5t  viewi,  voL  xx\L  (1882)  pjj.  2f*l  tt  »rq. 

•  A  careful  nnaly^ijs  of  this  Rubjeet  i»  containwl  in  F.  Kiithenmeisttiir^s  work  ( Vethttitung 
rffr  VhoUrtt,  1872),  and  the  work  hy  F.  Sander  ( Untrri*.  uf^r  dir  ChvUra.  1872).  Dr  Frank 
(heH)rh  officer  of  Munich)  l>flieve3i  that  the  cholera  in  jH73-4  was  importal  from  Viomift,  and 

Ii'Oints  ont  that  in  1873  the  groiiud  water  and  d«ath-ratt»  were  not  in  accordance  with  Petteti- 
Lof«r'8  theory  (sec  Report  oti  Hygiene,  Arm^  Mfd.  lir^tortf  vol.  iv,  p,  203). 

•  Townaead's  Report*  on  the  C^iokm  in  Ceutml  India  eoutaiu  so  many  o.Ai»es  whi*rc  ground 
water  could  have  had  no  iollueDce  that  it  appcsaj-s  iuijioHHthle  to  accept  Petteokofer'a  theory. 
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the  causes  of  diarrhoea  in  that  town,  concludes  that  soil  has  a  marked 
influence  in  the  production  of  this  disease,  which  occurred  chiefly  in  a 
"diarrhoea  area,"  that  is,  a  tract  of  low-lying  alluvial  soil,  which,  on  examina- 
tion he  found  to  contain  a  much  larger  (from  3  to  6  times)  amount  of  bacterial 
spores;  and  that  a  soil  temperature  of  60"  at  1  foot  depth,  and  56"  or  57" 
at  4  feet  was  necessary  to  produce  an  excessive  prevalence.^ 

Dr  Ballard,  after  an  extensive  inquiry,  has  come  to  the  conclusion  that 
the  soil  temperature  at  a  depth  of  4  feet  is  a  most  important  factor :  the 
summer  rise  of  diarrhoea  mortality  does  not  commence  until  this  temperature 
reaches  about  56" :  the  maximum  mortality  coincides  with  the  maximum 
temperature  at  this  depth,  and  the  decline  of  mortality  coincides  with  the 
decline  of  temperature.  Rainfall  acts  by  preventing  the  rise,  and  hastening 
the  fall  of  soil  temperature.  Loose  permeable  soils  are  most  diarrhoeal. 
Organic  impurity  of  soil  is  of  importance.  A  certain  amount  of  dampness 
favours  prevalence,  but  not  so  much  as  to  preclude  free  admission  and  exit 
of  air.2 

7.  Dysentery^  on  the  other  hand,  although  showing  analogy  with  malarial 
diseases  in  many  points,  and,  therefore,  naturally  supposed  to  be  associated 
with  telluric  influences,  has  not  by  experience  been  found  to  have  any  such 
connection,  neither  the  geological  formation  nor  the  physical  character  of 
the  soil  influencing  its  spread.^ 

8.  Diphtheria, — Hirsch*  states  that  the  assumption,  that  conditions  of  the 
soil  have  some  influence  on  development  of  diphtheria  or  its  epidemic 
diffusion  is  one  that  has  no  warrant ;  and  that  it  is  as  prevalent  iii  low-lying 
places  as  in  those  that  are  elevated,  on  plains  as  in  valleys,  on  dry  and  on 
wet  soils,  on  porous  and  on  hard  rock,  equally.  In  England,  however,  soil 
has  been  considered  to  have  some  connection  with  its  occurrence  and  spread. 
Dr  Edgar  Barnes^  assigns  damp  and  polluted  air  as  a  factor,  and  believes  it 
to  be  more  prevalent  on  clay  soils  than  on  gravel.  Dr  Spottiswopde 
Cameron  is  of  opinion  that  polluted  ground  air  is  an  important  factor  in  its 
causation.  Dr  Kelly  found  the  mortality  to  be  higher  on  retentive  than  on 
porous  soils.     Further  investigations  appear  to  be  needed  on  this  question. 

9.  Measles^  Whooping  Cough,  Pneumonia,  dhc, — Blaxall  shows  that  these 
diseases  were  more  fatal  at  New  Swindon  on  damp  sub-soil  (Kimmeridge 
clay),  than  at  Old  Swindon  (on  limestone)  100  feet  higher.  On  the  other 
hand,  Hirsch®  considers  whooping  cough  to  be  independent  of  the  character 
of  the  soil,  and  is  not  inclined  to  admit  this  as  a  factor  in  the  causation  of 
pneumonia. 

Fodor^  states  that  at  Buda-Pesth  cholera  and  intermittent  fever  appear  to 
be  connected  with  the  processes  which  go  on  in  the  upper  layer  of  the  soil, 
and  cholera  mortality  rises  and  falls  inversely  with  the  groimd  water-level, 
according  to  Pettenkofer's  view.  Enteric  fever,  on  the  other  hand,  appears 
to  be  connected  with  the  processes  which  go  on  in  the  lowest  stratum  of  the 
soil,  its  mortality  varying  directly  with  the  ground  water-level.  The  lowest- 
lying  parts  of  the  city  have  the  most  impure  soil,  and  are  specially  subject 
to  cholera  and  enteric  fever ;  whilst  measles,  scarlet  fever,  croup,  and  diph- 
theria appear  to  invade  all  parts  of  the  city  indifferently. 

»  B.M.J.,  1889,  vol.  ii.  p.  180.  a  Local  Gov.  Board  Report,  1888. 

'  Hirsch,  Oeographical  and  Historical  Pathology ,  translated  by  C.  Creighton,  M.D.,  1886, 
vol.  iii.  p.  340-3. 
*  Op,  cU„  p.  104.  »  B.M.J.,  1888,  vol.  ii. 

«  Op.  cU.,  p.  146.  1  Op.  cU. 
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Sub-Section  111. — General  Features  of  the  Soil. 

There  are  certain  general  features  which  can  be  conveniently  considered 
first. 

1.  Conformation  and  Elevation. — The  relative  amounts  of  hill  and  plain ; 
the  elevation  of  the  hills;  their  direction;  the  angle  of  slope;  the  kind, 
size,  and  depth  of  valleys ;  the  chief  watersheds,  and  the  direction  and  dis- 
charge of  the  water-courses;  the  amount  of  fall  of  plains,  are  the  chief 
points  to  be  considered. 

Among  the  hills  the  unhealthy  spots  are  enclosed  valleys,  punch-bowls, 
any  spot  where  the  air  must  sta^ate;  ravines,  or  places  at  the  head  or 
entrance  of  ravines. 

In  the  tropics  especially  ravines  and  nullahs  are  to  be  avoided,  as  they 
are  often  filled  with  decaying  vegetation,  and  currents  of  air  frequently 
traverse  them.  During  the  heat  of  the  day  the  current  of  air  is  up  the 
ravine,  at  night  down  it.  As  the  hills  cool  more  rapidly  than  the  surround- 
ing plains,  the  latter  current  is  especially  dangerous,  as  the  air  is  at  once 
impure  and  cold.  The  worst  ravine  is  a  long  narrow  valley,  contracted  at 
its  outlet,  so  as  to  dam  up  the  water  behind  it.  A  saddleback  is  usually 
healthy,  if  not  too  much  exposed ;  so  are  positions  near  the  top  of  a  slope. 
One  of  the  most  difficult  points  to  determine  in  hilly  regions  is  the  probable 
direction  of  winds ;  they  are  often  deflected  from  their  course,  or  the  rapid 
cooling  of  the  hills  at  night  produces  alteration. 

On  plains  the  most  dangerous  points  are  generally  at  the  foot  of  hills, 
especially  in  the  tropics,  where  the  water,  stored  up  in  the  hills  and  flowing 
to  the  })lain,  causes  an  exuberant  vegetation  at  the  border  of  the  hills. 

A  plain  at  the  foot  of  hills  may  be  healthy,  if  a  deep  ravine  cuts  off  com- 
pletely the  drainage  of  the  hill  behind  it. 

The  next  most  dangerous  spots  are  depressions  below  the  level  of  the 
plain,  and  into  which  therefore  there  is  drainage.  Even  gravelly  soils  may 
be  damp  from  tliis  cause,  the  water  rising  rapidly  through  the  loose  soil 
from  the  pressure  of  higher  levels. 

Elevation  acts  chiefly  by  its  effect  in  lessening  the  pressure  of  the  air, 
and  in  increasing  the  rapidity  of  evaporation.  It  has  a  powerful  effect  on 
marshes,  high  elevations  lessening  the  amount  of  malaria,  partly  from  the 
ra})id  evaporation,  partly  from  the  greater  production  of  cold  at  night.  Yet 
malarious  marshes  may  occur  at  great  elevations,  even  6000  feet  (Erzeroum 
and  Mexico).  Dr  Farr  considered  that  elevation  had  a  considerable  influence 
on  the  occurrence  of  cholera ;  the  greater  the  elevation,  the  less  the  mortality. 
Acland  made  similar  observations  during  the  prevalence  of  epidemics  at 
Oxford.  Dr  H.  Airy  considers  that  diphtheria  shows  a  preference  for 
elevated  exposed  situations.^ 

2.  Vegetation, — The  effect  of  vegetation  on  ground  is  very  important.  In 
cold  climates  the  sim's  rays  are  obstructed,  and  evaporation  from  the  ground 
is  slow ;  the  ground  is  therefore  cold  and  moist,  and  the  removal  of  wood 
renders  the  climate  milder  and  drier.  The  extent  to  which  trees  impede 
the  passage  of  water  through  the  soil  is  considerable. 

In  hot  countries  vegetation  shades  the  ground  and  makes  it  cooler.  The 
eva}K)ration  from  the  surface  is  lessened ;  but  the  evaporation  from  the 
vegetation  is  so  great  as  to  produce  a  perceptible  lowering  effect  on  the 
tom})erature  of  a  place.     Pettenkofer  calculated  that  from  an  oak  tree  the 

^  International  Medical  Conffress,  1881. 
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evaporation  equalled  212  inches,  whila  the  rainfall  was  only  25*6  inches ; 
this  shows  how  much  water  was  abstracted  from  the  soil,  and  how  the  air 
must  have  been  moistened  and  cooled.  Observations  in  Algeria  (Gimbert) 
have  shown  that  Eucalyptus  globulus  absorbs  and  evaporates  11  times  the 
rainfall ;  extremely  malarious  places  being  rendered  healthy  in  this  way  in 
four  or  five  years. 

The  hottest  and  driest  places  in  the  tropics  are  those  divested  of  trees.  ^ 

Vegetation  produces  also  a  great  effect  on  the  movement  of  air.  Its 
velocity  is  checked ;  and  sometimes  in  thick  clusters  of  trees  or  underwood 
the  air  is  almost  stagnant.  If  moist  and  decaying  vegetation  be  a  coincident 
condition  of  such  stagnation,  the  most  fatal  forms  of  malarious  disease  are 
produced.  It  may  thus  do  harm  by  obstructing  the  movement  of  air ;  on 
the  other  hand,  it  may  guard  from  the  currents  of  impure  air.  The  pro- 
tective influence  of  a  belt  of  trees  against  malaria  is  most  striking. 

In  a  hygienic  point  of  view,  vegetation  must  be  divided  into  herbage, 
brushwood,  and  trees ;  and  these  should  be  severally  commented  on  in 
reports. 

Herbage  is  always  healthy.  In  the  tropics  it  cools  the  ground,  both  by 
obstructing  the  sun's  rays  and  by  aiding  evaporation ;  and  nothing  is  more 
desirable  than  to  cover,  if  it  be  possible,  the  hot  sandy  plains  of  the  tropics 
with  close-cut  grass. 

Brushwood  is  frequently  bad,  and  should  often  be  removed.  There  is, 
however,  evidence  that  the  removal  of  brushwood  from  a  marsh  has 
increased  the  evolution  of  malaria,  and  that,  like  trees,  brushwood  may 
sometimes  offer  obstruction  to  the  passage  of  malaria.  It  must  also  be 
remembered  that  its  removal  will  sometimes,  on  account  of  the  disturbance 
of  the  ground,  increase  malarious  disease  for  the  time;  and  therefore,  in 
the  case  of  a  temporary  camp  in  a  hot  malarious  country,  it  is  often 
desirable  to  avoid  disturbing  it.  When  removed,  the  work  shoidd  be 
carried  on  in  the  heat  of  the  day,  t.«.,  not  in  the  early  morning  or  in  the 
evening. 

Mr  W.  North  instances  the  case  of  Cistema,  where  the  removal  of 
macchia  {i.e.,  brushwood,  &c.),  though  long  objected  to  on  account  of 
supposed  protection  from  malarial  currents,  was  the  means  of  improving  the 
healthiness  of  the  district.^ 

Trees  should  be  removed  with  judgment.  In  cold  countries  they  shelter 
from  cold  winds ;  in  hot  they  cool  the  ground ;  in  both  they  may  protect 
from  malarious  currents.  A  decided  and  pernicious  interference  with  the 
movement  of  air  should  be  almost  the  only  reason  for  removing  them.  In 
some  of  the  hottest  countries  of  the  world,  as  in  Southern  Burmah,  the  in- 
habitants place  their  houses  imder  the  trees  with  the  best  effects ;  and  it 
was  a  rule  with  the  Romans  to  encamp  their  men  under  trees  in  all  hot 
countries. 

The  kind  of  vegetation,  except  as  being  indicative  of  a  damp  or  dry  soil, 
does  not  appear  to  be  of  importance. 

3.  Absorption  of  Heat. — The  heat  of  the  sun  is  absorbed  in  different 
amounts  by  different  soils  equally  shielded  or  unshielded  by  vegetation.  The 
colour  of  the  soil  and  its  aggregation  seem  chiefly  to  determine  it.  The 
dark,  loose,  incoherent  sands  are  the  hottest;  even  in  temperate  climates 

'  It  has  been  proposed  (by  Mr  Milne  Home)  to  plant  trees  in  Malta,  witli  the  view  of 
improving  and  regulating  tne  water-supply. 

Mr  RolHjrt  L.  Stevenson  has  considered  the  thermal  influence  of  forests,  in  a  paper  in  the 
Proceedings  of  the  Royal  Society  of  Edinburgh  (19th  May  1873). 

2  B.M.f.  April  and  May,  1887. 
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Arago  found  the  temperature  of  sand  on  the  surface  to  be  122"  Falir.,  and 
at  the  Cape  of  Good  Hope  Herschel  observed  it  to  be  no  less  than  159*.^ 
The  heating  power  of  the  sun's  rays  is  indeed  excessive.  In  India  the 
thermometer  placed  on  the  ground  and  exposed  to  the  sun  will  mark  160' 
(Buist),  while  2  feet  from  the  groimd  it  will  only  mark  120'.  Buist  thinks 
that  if  protected  from  currents  of  air  it  would  mark  212°  when  placed  on 
the  ground.  The  absorbing  and  radiating  powers  of  soil  are  not  necessarily 
equal,  though  they  may  be  so.  Generally  the  radiating  power  is  more  rapid 
than  the  absorbing ;  soils  cool  more  rapidly  than  they  heat.  Some  of  the 
marshes  in  Mexico  cool  so  rapidly  at  night  that  the  evolution  of  malaria  is 
stopped,  and  the  marsh  is  not  dangerous  during  the  night.  A  thermometer 
marked  32°  Fahr.  on  the  ground,  while  16  feet  above  the  ground  it  marked 
58°  Fahr.  (Jourdanet). 

In  Calcutta,  Lewis  and  Cunningham  ^  found  that  the  temperature  of  the 
soil  varied  with  the  season.  In  hot  weather  the  thermometer  stood  highest 
in  the  air,  next  highest  in  the  upper  stratum  of  the  soil,  and  lowest  in  the 
lower  stratum.  In  cold  weather  the  conditions  were  exactly  reversed,  the 
air  being  coolest  and  the  lowest  stratimi  of  soil  the  hottest.  During  rain, 
however,  these  relations  were  not  constant. 

With  regard  to  absorbing  power,  the  following  table  by  Schiibler  contains 
the  only  good  experiments  at  present  known : — 


Pure  clay, 667 

Fine  chalk,  61*8 

Humus, 49  0 


Power  of  retaining  Heat,  100  being  assumed  as  the  standard. 

Sand  with  some  lime,  .  100*0  t  Clayey  earth 68*4 

Pure  sand,  ....  96-6 

Light  clay 769 

Gypsum, 72*2 

Heavy  clay 71*11 

The  great  absorbing  power  of  the  sands  is  thus  evident,  and  the  compara- 
tive coldness  of  the  clays  and  humus.  Herbage  lessens  greatly  the  absorbing 
|)ower  of  the  soil,  and  radiation  is  more  rapid.  On  the  Orinoco  a  naked 
granite  rock  has  been  known  to  have  a  temperature  of  118°  Fahr.,  while  an 
adjacent  rock  covered  with  grass  had  a  temperature  32°  lower. 

In  cold  countries,  therefore,  the  clayey  soils  are  cold,  and  as  tliey  are  also 
damp,  they  favour  the  production  of  rheumatism  and  catarrhs ;  the  sands 
are,  therefore,  the  healthiest  soils  in  this  respect.  In  hot  countries  the 
sands  are  objectionable  from  their  heat,  unless  they  can  be  covered  with 
grass.  They  sometimes  radiate  heat  slowly,  and  therefore  the  air  is  hot 
over  them  day  and  night. 

The  sun^s  rays  cause  two  currents  of  heat  in  soil :  one  wave  diurnal,  the 
heat  passing  down  in  temperate  climates  to  about  4  feet  in  depth  during 
the  day,  and  receding  during  the  night — the  de})th,  however,  varying  with 
the  nature  of  the  soil  and  with  the  season ;  the  other  wave  is  annual,  and 
in  temperate  climates  the  wave  of  summer  heat  reaches  from  50  to  100  feet. 
The  line  of  uniform  yearly  temperature  is  from  57  to  99  feet  below  the 
surface  (Forbes). 

Not  only  does  the  amount  of  radiation  differ  in  different  soils,  but  a 
change  is  produced  in  the  heat  by  the  kind  of  soil.  The  remarkable  re- 
searches of  Tyndall  ^  have  shown  that  the  heat  radiated  from  granite  passes 
through  aqueous  vapour  much  more  readily  than  the  heat  radiated  by  water 
(though  the  passage  is  much  more  obstructed  than  in  dry  air).  In  other 
words,  the  luminous  heat  rays  of  the  sim  pass  freely  through  aqueous  vapours 

I  MeUorology,  p.  4.  «  Op.  cit,  »  Chemical  NetM,  March  6,  1864,  page  114. 
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and  fall  on  water  and  granite ;  but  the  absorption  produces  a  change  in  the 
heat,  so  that  it  issues  again  from  water  and  granite  changed  in  quality ;  it 
will  be  most  important  for  physicians  if  other  soils  are  found  to  produce 
analogous  changes. 

With  regard  to  the  effect  of  temperature  of  the  soil  on  disease,  it  can 
hardly  be  doubted  that  it  powerfully  influences  malaria,  and  probably  also 
aids  the  progress  of  cholera.  Lewis  and  Cunningham  found  that  the  maximum 
cholera  prevalence  in  April  at  Calcutta,  and  the  minor  elevation  of  prevalence 
in  November,  both  occurred  when  the  soil  temperature  at  a  depth  of  6  feet 
was  between  78"  and  79**.^  R.  H.  Firth  says  that  the  period  of  minimum 
variation  of  soil  temperature  at  3  feet  ("  the  greatest  equal  soil  temperature  "), 
corresponds  with  the  maximum  prevalence  of  malaria.^  Epidemic  diarrhoea 
has  also  been  considered  to  depend  largely  on  soil  temperature  (see  page  10) 
(Tomkins,  Ballard). 

4.  Reflection  of  Light — ^This  is  a  matter  of  colour ;  the  white  glaring  soils 
reflect  light,  and  such  soils  are  generally  also  hot,  as  the  rays  of  heat  are 
also  reflected.  The  effect  of  glare  on  the  eyes  is  obvious,  and  in  the  tropics 
this  becomes  a  very  important  point.  If  a  spot  bare  of  vegetation,  and  with 
a  white  surface,  must  be  used  for  habitations,  some  good  result  might  be 
obtained  by  coloui-ing  the  houses  pale  blue  or  green. 

Sub-Sbction  rV. — Solid  Constituents  of  the  Soil. 

{a)  Vegetable  Matters. — Almost  all  soils  contain  vegetable  matter.  It 
exists  in  three  chief  foims — deposits,  vegetable  debris,  and  incrustations. 
Deposits  occur  in  tracts  of  land  which  have  been  covered  by  silt  brought 
down  by  floods,  or  which  have  been  submerged  by  subsidence ;  forests  have 
been  thus  buried,  and  again  elevated.  In  the  marshes  of  the  Tuscan 
Maremma,  and  in  many  other  cases,  the  vegetable  forms  can  be  traced  with- 
out difficulty  to  a  considerable  depth,  and  the  structure  is  even  sometimes 
little  changed,  although  so  vast  a  period  of  time  has  elapsed.  Vegetable 
debris  produced  by  the  decay  of  plants  lies  on,  or  is  washed  into,  the  soil, 
and  in  this  way  the  ground  may  be  penetrated  to  great  depths.  In  some 
cases,  especially  in  sandy  plains  at  the  foot  of  hills,  the  rain  brings  down  very 
finely  divided  debris,  and  is  filtered  as  it  passes  through  the  soil,  so  that 
each  particle  of  sand  becomes  coated  over  or  incnisted  with  a  film  of  vege- 
table matter.  If  such  a  plain  be  subjected  to  alternate  wettings  and  dryings, 
and  to  heat,  the  conditions  of  development  of  malaria  may  be  present  in 
great  intensity ;  although  there  is  not  only  no  marsh,  but  the  sand  is  to  all 
appearance  dry  and  pure. 

(6)  Animal  Matters. — The  remains  of  animals  are  found  in  all  but  the  oldest 
rocks;  generally  the  animal  constituents  have  disappeared,  but  it  is  re- 
markable how  in  some  cases,  even  in  geological  formations  as  old  as  the 
Tertiary  strata,  some  animal  matter  may  be  found.  On  the  surface  there  is 
perhaps  no  soil  which  does  not  contain  some  animal  matters  derived  from 
dead  animals  or  excreta,  although,  except  in  special  cases,  the  amount,  is 
small.  The  soil  of  countries  which  have  been  long  settled  is,  however,  often 
highly  impure  in  the  neighbourhood  of  habitations  from  the  refuse  (animal 
and  vegetable)  which  is  thrown  out.  In  some  loose  soils  cess-pits  used  for 
fifty  years  have  never  been  emptied,  and  are  still  not  full,  owing  to  soakage.^ 
Pettenkofer  conjectures  that  in  Munich  90  per  cent,  of  the  excretions  pass 

»  Op.  cU.,  p.  232.  a  A.  M.  D.  RepoH,  1885. 

3  Gdttisheim  iu  Basel  {.Das  unierirdiache  Basel,  1868). 
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into  the  ground.  In  clayey  soil  there  is,  of  course,  much  less  infiltration 
than  in  sandy,  and  often  scarcely  any.  In  India  the  nitrification  of  vast 
tracts  of  land  is  for  the  most  part  owing  to  the  oxidation  of  animal  refuse. 

A  means  of  purification  from  animal  impregnation  has  been,  however, 
provided  by  oxidation  and  the  influence  of  growing  vegetation.  In  all  soils, 
except  the  hottest  and  driest,  animal  refuse,  under  the  influence  of  minute 
fermenting  organisms,  passes  into  ammonia,  nitrites,  nitrates,  and  fatty 
hydrocarbons  rather  rapidly,  and  these  are  eagerly  absorbed  by  vegetation. 
A  means  is  therefore  pointed  out  which  may  keep  the  soil  clear  from 
dangerous  animal  impregnations,  and  this  is  no  doubt  one  reason  why 
improvement  in  public  health  follows  improved  cultivation.  It  has  become 
quite  clear  that  in  the  plans  for  the  disposal  of  the  human  and  animal 
excreta  of  towns,  whether  by  wet  or  dry  methods,  an  essential  part  of  the 
plan  is  to  submit  these  excreta  to  the  influence  of  growing  plants  as  soon 
as  possible. 

(c)  Mineral  Mattel's, — An  immense  number  of  mineral  substances  are 
scattered  through  the  crust  of  the  earth,  but  some  few  are  in  great  pre- 
ponderance, viz.,  compoimds  of  silicium,  aluminum,  calcium,  iron,  carbon, 
chlorine,  phosphorus,  potassium,  and  sodium,  combined  chiefly  with  oxygen. 

Influence  of  Geological  Conditions. — In  examining  the  constituents  of  the 
soil  round  any  dwellings,  the  immediate  local  conditions  are  of  more  im- 
portance than  the  extended  geological  generalisations ;  it  is,  so  to  speak,  the 
house  and  not  the  regional  geology  which  is  of  use.  Still  the  general  geolo- 
gical conditions,  as  influencing  conformation  and  the  movement  of  water  and 
air  through  and  over  the  country,  are  of  great  importance.  The  healthiness 
of  soil  depends  chiefly  on  these  four  factors : — (1)  considerable  slope,  so 
that  water  runS  off"  regularly,  and  the  air  is  dry ;  (2)  vegetation  not  exces- 
sive ;  (3)  absence  of  organic  emanations ;  (4)  purity  of  water  supply. 

Soils  in  order  of  Healthiness, 


Primitive  and  raeta- 
niorphic  rocks  (when 
un  weathered) 

Clayslate 

Millstone  grit.     Hard 

oolite  fomiationH 

Gravels  and  loose  sands, 
without  imperme- 
able subsoils 

Chalk  (not  marly) 


Sandstones  (old  and 
new) 

Limestones  (old  and 
new) 

Magnesian  limestone, 
dolomite,  &c 

Sands  with  imperme- 
able subsoils 

Clays,  marls,  mixture 
of  sand  and  clay, 
most  alluvial  soils... 

Marshes  (when  not 
peaty) 


Slope. 

Permeability 

Emanations 

Substances  into 

to  water. 
Slight. 

into  air. 

water. 

Great  usually. 

None. 

Few. 

Do. 

Do. 

Do. 

Do. 

Moderate. 

Do. 

Do. 

Do. 

Slight. 

Great. 

Slight. 

Variable. 

Moderate. 

Do. 

Do. 

Lime    salts ;  a  little 

Do. 

Variable,  but 

Do. 

magnesia. 
Variaole,  often  great; 

usually  con- 

alkaline and  earthy 

siderable. 

-^alts ;  organic  matter 

Considerable. 

Moderate. 

Do. 

Rather  considerable  ; 
lime  salts. 

Moderate. 

Do. 

Da 

Considerable ;    lime ; 

Slight. 

Arrested  by 

Considerable. 

Variable,  often  great ; 

subsoil 

alkaline  salts ;  some 
lime. 

Do. 

Slight. 

Do. 

Often  great ;  alkaline 
and  earthy  salts ; 
organic  matter. 

Do. 

Do. 

Do. 

Great ;  salts ;  organic 
matter. 

SOLID  CONSTITUENTS  OF  THE  SOIL.  17 

1.  The  Granitic^  Metamorphicy  and  Trap  Rocks, — Sites  on  these  forma- 
tions are  usually  healthy ;  the  slope  is  great,  water  runs  off  readily ;  the  air 
is  comparatively  dry ;  vegetation  is  not  excessive ;  marshes  and  malaria 
are  comparatively  infrequent,  and  few  impurities  pass  into  the  drinking 
water. 

When  these  rocks  have  been  weathered  and  disintegrated,  they  are 
supposed  to  be  unhealthy.  Such  soil  is  absorbent  of  water ;  and  the 
disintegrated  granite  of  Hong-Kong  is  said  to  be  rapidly  permeated  by  a 
fungus]^  but  evidence  as  to  the  effect  of  disintegrated  granite  or  trap  is 
really  wanting. 

In  Brazil  ^  the  syenite  becomes  coated  mth  a  dark  substance,  and  looks 
like  plumbago,  and  the  Indians  believe  this  gives  rise  to  "calentura,"  or 
fever.  The  dark  granitoid  or  metamorphic  trap  or  homblendic  rocks  in 
Mysore  are  also  said  to  cause  periodic  fevers ;  and  iron  hornblende  especially 
was  affirmed  by  Dr  Heyne  of  Madras  to  be  dangerous  in  this  respect.  But 
the  observations  of  Richter  ^  on  similar  rocks  in  Saxony,  and  the  fact  that 
stations  on  the  lower  spurs  of  the  Himalayas  on  such  rocks  are  quite 
healthy,  negative  Heyne's  opinion. 

2.  The  Clay  Slate, — These  rocks  precisely  resemble  the  granite  and 
granitoid  formations  in  their  effect  on  liealth.  They  have  usually  much 
slope  ;  are  very  impermeable ;  vegetation  is  scanty ;  and  nothing  is  added 
to  air  or  to  drinking  water. 

They  are  consequently  healthy.  Water,  however,  is  often  scarce ;  and, 
as  in  the  granite  districts,  there  are  swollen  brooks  during  rain,  and  dry 
water-courses  at  other  times,  swelling  rapidly  after  rains. 

3.  The  Sandstones, — The  permeable  sandstones  are  very  healthy;  both 
soil  and  air  are  dry ;  the  drinking  water  is,  however,  sometimes  impure, 
and  may  contain  large  quantities  of  chlorides,  especially  in  the  Xew  Rod 
Sandstone  when  rock  salt  abounds.  If  the  sand  be  mixed  mth  much  clay, 
or  if  clay  underlies  a  shallow  sand-rock,  the  site  is  sometimes  damp. 

4.  Carboniferous  Formations, — The  hard  millstone  grit  formations  are 
very  healthy,  and  their  conditions  resemble  those  of  granite.  The  drinking 
water  is  generally  pure  and  fairly  soft. 

5.  The  Limestone  and  Magnesian  Limestone  Rocks. — These  so  far  resemble 
the  former  that  there  is  a  good  deal  of  slope  and  rapid  passing  off  of  water. 
Marshes,  however,  are  more  common,  and  may  exist  at  great  heights.  In 
that  case  the  marsh  is  probably  fed  ^vith  water  from  some  of  the  large 
cavities,  which,  in  the  course  of  ages,  become  hollowed  out  in  the  limestone 
rocks  by  the  carbonic  acid  of  the  rain,  and  form  reservoirs  of  water. 

The  drinking  water  is  hard,  sparkling,  and  clear.  Of  the  various  kinds 
of  limestone,  the  hard  oolite  is  the  best,  and  magnesian  is  the  worst ;  and 
it  is  desirable  not  to  put  stations  on  magnesian  limestone  if  it  can  be 
avoided. 

6.  The  Chalk. — The  chalk,  when  unmixed  with  clay  and  permeable,  forms 
a  very  healthy  soil.  The  air  Ls  pure,  and  the  water,  though  cliarged  with 
calcium  carbonate,  is  clear,  sparkling,  and  pleasant.  Goitre  is  not  nearly 
80  common,  nor  apparently  calculus,  as  in  the  limestone  districts. 

If  the  chalk  be  marly,,  it  becomes  impermeable,  and  is  then  often  damp 
and  cold.  The  lower  parts  of  the  chalk,  which  are  underlaid  by  gault  clay, 
and  which  also  receive  the  drainage  of  the  parts  above,    are   often  very 


1  Ost.  AsienSy  von  C.  Friedel,  1868,  and  A,  M.  D.  Report,  1863. 
'  M*  Will  lams  on  Yellow  Fever  in  Brazil^  p.  7. 
»  SchmidVs  JahrbUcher,  1864,  No.  P,  p.  240. 


malarious ;  and  in  Aniorica  some  of  the  must  mtirshv  districts  aru  on 
chalk. 

7.  Gravch  of  aiiy  depth  are  ahvays  healthy,  except  when  they  ai^  mm 
below  the  geneml  surface,  and  water  rises  through  tliein.     Gravel  hill* 
are  the  healthiest  of  all   sites,  and  tlio  water,  which   often  flows    out    m 
springs  near  the  hase,  being  held  u|i  by  underlying  clay,  is  verj*  pure. 

8.  Sands, — There  are  botli  healthy  and  unheal  thy  sands.  Tlie  heidthy 
are  the  pure  ^mds,  wliieh  contmu  no  organic  matter  and  are  of  considerable 
depth.  Tlie  air  is  pure,  and  so  is  often  the  drinking  water.  Sometimes 
the  ikinking  water  conUiins  enough  iron  (a*  beenuie  hard,  and  even  chaly- 
beate. The  uidiealthy  sands  are  those  whicii,  like  the  subsoil  of  the 
I^ndes,  in  south-west  France,  are  eonifiosed  uf  siliceous  pai'ticlcs  (and  some 
iron)  held  together  l)y  a  vegetal>le  sediment. 

In  other  cases  sand  is  unhealthy^  from  miderlying  clay  or  laterite  near 
the  surface,  or  from  lieing  so  jjlaced  that  wat<T  rises  thn>ugh  its  }>erraeable 
soil  from  higher  levels.  Water  may  then  be  fomid  w  itliin  3  or  4  feet  of 
the  surface ;  and  in  this  case  the  sand  is  unhealthy  and  often  malarioua 
Impurities  are  reUiintnl  in  it,  and  ellluvia  travel  se  it. 

In  a  third  class  of  cases  the  sands  are  unitealthy  because  they  contain 
soluble  mineral  matter.  MiUiy  siinds  (jis,  for  exanifile^  ui  the  Punjab)  con- 
tain  much  magnesium  carbonate  and  lime  stdt^s^  as  well  as  sidLs  of  the 
alkalies.  The  drinking  water  may  thus  contain  large  quantities  of  s«>diiun 
chloride,  soilium  ciirhoujUeT  and  even  lime  ana  magnesian  salts  and  iron. 
Witliout  examination  of  the  water  it  is  ijuiKissilJe  ti*  detect  these  points. 

S>.  CI  ay  J  I}e?tsc  Marls,  and  A/fnvial  »Soils  fjenfraHi/.—Thv^e  are  always 
to  \ni  regarded  with  suspicion.  Water  neither  runs  otl'  nor  runs  through ; 
the  air  is  moist;  marshes  are  coimnun  ;  the  com}H>sition  of  tlie  w^at^r  rariee, 
but  it  is  oftcm  impure  with  lime  and  soda  milts.  In  alluvial  soils  there  arc 
often  alteniations  of  thin  strata  of  sand  and  sandy  inij>ermeal)le  clay; 
mnch  vegetable  matter  is  often  mbced  witli  this,  and  air  ami  water  are 
both  im|iure.  Vast  tracts  of  gronnd  in  Bengal  and  in  the  other  parts  of 
India,  along  the  course  of  the  gre^it  rivers  (tlie  tiiuige.s,  Bridimajaitra, 
Indus,  Kerbuihla,  Kri.^hna,  A:c.),  are  made  up  of  soils  i»f  this  descriiition, 
aiid  some  of  the  most  imprjrtant  stations  even  yp  coimtry,  such  m^  Ca\nj- 
jKire,  art^  jtlaced  on  such  sitc'S, 

Tlie  deltas  of  greiit  rivers  present  these  alluvial  characters  in  the  highest 
degree,  and  aliould  not  Ije  clii>sen  U^r  sites.  If  they  must  1k>  taken,  only 
the  most  tliorough  drainage  can  make  them  liealtliy.  It  is  astonishing, 
however,  what  g»>rxl  can  be  eJiected  by  the  firaiiiage  of  even  a  small  area, 
quite  insuMcieiit  to  affect  the  general  atnios|ihere  of  the  place ;  this  shows 
that  it  is  the  local  dampness  aiul  the  ellluvia  which  are  tlie  most  htirtfid. 

10,  Cultivated  jSW/«. — Well-cultivated  soils  are  often  healthy,  nor  at 
present  has  it  proved  that  the  use  of  manure  is  liurtfid.  Irngiited  lands, 
and  esp?cially  rice  tields,  w^hieh  not  only  give  a  gre^it  surface  for  evajKira- 
tion,  but  also  send  U|i  orgatnc  matt^^r  inU:*  the  air,  are  hurtfid.  In  Northern 
Italy,  where  there  is  a  very  perfect  system  of  irrigation,  the  rice  giMunds 
lire  ordered  to  be  kept  H  kilometres  (=8-7  miles)  from  the  chief  eitiee,  9 
kilometres  (  =  5"6  miles)  frrjin  the  lesser  cities  and  the  forts,  and  1  kilometre 
( ==  1094  yartls)  from  the  sriiall  towns,  Li  the  rice  ibstricts  of  India  this 
jKjint  should  not  1m*  overlooked. 

11.  Made  Soih.— The  inequalities  of  ground  which  is  to  l>e  built  upon 
aJT  tilled  up  with  whatx^ver  happens  to  l>e  avaOalile.  Very  often  the  refuse 
of  a  town,  the  cinders  or  dustnhea]>s,  after  being  raked  over  and  any  saleable 
part  being  removed,  are  used  for  this  purpose.     In  other  cases  chemical  or 
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factory  refuse  of  some  kind  is  employed.  TJie  anil  umler  a  Iiouse  is  tlius 
often  extremely  impure.  It  appetirs,  however,^  that  the  organic  matters  in 
soil  gradually  disappear  by  oxidation  and  removal  by  rain,  and  thus  a  soil  in 
time  purilies  itself.  The  length  of  time  in  which  this  occurs  will  necei?sarily 
depend  on  the  amount  of  im|mrity,  the  freedom  of  access  of  air,  and  the 
etise  with  which  wat4^»r  passes  through  the  soil  In  the  snil  at  Liverpool, 
made  from  cinder  refuse,  vegetnblii  matters  disappeai^d  in  alxjut  tliree  ye^ra ; 
tcxtde  fabrics  were,  however^  much  more  permanent ;  wckkI,  straw,  and  cloth 
were  rotten  and  partially  deciiyed  in  three  years,  l>ut  had  not  entirely  dis- 
appeared. In  any  made  soil,  it  should  lie  a  condition  that  the  transit  of 
irater  through  iU  outlet  from  the  soil  shall  he  unimpeded.  The  practice 
of  filling  up  inc»iualities  ii*  certainly,  in  many  cases,  very  objectionable,  and 
should  only  be  done  under  strict  sujiervision. 


I 


i 


SuB-SbCTION   V. — MlCR0-0RGA^'ISM8   IN   SoiL. 

It  has  for  some  years  been  known  that  ordinary  garden  soil  and  agricul- 
tund  Juimus  contained  large  numbers  of  micrtvorganisms  belungiug  to  the 
Sc'liiznuiycetf^s  and  other  allied  groups  of  the  lower  Fungi.  8chicesing  and 
Miintz  in  1877-78,  and  AVarington  about  the  .same  time,  showed  that  the 
process  of  nitri titration  that  takes  jilace  in  soils  is  a  fermentative  proce^ 
exeiU^d  and  carried  on  through  the  agency  of  a  minute  organism,  just  as 
ordinary  fermentation  is  earned  on  by  tortUa,  Jliquel  in  1879  attempted 
to  eistimate  the  number  of  geruLS  present  in  soils  of  ditferent  kintls,  8ince 
then,  Koih,  Fraenkel,  Ai'nould,  and  other  observers  have  pursued  the  sub- 
ject, which  opens  out  a  hirge  held  for  investigHtion  of  great  imiwrtance : 
the.se  rejsearche^  have  yielded  results  fri>m  which  some  ciaielusions  may  be 
drawn,  though  at  the  present  stage  of  the  inquiry  this  should  oidy  be  done 
with  caution, 

Thu  existtmce  of  niiero-organisms  in  soil  is  not  surprising,  when  one  con- 
eiders  that  in  many  kinds  of  ortlinary  soil  all  the  conditions  oecL'ssary  for 
their  growtli  and  muUiphcation  are  present,  a  supply  of  nutritive  sidxstance 
derived  from  the  decomposition  of  organic  matter,  with  moisture,  access  of 
air,  and  a  suitjdde  tempemture.  All  of  these  conditions  are  commonly 
foimd  in  the  superficial  mucli  more  than  in  the  deeper  layers  of  the  soil,  and 
it  is  accordingly  in  the  fonner  rather  than  in  the  latter  tlmt  micmbcs  are 
found  to  exist  in  the  greater  numbers:  below  12  to  15  feet  in  depth  they 
are  rarely  met  with.  The  greater  the  organic  fiollutiou  of  the  soil,  the 
greater  tlie  number  of  microbes  present ;  the  most  suitalde  conditions  of 
moisture  and  t^miperature  no  doubt  vart'  in  regsiixl  to  different  species, 
neitlier  dryness  nor  complet-e  saturation,  nor  the  extrem«-'s  of  heat  ami  cold, 
being  favourable  to  the  development  of  any  fonns  at  presimt  investigated. 
Tlu'  actual  numbers  of  germs  foi^ind,  or  calculated,  by  different  observers 
vary  very  considerably,  and  are  perhaps  nf  n<jt  much  importance,  but  there 
is  a  pretty  general  agreement  in  regard  t^i  these  two  points:  (1)  the  larger 
tbe  am*>unt  of  organic  matter  in  the  soil,  the  greater  the  number  of  micro- 
organisms;  (2)  whatin^er  the  nature  of  the  soil,  the  number  of  micro-organ- 
i«ms  diminishes  as  tJie  dejdh  inci^nses. 

The  foruis  that  have  been  found  U^  \w  present  in  soil  are  micnK."ucci  and 
"bacilh  (all  rml  forms  being  included  in  the  latter  term) ;  of  tliese  the  micro- 
c<x;<:i  are  generally  less  prevalent  than  bacilli  ;  as  a  rule  tliese  latter  exist  in 


1 80e  Report  ou  the  UtaUh  o/Lwerpool,  by  Dr  Bunion  Sftudecsoii  oatl  tbe  ktc  Dr  Purke^, 
p.  9  d  acq. 
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the  frirm  of  spores,  aiid  not  in  the  fiiUy  develoijed  state.  The  whole  gron^ 
may  he  divided  int-*)  the  two  sections  of  Saprt/pht/tes  and  Puthogenic  organ- 
isms. The  former  probahly  inehnles  a  large  nnniher  of  species,  whicli  up  tri 
the  present  have  not  been  differentiated  ;  according  to  Aniould,  no  nioiv 
^jrecise  distinction  ciin  he  vlrawn  than  l>etween  the  bacteria,^  which  ojcuUse^ 
jfcxd  those  that  dt-oxidim  or  rt'dufe.  Of  these  the  Ltxidlsers  are  the  most 
nnmeroiis  and  imp«>itant,  including  those  through  whitse  agency  the  proce^is 
of  nitrifieiititin  hikes  |»ltice  ]  this,  though  originally  supposed  to  be  the  work 
of  one  8peiilic  "nitrifying  ferment,"  is  in  all  proltability  eiFeetwl  by  several 
different  forms,  not  as  yet  distinguished  from  aich  other  by  specific  char- 
acters. The  buiyrk  ferment  of  Pa.Htenr  (Clogfrt/dfum  bniyricum\  which  m 
a  reducing  bacterium,  is  Hkewise  now  consideretl  Uy  be  not  one  but  sevei'al 
sp€cies ;  other  obser%Tr8  have  deacril>ed  other  reducing  forms.  Possibly  the 
same  species  may  be  at  one  time  an  oxidiser,  at  another,  a  reducing  ferment 
(ibnould). 

Fatkogeiiic  niicro-orgtinisms  are  not^  as  a  rule,  propagated  in  soil,  because 
the  saprophyte.^  naturally  existing  therein  find  the  conditioni^  more  favour- 
able for  their  development,  and  overcome  the  pathogenic  species  in  the 
struggle  for  exif^tence,  Koch  ami  others  have  tried  to  cultivate  Bacillta 
antkrads  in  various  kinds  of  soil,  but  with< ait  success ;  in  soil  |;>revioualy 
sterilised,  however,  tliis  species  has  been  made  to  undergo  development,  the 
conditinns  obviously  being  very  different  from  those  that  exist  under  any 
natural  eircumstances.  Flugge  considers  that  on  the  surface  of  the  soil 
i»athogenic  bacilli  may  find  such  conditions  of  moisture  and  temperatiire  as  are 
favourable  to  their  germination  and  the  procbu^tion  of  new  bacilli ;  hut  that 
they  wdl  speedily  cease  to  exist,  the  vegetative  form  beiug  easily  overcome 
by  sajirophytes.  The  deeper  layers  of  the  soil,  on  the  other  hand,  are  favour- 
able for  the  pre>*i!er\'ation  of  the  spores  of  pathogenic  organisms,  though  not 
for  their  multiplication  ;  it  is  because  they  do  nut  develop,  but  remain  in 
tlie  spore  form,  the  temperature  antl  other  surrounding  circumstances  being 
unsuitid'le  ttj  germination,  that  they  are  preserver!,  vitality  being  main- 
tained, though  dormant,  Pasteur  and  bis  colleagues  have  proved  the  pres- 
ence of  Bacilius  antkracis  in  soil  where  animals  dead  from  Charbon  hiul 
been  Ijuried  thrre^  and  even  twelve  ye^irs  previously ;  Pa^^teur  considem  that 
earthworms  jilay  an  imjiortant  part  in  bringing  tlie  spores  to  the*  surface  of 
the  gi'camd.  The  Ijucilius  i>f  Malignant  ctdema  has  been  fomid  by  Pasteur, 
Ko(  h,  and  others  in  garden  soil.  The  reputed  specific  bacilli  of  tetanuB, 
enteric  fever,  and  pneumonia  are  also  said  to  have  been  found  in  soO,  but 
fiu'ther  ctinfirmation  of  these  observations  is  required.  Bacillus  maiaricp^ 
aecoi-ding  to  Klcbs  a  nil  Tom  masi-C  rude  li  the  8j»ecific  cause  of  par^jxysmal 
fevers,  npjK'ars  from  later  researches  not  to  have  such  a  distinct  causal  con- 
nection.  D,  I>.  Cunningham  fiiund  that  the  commadxticillus,  when  intro- 
ducevl  mUi  natural  soil,  speedily  disappeured  therefrom. 

The  most  imixartant  result  of  the  presence  of  inirro-organisms  in  soil  i\j\- 
pears  to  be  the  carrying  on  of  a  process  of  oxidation  of  the  de^id  oigunic 
matter  that  finds  its  way  into  the  ground,  the  pnx'css  of  nih^^ncaiion  that 
has  already  been  alluded  t<i ;  the  nitrogen  of  organic  Ixidit-s  is  first  turned 
int*>  ammonin,  and  tins  is  successively  changed  into  nitrites  ami  nitrates. 
That  this  action  was  due  to  some  propi^rty  residing  in  the  soil  itself  was 
shown  by  the  experiment  <  >f  Schla'sing ;  if  a  weak  solution  of  annnonia  is 
applied  to  a  mixture  of  calcined  sjind  and  ehiUk  and  freely  exposed  to  the 
air,  lio  oxidation  will  take  place,  even  after  several  weeks ;  if  then  a  morsel 
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of  garden  soil  be  added,  in  a  few  days  nitrites  and  nitrates  will  be  detected. 
This  action  is  entirely  arrested  by  the  introduction  into  the  soil  of  vapour 
of  chloroform,  which  paralyses  all  fermentative  organisms.  Hoppe-Seyler, 
Fleck,  and  other  observers  consider  the  process  to  be  a  purely  chemical  one, 
not  needing  the  presence  of  any  living  agent ;  but  the  fermentative  theory, 
promulgated  by  Schloesing  and  Muntz  and  Warington,  has  the  sanction  of 
WoUny,  Fodor,  Soyka,  and  others.  The  nitrifying  power  of  different  soils 
varies  very  considerably,  depending  partly  on  the  nature  of  the  soil  itseflf, 
partly  on  the  amount  of  ferment  present  (this  in  turn  depending  both  on 
the  number  and  nature  of  the  micro-organisms),  and  being  affected  also  by 
conditions  of  temperature  and  moisture.  It  appears  to  be  of  the  first  neces- 
sity that  the  soil  should  be  alkaline,  the  carbonates  of  potash  and  lime  being 
the  most  usual  constituents,  and  after  these,  lime  and  magnesia ;  a  quartz 
sand  without  lime  is  unfavourable  to  nitrification.  The  most  favourable 
temperature  is  37°  C.  (98** -5  F.)  The  soil  must  be  moist,  and  must  also  be 
penetrated  by  air ;  the  successful  purification  of  sewage  by  the  method  of 
intermittent  downward  filtration,  as  compared  with  filtration  from  below 
upwards,  depends  upon  this ;  by  the  latter  method  the  access  of  air  is  pre- 
vented and  nitrification  retarded.  Along  with  the  oxidation  of  nitrogenous 
organic  matter  into  nitric  acid  proceeds  the  oxidation  of  organic  carbon  into 
carbonic  acid,  the  one  action  being  in  fact  the  complement  of  the  other. 

Sub-Section  VI. — Malarious  Soils. 

Doubts  have  been  expressed  whether  those  paroxysmal  fevers,  which  are 
curable  by  quinine,  are  produced  either  by  telluric  effluvia,  or  by  substances 
passing  from  the  soil  into  the  drinking  water.  ^  The  evidence,  however, 
appears  conclusive  in  favour  of  both  these  modes  of  entrance  into  the 
body. 

As  regards  the  chemical  constituents  of  the  soil,  it  seems  pretty  clear  that 
the  mineral  matters  are  of  little  or  no  consequence.  Malaria  will  prevail  on 
chalk,  limestone,  sand,  and  even,  under  special  conditions,  on  granite  soils. 
In  all  likelihood  the  agent  will  prove  to  be  an  organism,  although  up 
to  the  present  time  no  decisive  evidence  has  been  obtained  that  would 
satisfactorily  discriminate  the  organism. ^ 

W.  North  ^  points  out  that  the  Roman  Campagna,  so  notorious  for  the 
extreme  prevalence  of  malaria,  is  by  no  means  a  plain  in  the  ordinary' 
acceptation  of  the  word,  but  is  broken  up  into  valleys,  into  which  run 
streams  liable  to  frequent  flooding  (and  depositing  large  quantities  of  silt) ; 
and  that  imderlying  the  surface  soil  there  is  frequently  an  almost  im- 
pervious layer  of  tufa,  full  of  saucer-like  depressions,  which  hold  water 
and  render  the  soil  with  which  they  are  filled  and  hidden,  wet  and  boggy. 

He  attributes  to  the  local  climatic  conditions,  produced  by  these  local 
peculiarities  of  configuration  of  the  soil,  the  prevalence  of  malaria,  which  is 
in  so  many  cases  limited  to  a  sharply  circumscribed  area. 

The  following  soils  have  been  known  to  cause  the  evolution  of  the  agent 
causing  periodical  fevers  in  the  malarious  zone : — 


1  On  these  questions  see  North,  "  Lectures  on  Malarial  Fevers,"  Brit,  Med.  J&ur.^  April 
28.  30,  and  May  7,  1887. 

a  According  to  R.  H.  Firth,  subsoil  water  has  little  to  do  with  the  presence  of  malaria  (at 
Mian  Mir),  which  depends  on  the  maximum  air  temperature,  rainfall,  C0«  in  soil,  and 
humidity  of  atmosphere,  together  with  minimum  daily  variation  in  soil  temperature.^ 
A.M.D.  Report,  ISS5. 

»  "  Lectures  on  Malarial  Fevers,"  by  W.  North,  B.M.J,,  1837. 


22 


SOILS. 


L  il/rt7'j!A^^,^Excopt  those  ¥rith  peaty  soils,  those  which  are  regTalarly 
overflowed  by  the  se4i  (and  Dot  occAsioDiilly  inuni!at4>il)^  jind  the  marshes  in 
the  scmthern  liemispher«  (Austnilia,  New  Zealand,  Kgw  Caledonia),  ami 
some  American  inarshf^s,  whitrh^  from  some  as  yet  unknown  eoudition,  do 
not  produce  malaria. 

The  chemical  characters  of  well-marked  marshes  are  a  large  percentage  of^ 
water,   but  no  flexwling;  a  large  amoimt  of  organic  matter  (10  to  45  per 
cent.)  with   variable  nuneral  constituents;  silicates  of  aluminum  ;  calciimi, 
magnc8iunij  and  alkaline  sulithates ;  calcium  carbonate ,  &e.     The  surface  is 
flat,  with  a  slight  drainage  ;  vegetation  is  generally  abundant 

The  analyses  of  the  worst  malarious  marshc^s  show  a  large  amount  of 
vegetable  organic  matter.  A  marsh  iii  Trinidad  gave  35  per  cent:  the 
middle  layer  in  the  Tuscan  Maremma  30  per  cent  The  organic  matter  ia 
made  up  of  liuuiicj  uhnic,  crenic,  and  apiH!renic  acids — all  Bubstances  which 
require  renewiMJ  investigiition  at  the  hands  oi  ehemista.  Veget^dtle  matter 
emlwdiled  in  the  soil  decomposes  very  slowly;  in  the  Tuscan  Maremma, 
which  must  have  existed  many  centuries,  if  not  thotisands  of  years,  many  of 
the  [tlant.s  are  still  un destroyed.  The  mIow  decomposition  is  much  aideti  by 
heat^  whiih  makes  the  soil  alk-'dine  from  ammonia  (Angus  iSmith),  and  re- 
tarded by  cold,  wliiih  makes  the  ground  acid,  especially  in  the  cajae  of 
peaty  soils. 

It  woiild  now  seem  tolerably  ceit-ain  thid  the  glowing  vegetation  covcriiig 
marshes  hns  nothing  to  do  with  the  development  of  malaria. 

2.  Allmnal  Soih, — Many  alluvial  soils,  cspeciaUy,  as  pointctl  out  hj^ 
Wenzel,^  those  most  recently  formed,  give  out  malaria^  although  they  a 
not  marshy.  It  is  to  he  presunu'd,  that  the  newest  alluvium  eontidns  moi 
organic  matters  and  ewdts  than  the  older  formations.  Many  alluvial  ^il« 
have  a  flat  surface,  a  bad  outfall,  ami  are  in  the  vicinity  of  streams  w^hich 
may  cause  great  variations  in  tin-  level  of  the  ground  water.  Mud  bunks 
also,  on  the  side  of  large  streams,  especiidJy  if  only  occasionally  coveretl 
with  water,  nmy  l>e  liighly  malariouB ;  and  this  is  tlie  case  also  with  deltas 
and  old  estunries. 

3.  The  soils  of  Tropical  VaUftjn^  Raviyie$,  NuUaJts. — In  many  cases  large 
quantitie^s  of  vegetable  matUT  collect  in  vidleys,  and,  if  there  is  any  narrr^w- 
ing  at  the  outlet  of  the  valley,  the  overflow  of  the  rains  may  be  impeilcLL 
Such  vuUeys  are  uften  very  malarious,  ajid  the  air  may  drift  ii[»  to  the 
height  of  several  hundred  feet. 

4.  Sand^  piaimj  especially  when  situated  at  the  foot  of  tropical  hill^  and 
covered  with  vegetntion,  as  in  the  case  of  the  **Terai"  at  the  base  of  some 
parts  of  the  Himalayan  range.  In  other  cases,  the  sandy  plains  are  at  a 
distince  from  hills,  and  are  apparently  dry,  and  not  much  subjected  to  the 
influence  of  variations  in  the  ground  water.  The  analysis  of  smdi  sand  has 
not  yet  lieen  properly  made,  but  two  conditions  seem  of  importance.  Home 
sands,  which  to  the  eye  appear  qnitr^  free  from  organic  admixture,  conUin 
much  organic  matter.  Faurt^  has  pointed  out  that  the  sandy  soil  of  the 
Lander  in  south-west  Fnuice  contdns  a  large  amount  of  organic  matter, 
whicli  is  slowly  decomposing,  and  i>tisseB  into  both  air  antl  water,  causing 
peri^xlical  fevers.  This  may  reasonably  be  conjectured  to  he  the  ciise  with 
other  malarious  sands.  Then,  umler  some  strnds,  a  few  feet  from  the 
surface,  there  is  clay,  and  the  sand  is  moist  from  evajx^ration.  Under  a 
great  heat  a  small  quantity  of  orgaidc  matter  may  thus  \hi  kept  in  a  state  of 
dbange.     This  is  especially  the  case  along  the  dried  beds  of  watercourses 


Qnotttd  hy  Hirarb,  oji,  cU.f  vol.  I  p*  MO, 
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and  torrents;  there  is  always  a  subterranean  stream,  and  the  soil  ia 
impregnated  with  vegetable  matter.  In  other  cases  the  sands  may  be  only 
malarious  during  rains,  when  the  upper  stratum  is  moist. 

5.  Certain  hard  rocks  (j^anitic  and  metamorphic),  especially  when 
weathered,  have  the  reputation  of  being  malarious ;  more  evidence  is  re- 
quired on  this  point.  As  Friedel  justly  remarks  of  Hong-Kong,  it  is  not 
the  disintegrated  granite,  per  se,  which  causes  the  fever,  but  the  soil  of  the 
woods  and  dells,  and  the  clefts  in  the  rocks,  which  is  derived  from  the 
granite,  and  soon  filled  with  a  cryptogamic  vegetation. 

The  magnesian  limestone  rocks  which  have  been  subjected  to  volcanic 
action  have  also  been  supposed  to  be  especially  malarious  (Kirk,  who 
instances  the  rocks  at  Sukkar),  but  the  evidence  has  not  been  yet  corro- 
borated. 

6.  Iron  Soils. — Sir  Ranald  Martin  has  directed  attention  to  the  fact  that 
many  reputed  malarious  soils  contain  a  large  proportion  of  iron.  Ko  good 
evidence  has  been  adduced  that  this  is  connected  with  malaria,  but  the 
point  requires  further  examination.  The  red  soil  from  Sierra  Leone,  which 
contains  more  than  30  per  cent,  of  oxides  of  iron,  shows  nothing  which  ap- 
pears likely  to  cause  malaria.^  The  peroxide  of  iron  is  a  strong  oxidising 
agent,  readily  yielding  oxygen  to  any  oxidisable  substance,  and  regaining 
oxygen  from  the  air.  It  may,  therefore,  assist  in  the  oxidation  of  vege- 
table matter  in  an  iron  soil.^ 

7.  In  certain  cases  attacks  of  paroxysmal  fever  have  arisen  from  quite 
localised  conditions  unconnected  with  soil,  which  seem,  however,  to  give 
some  clue  to  the  nature  of  the  process  which  may  go  on  in  malarious 
ground. 

Friedel^  mentions  that  in  the  Marine  Hospital  at  Swinemiinde,  near 
Stettin,  a  large  day-ward  was  used  for  convalescents.  As  soon  as  any  man 
had  been  in  this  ward  for  two  or  three  days,  he  got  a  bad  attack  of  tertian 
ague.  In  no  other  ward  did  this  occur,  and  the  origin  of  the  fever  was  a 
mystery,  imtil,  on  close  inspection,  a  large  rain  cask  full  of  rotten  leaves 
and  brushwood  was  found;  this  had  overflowed,  and  formed  a  stagnant 
marsh  of  4  to  6  square  feet  close  to  the  doors  and  windows  of  the  room, 
which  on  account  of  the  hot  weather  were  kept  open  at  night.  The  nature 
of  the  effluviiun  was  not  determined. 

SECTION  n. 

Sub-Sbction  I. — Examination  op  Soil. 

Mechanical  Condition  of  Soil. — The  degree  of  density,  friability,  and  pene- 
tration by  water  should  be  determined  both  in  the  surface  and  subsoil. 
Deep  holes,  6  to  12  feet,  should  be  dug,  and  water  poured  on  portions  of  the 
soil.     Holes  should  be  dug  after  rain,  and  the  depth  to  which  the  rain  has  j»^^^  .^ 
penetrated  observed.     In  this  way  the  amount  of  dryness,  the  water-level,  ^  ^^ .  ^ 
and  the  permeability  can  be  easily  ascertained.  ^     -^ 

1  Analysis  of  the  Red  Earth  of  Sierra  Leone,  by  Assistant-Surgeon  J.  A.  B.  Horton,  M.D., 
Army  Medical  Reports^  vol.  viii.  p.  333. 

»  The  surface  soil  of  the  Gold  Coast  (Connor's  Hill,  Cape  Coast  Castle)  has  also  been 
analysed  bv  Mr  J.  H.  Warden,  F.C.S.  {Indian  Medical  Service).  It  contained  only  8-28 
per  cent,  of  ferric  oxide  and  a  trace  of  ferrous  oxide  ;  the  oreanic  matter  was  only  4*4  per 
cent.  The  surface  soil  is  only  eight  inches  thick,  and  below  this  is  a  stratum  of  a  dark  red 
colour,  like  burnt  bricks,  probably  containing  more  iron.— ^rmy  Medical  Reports^  toL  zIt. 
p.  264. 

s  ObI.  Asienst  Berlin,  1863,  p.  336. 
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Tlie  snuiace  or  snljsoil  can  also  Le  meclmnically  analysed  l>y  taking  a 
weij^'hed  quantity  (100  gmnini^^s),  drying  it^  and  then  picking  out  all  the 
large  stones  and  weigliing  tluiin,  [»:ks.tii»g  tliruiigli  a  sieve  the  fine  particles, 
and  finally  separating  tht^  finc.Ht  particlos  from  the  coarser  by  niixing  %nth 
water,  alluwing  the  denser  particles  ti>  subside,  and  pouring  otf  the  finer 
suspended  particles.  The  weight  of  the  large  stones,  phus  tin-  weiglvt  of  the 
stones  in  tlie  sieve  and  of  the  ibied  coarser  particles,  dediiett^d  from  the 
total  weiglit^  give^  the  amount  of  the  finely  divided  suhMttince,  which  is 
probably  siheat^:!  of  aluniinum. 

Tern perat'ure,— The  temperature  at  a  de|ith  of  2  or  3  feet,  at  two  to  foxir 
o^cloek  in  the  afternoon,  would  be  an  iniiK)rtiint  point  ttJ  determine  in  the 
tropics,  and  also  the  temperature  in  early  mornmg.  At  present  such  ol>ser- 
vations,  though  very  easily  taken,  and  obvioujsly  very  instructive,  are  seldrun 
made,  although  a  commencement  in  that  direction  was  made  In  the  investiga- 
tions of  Messrs  Lewie  and  Cunningham  at  Calcutta.^  It  nngbt  also  be  use- 
ful to  take  a  uertiun  deiith  of  soil,  say  G  inehe^T  and,  placing  a  theiiutmieter 
in  it,  determine  the  height  L>f  the  thermometer  on  exposure  to  the  sim^s  rays 
for  a  given  time  at  a  certain  himr. 

Chemical  EA'aminution. — The  chemiciil  constituents  of  eoil  are,  of  course, 
as  numenuis  as  the  elements;  more  than  500  minerals  have  l>een  actuaUy 
named.  But  certain  sulxstimces  are  very  nire,  and,  for  tlie  physician,  the 
ehief  constitiientw  of  soils  are  the  following  substiincea  or  eomhinations  : — 
Sihca,  alumina,  lime,  iron,  nmgnesi%  chlorine,  carlionie  aeid,  pliosphoric 
acid,  sulphuric  acid,  idtric  acid,  A  few  simple  tcst*i  nvG  often  veiy  useful, 
if  we  are  mieertain  wliat  kind  of  rock  we  liave  to  deal  \vith.  Few  persons 
could  mistake  granite,  trap,  gneiss,  or  rocks  of  that  class,  or  clay-slat«  or 
crystalline  limestone.  But  fine  white  sandstonci?,  or  freestone,  or  even  fine 
mOlstonc  grit,  might  be  confounded  with  lime  rocks,  or  magnesian  lime- 
st<jne.  A  few  drops  of  hydrotdiloric  aeid  m  ill  often  settle  tlje  cpiestion,  as  it 
causes  effervescence  m  the  ealcimn  carbonate  and  magnesian  rocks.* 


I  Op.  cii.    See  also  a  paper  by  Surgeon  R.  E.  Firtli,  RRCS,,  A.M.B.  Rep^fi,  1885, 
^  It  may  Ik?  uwfiil  tn  give  (from  PageV  llawlhaok  af  Gevhigical  Tentts)  a  few  composiitioDS,, 
,  aHiI  to  define  a  few  of  llie  tomnjon  mliicTalogicAl  words  used  in  geologj' :— - 
I    QuarU. — CryRtaEised  Hllit'a. 
p     FeUpar, — Silica^  alumina  (aluminum  tri^ilieate),  potoi^li,  or  soda,  and  a  littk  lime,  mag* 

nesia^  auil  ferric  oxidtii|  arystollieeil  or  aiiiorphous. 
Mim* — SiUcH,  aluniina^  ferric  oxide,  and  |x)tajiyh,  or  magnesia,  or  lime,  or  lithiii, 
ChiofiU. — Mica,  but  with  less  silica  and  more  magnesia  and  iron. 
Granite. — Composed  of  quartz,  felsfiarj,  anii  niica. 
**?yri»»<«*— Same  as  grauite,  but  witli  horableiide  instead  of  mica. 
Syenitic  (/raw *7<*.— -Quartz,  felsimr,  mica,  and  tiomldende. 
Qttti^a, — Same  eienitints  as  granite,  but  the  crystals  of  quartz  and  felspar  are  l>roken  and 

indistinct, 
Hornblttidt.^A  mineral  entering  lai^ely  into  granite  and  trappean  rocks,  compowsd  of 

silica  (47  to  BO),  magnesia  (14  to  26),  lime  (7  to  14),  with  a  little  alumina,  iluorine,  and 

ft»rrous  oxide. 
Augitf, ^Like  honibleiide,  only  less  silica  (does  not  reiiist  acids). 
ffy/itrsUiene. — Like  augite,  only  with  very  little  lime  ;  it  contains  silica,  magnma,  andiron  ; 

resista  acidx. 
Oreetuitone. — Hard  gramtlar  crystalline  varitttiea  of  trap,  felspar,  and  hornblende,  or  fela|i&r 

and  augite.  ^_ 

JBflr^/r,— Augite  and  felttpar,  olivine,  iron  pyrites,  &c.  ^M 

Trti^K-  Tabnlar  greenstone  and  basalt.  ^| 

*ScAm(.  —  A  term  uj^plied  to  the  rocltB  mentioned  above,  wben  they  are  foliated  or  iplit  ttp  ■ 

into  irregular  platen. 
CZtfy'iS?ai<r.— Argillaceoiis  arenaceous  rocks,  with  more  or  leas  marked  cleavnge, 
LimeMoju. — All  varieties  of  hard  rocks*  couHisting  chietly  of  calcium  carbonate. 
Uo/i/«.— Limestone  made  up  of  small  rounded  gr&iu.s,  comimct  or  cryHtallinej,  like  the  roe  of 

a  liiih. 
rA;rt/A%— Soft  calcium  carbonate. 
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A  more  complete  examination  should  include  the  following  points  : — 

1.  Percentage  of  Water. — Take  10  grammes  of  a  fair  sample  of  soil,  and 
dry  at  a  heat  of  220"  F.  (104" '5  C);  weigh  again;  the  difference  is  water 
or  volatile  substance. 

2.  Percentage  of  Volatile  Matters  (including  Water),  destroyed  by  Incinera- 
tion.— Take  another  weighed  portion  of  soil,  and  incinerate  at  a  full  red 
heat;  recarbonate  with  ammoniiun  carbonate;  heat  to  expel  excess  of 
ammonia ;  dry  and  weigh. 

3.  Absorption  of  Water. — Place  the  dried  soil  in  a  still  atmosphere,  on  a 
plate  in  a  thin  layer,  and  reweigh  in  twenty-four  hours ;  the  increase  is  the 
absorbed  water.  An  equal  portion  of  pure  sand  should  be  treated  in  the 
same  way  as  a  standard.  It  would  be  well  to  note  the  humidity  of  the  air 
at  the  time. 

4.  Power  of  holding  Water. — Thoroughly  wet  100  grammes,  drain  off  water 
as  far  as  possible,  and  weigh ;  the  experiment  is,  however,  not  precise. 

5.  Substances  taken  up  by  Water. — This  is  important,  as  indicating  whether 
drinking  water  is  likely  to  become  contaminated.  Rub  thoroughly  10 
grammes  in  pure  cold  water,  filter,  and  test  for  organic  matter  by  chloride 
of  gold,  or  by  evaporation  and  careful  incineration ;  test  also  for  chlorine, 
sulphuric  acid,  lime,  alumina,  iron,  nitric  acid. 

6.  Substances  taken  up  by  Hydrochloric  Add. — While  water  takes  up 
alkaline  chlorides  and  sulphates,  nitrates,  &c.,  the  greater  part  of  the  lime, 
magnesia,  and  alumina  is  left  undissolved.  The  quantity  can  be  best  deter- 
mined by  solution  in  pure  hydrochloric  acid. 

(a)  To  40  grammes  of  the  soil  add  30  c.c.  of  pure  hydrochloric  acid,  and 
heat ;  note  effervescence.  Add  about  100  c.c.  of  water.  Digest  for  twelve 
hours.     Dry  and  weigh  the  imdissolved  portion. 

(6)  To  the  acid  solution  add  ammonia.  Alumina  and  oxide  of  iron  are 
thrown  down.     Dry  and  weigh  precipitate. 

(c)  To  the  solution  filtered  from  (6)  add  ammonium  oxalate.  Dry  ;  wash 
and  bum  the  calcium  oxalate.     Weigh  as  carbonate. 

{d)  To  the  solution  filtered  from  (c)  add  sodium   phosphate.     Collect; 


Magnesian  Limestone. — Any  limestone  containing  20  per  cent,  of  a  salt  of  magnesia,  fre- 
quently not  crystalliseiL 

Dolomite. — Cr>'stallise(l  magnesian  limestone. 

Kunkar. — A  term  used  in  India  to  denote  nodular  masses  of  impure  calcium  carbonate. 

Oypaum — /Ss^^ni^.— Calcium  sulphate. 

G'rarrf.— Water- worn  and  rounded  fragments  of  any  rock,  chiefly  quartz  ;  size,  from  a  pea 
to  a  hen's  egg. 

Sand. — Same,  only  particles  less  than  a  pea. 

&i7u2«^a?t«.— Consolidated  sand ;  the  ]:)articles  held  together  often  by  lime,  clay,  and  ferric 
oxide. 

Freestone. — Any  rock  which  can  be  cut  readUy  by  the  builder ;  usually  applied  to  sandstone. 

Millstone  Grit. — Hard  gritty  sandstone  of  the  carboniferous  series,  used  for  millstones. 
Grit  is  the  term  generally  used  when  the  particles  are  larger  and  sharper  than  in  onli- 
nary  sandstone. 

CZay.— Aluminum  silicate. 

Oreensand.  —Lower  portion  of  the  chalk  system  in  England  ;  sand  coloured  by  chloritous 
iron  silicate. 

Marl.— Lime  and  clay. 

Laterite.—A  term  much  used  in  India  to  denote  a  more  or  less  clayey  stratum  which  under- 
lies much  of  the  sand  in  Bengal,  some  narts  of  Burmah,  Bombay  presidency,  &c. 

Conglomerate. — Rocks  composed  of  consolidated  gravels  (i.e.,  the  fragments  water- worn  and 
rounded). 

Breccia.— Rocks  composecl  of  angular  (not  water-worn)  fragments  (volcanic  breccia,  osseous 
breccia,  calcareous  breccia). 

Shale.— K  term  applied  to  all  clayey  or  sandy  formations  with  lamination  ;  it  is  often  con- 
solidated and  hanlened  mud. 
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dry  and  weigh  (100  parts  of  the  precipitate  =  79  parts  of  magnesium  car- 
bonate) ;  or  determine  as  pyrophosphate. 

The  portion  insoluble  in  hydrochloric  acid  consists  of  quartz,  clay,  and 
silicates  of  aluminum,  iron,  calcium,  and  magnesium.  If  it  is  wi^ed  to 
examine  it  further,  it  should  be  fused  with  three  times  its  weight  of  scdiiim 
carbonate,  then  heated  with  dilute  hydrochloric  acid.  The  residue  is  silica. 
The  solution  may  contain  iron,  lime,  magnesia,  and  alumina.     Test  as  above. 

7.  Iron, — Iron  can  be  determined  by  the  potassium  dichromate,  or  by 
the  permanganate.  As  the  latter  solution  is  used  for  other  purposes,  it  is 
convenient  to  employ  it  in  this  case. 

Dissolve  10  grammes  of  the  soil  in  pure  hydrochloric  acid  free  from  iron 
by  aid  of  heat. 

Add  a  little  pure  zinc,  and  heat  to  convert  ferric  into  ferrous  salts.  Pour 
off  the  solution  from  the  zinc  that  is  still  undissolved,  and  determme 
iron  by  potassium  permanganate ;  i.e.^  heat  to  140**  F.  (60**  C.)  and  then  drop 
in  the  solution  of  pennanganate  till  a  permanent  but  slightly  pink  colour  is 
given.  1  c.c.  =  0*7  milligramme  of  pure  iron. ^  Or  the  colour  test  may  be 
used,  as  explained  under  Alum  in  Bread. 

The  Air  of  the  Soil  may  be  examined  for  carbon  dioxide  and  other  con- 
stituents, by  inserting  tubes  at  different  depths  in  the  soil  and  filling  a  jar  of 
known  capacity  by  means  of  an  aspirator.  The  examination  of  soil  air  can 
then  be  made  as  described  imder  Examination  of  Air. 

Microscopic  Examination. — Either  samples  of  the  soil  itself  may  be 
examined  microscopically,  and  by  admixture  with  gelatine  or  other  nutrient 
media,  or  a  known  quantity  (10  or  20  grammes)  may  be  well  mixed  with 
^  100  or  200  c.c.  of  sterilised  distilled  water,  then  allowed  to  settle,*  and  '5  c.c. 
)  or  1  c.c.  of  the  clear  fluid  drawn  off  with  a  sterilised  pipette,  and  used  for 
'>  making  plate  cultivations,  as  subsequently  described  under  the  head  of 
I  Examination  op  Water. 


Sub-Section  II. — Method  of  Examining  a  Locality  for 
Military  Purposes. 

A  place  should  be  seen  at  all  times  of  the  year,  in  the  wet  as  well  as  in 
the  dry  seasons,  in  the  autumn  and  winter  as  well  as  in  the  spring,  and  at 
night  as  well  as  by  day.  The  following  order  will  be  found  a  convenient 
one : — 

1.  Conformation, — Height  above  sea-level  and  elevation  of  hills  above 
the  plain.  (Determine  by  mercurial  barometer  or  aneroid,  or,  if  possible, 
get  the  heights  from  an  engineer.)  Angle  of  declivity  of  hills ;  amount  of 
hill  and  plain ;  number,  course,  and  characters  of  valleys  and  ravines  in 
hills  ;  dip  of  strata ;  geological  formation  ;  waterslieds  and  courses ;  exposure 
to  winds ;  direction,  amount  and  character  of  winds ;  simlight,  amount  and 
duration  ;  rain,  amount  and  frequency  ;  dust. 

2.  Composition. — Mineralogical  characters.  Presence  of  animal  or  vege- 
table substances ;  amount  and  characters. 

3.  Covering  of  soil  by  trees,  brushwood,  grass,  &c. 

4.  Points  for  special  Examination. — Amount  of  air  and  of  moisture  in 
soil.  Height  of  subsoil  water,  at  the  wettest  and  driest  seasons.  Changes 
in  level,  and  rapidity  of  change  of  subsoil  or  ground  water.  Direction  of 
subsoil  current.  Condition  of  vegetable  constituents ;  examination  of  sub- 
stances taken  up  by  water,  &c. 

1  See  Appendix  A. 


PREPARATION   OF  SITE   FOR  MILITARY  PURPOSES.  27 

Such  a  complete  examination  demands  time  and  apparatus,  but  it  is  quite 
necessary. 

A  fair  opinion  can  then  be  formed  ;  but  if  a  large  permanent  station  is  to 
be  erected,  it  is  always  desirable  to  recommend  that  a  temporary  station 
should  be  put  up  for  a  year,  and  an  intelligent  officer  should  be  selected  to 
observe  the  effect  on  health,  to  take  meteorological  observations,  and  to 
examine  the  water  at  different  times  of  the  year.  Sometimes  a  spot  more 
eligible  than  that  originally  chosen  may  be  found  within  a  short  distance, 
and  the  officer  should  be  instructed  to  keep  this  point  in  view. 

The  medical  officer  has  nothing  to  do  with  military  considerations  or  ques- 
tions of  supply,  butj  if  he  is  able  to  suggest  anything  for  the  information  of 
the  authorities,  he  should  of  course  do  so. 

The  opinion  of  Lind,  whose  large  experience  probably  surpassed  that  of 
his  contemporaries,  and  of  our  own  time,  should  be  remembered: — "The 
most  healthy  countries  in  the  world  contain  spots  of  ground  where  strangers 
are  subject  to  sickness.  There  is  hardly  to  be  found  any  large  extent  of 
continent,  or  even  any  island,  that  does  not  contain  some  places  where 
Europeans  may  enjoy  an  uninterrupted  state  of  health  during  all  seasons  of 
the  year.  "^ 

In  choosing  a  site  for  a  temporary  camp,  so  elaborate  an  examination  is 
not  possible.  But  as  far  as  possible  the  same  rules  should  be  attended  to. 
There  is,  however,  one  difference — in  a  permanent  station  water  can  be 
brought  from  some  distance ;  in  a  temporary  station  the  watei>supply  must 
be  near  at  hand,  and  something  must  be  given  up  for  this.^  The  banks  of 
rivers,  if  not  marshy,  may  be  chosen,  care  being  taken  to  assign  proper 
spots  for  watering,  washing,  &c.  A  river  with  marshy  banks  must  never 
be  chosen  in  any  climate,  except  for  the  most  imperative  military  reasons ; 
it  is  better  to  have  the  extra  labour  of  carrying  water  from  a  distance. 

A  site  under  trees  is  good  in  hot  countries,  but  brushwood  must  be  avoided. 

Sub-Skction  III. — Prepaeation  op  Site  foe  Military  Purposes. 

In  any  locality  intended  to  be  permanently  used,  the  ground  should  be 
drained  with  pipe  drains.  Even  in  the  driest  of  the  loose  soils  this  is  desir- 
able, especially  in  hot  climates,  where  the  rainfall  is  heavy.  In  imperme- 
able rocky  districts  it  is  less  necessary.  The  size,  depth,  and  distance  of 
the  drains  will  be  for  the  engineer  to  determine ;  but  generally  deep  drains 
(4  to  8  feet  in  depth,  and  12  to  18  feet  apart)  are  the  best.  If  there  is  no 
good  fall,  it  has  been  proposed  to  drain  into  deep  pits;  but  usually  an 
engineer  will  get  a  fall  without  such  an  expedient.  A  good  outfall,  how- 
ever, should  be  a  point  always  looked  to  in  choosing  a  station.  These  drains 
are  intended  to  carry  off  subsoil  water,  and  not  surface  water.  This  latter 
should  be  provided  for  by  shallow  drains  along  the  natural  outfalls  and 
valleys.  As  far  as  drainage  is  concerned,  we  have  then  to  provide  both  for 
surface  water,  and  for  the  water  which  passes  below  the  surface  into  the  soil 
and  subsoil. 

Brushwood  should  usually  be  cleared  away,  but  trees  left  until  time  is 
given  for  consideration.  In  clearing  away  brushwood,  the  ground  in  the 
tropics  should  be  disturbed  as  little  as  possible ;  and  if  it  can  be  done  all 
cleared  spots  should  be  soon  sown  with  grass.  Brushwood  should  not  be 
removed  from  a  n^arsh. 

1  Lind,  Diseases  qf  Europeans  in  Hot  ClimateSf  4th  edition,  p.  200. 

3  See  remarks  on  this  point,  in  the  Regulations  and  Instructions /or  Encampments^  p.  2. 
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In  erecting  the  buildings,  the  ground  should  be  excavated  as  little  as 
possible;  in  the  tropics  especially  hills  should  never  be  cut  away.  The 
surface  should  be  levelled,  holes  filled  in,  and  those  portions  of  the  surface, 
on  which  rain  can  fall  from  buildings,  well  paved,  with  good  side  gutters. 
Tliis  is  especially  necessary  in  the  tropics,  where  it  is  of  importance  to 
prevent  the  ground  under  buildings  from  becoming  damp;  but  the  same 
principles  apply  everywhere. 

The  rules  for  improving  the  healthiness  of  a  site  may  be  thus  sum- 
marised : — 

1.  Drain  subsoil  and  lower  the  level  of  the  ground  water. 

2.  Pave  under  houses,  so  as  to  prevent  the  air  from  rising  from  the 
ground. 

3.  Pave  or  cover  with  short  grass  all  ground  near  buildings  in  malarious 
districts. 

4.  Keep  the  soil  from  the  penetration  of  impurities  of  all  kinds  by  proper 
arrangements  for  carrying  away  rain,  surface,  and  house  water  and  house 
impurities. 

In  a  temporary  camp  so  much  cannot  be  done ;  but  even  here  it  is  desir- 
able to  trench  and  drain  as  much  as  possible.  It  not  imfrequently  happens 
in  war  that  a  camp  intended  to  stand  for  two  or  tliree  days  is  kept  up  for 
two  or  three  weeks,  or  even  montlis.  As  soon  as  it  is  clear  that  the  occupa- 
tion is  to  be  at  all  prolonged,  the  same  plans  should  be  adopted  as  in 
permanent  stations. 

The  great  point  is  to  carry  off  water  rapidly,  and  it  is  astonishing  what 
a  few  well-planned  surface  drains  will  do. 


CHAPTER  II. 
WATER. 

The  supply  of  wholesome  water  in  sufficient  quantity  is  a  fundamental 
sanitary  necessity.  Without  it  injury  to  health  inevitably  arises,  either 
simply  from  deficiency  of  quantity,  or  more  frequently  from  the  presence 
of  impurities.  In  all  sanitary  investigations,  the  question  of  the  water- 
supply  is  one  of  the  first  points  of  inquiry,  and  of  late  years  much  evidence 
has  been  obtained  of  the  frequency  with  which  diseases  are  introduced 
by  the  agency  of  water.  In  such  an  investigation,  if  the  headings  of  the 
sub-sections  of  this  chapter  are  followed,  and  the  facts  are  noted  under  each 
heading  in  order,  it  will  be  hardly  possible  to  overlook  any  condition  which 
may  have  aflPected  health.  The  order  of  investigation  would  be  as  follows: — 
Quantity  of  water  per  head ;  how  it  is  collected,  stored,  distributed ;  what 
is  its  composition;  is  it  wholesome  water  at  its  source  and  throughout, 
or  has  it  been  contaminated  at  any  point  of  its  distribution;  what  are 
the  effects  presumed  to  arise  from  it  ? 

SECTION  I. 

ON  THE  QUANTITY  AND  SUPPLY  OF  WATER. 

Sub-Section  I. — 1.  Quantity  of  Water  for  Healthy  Men. 

In  estimating  the  quantity  of  water  required  daily  for  each  person,  it  is 
necessary  to  allow  a  liberal  supply.  There  should  be  economy  and  avoidance 
of  waste ;  but  still,  any  error  in  supply  had  far  better  be  on  the  side  of 
excess.  In  England  many  poor  families,  either  from  the  difficulty  of 
obtaining  water,  or  of  getting  rid  of  it,  or  from  the  habits  of  uncleanliness 
thus  handed  down  from  father  to  son,  use  an  extremely  small  amount.  It 
would  be  quite  incorrect  to  take  this  amount  as  the  standard  for  the  com- 
munity at  large,  or  even  to  fix  the  smallest  quantity  which  will  just  suffice 
for  moderate  cleanliness.  It  is  almost  impossible  to  give  a  definition  of 
cleanliness,  nor  perhaps  is  it  necessary,  since  there  is  a  general  understand- 
ing of  what  is  meant. 

It  must  be  clearly  understootl  for  what  purposes  water  is  supplied.  It 
may  be  required  for  drinking,  cooking,  and  ablution  of  persons,  clothes, 
utensils,  and  houses ;  for  cleansing  of  closets,  sewers,  and  streets ;  for  the 
drinking  and  washing  of  animals,  washing  of  carriages  and  stables ;  for 
trade  purposes ;  for  extinguishing  fires ;  for  public  fountains  or  baths,  &c. 

In  towns  supplied  by  water  companies,  the  usual  mode  of  reckoning  is  to 
divide  the  total  daily  supply  in  gallons  by  the  total  population,  and  to  express 
the  amount  per  head  per  diem. 

Thus  in  1888  the  total  population  of  the  Metropolis  and  suburbs  was 
reckoned  at  5,486,665,  and  the  water  supplied  daily  by  all  the  eight  com- 
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meat,  &c.  of  his  food,  and  the  remainder  is  taken  in  some  form  of  liquid. 
There  are,  however,  wide  ranges  from  the  average.  Women  drink  rather 
less  than  men ;  children  drink,  of  course,  absolutely  less,  but  more  in  propor- 
tion to  their  bulk  than  adults.  The  rules  for  transport  vessels  allow  8  pints 
in,  and  6  out  of  the  tropics  for  cooking  and  drinking.  During  hot  weather 
and  great  exertion  a  man  will,  of  course,  drink  much  more.  In  stationary 
camps  the  minimum  daily  allowance  per  head  should  be  5  gallons  for  all 
purposes,  including  washing ;  on  desert  marches  the  quantity  has  been  on 
special  occasions  as  little  as  4  pints. 

In  some  experiments  made  for  the  War  Office  in  1866,  at  the  Richmond 
Barracks  in  Dublin  and  the  Anglesea  Barracks  in  Portsmouth,  the  amount 
of  the  different  items  of  the  domestic  supply  (excluding  latrines,  which  take 
5  gallons  per  head)  is  thus  given  : — 

Gallons  per 
soldier  daily. 
Cook-house,    ........  1 

Ablution  rooms  and  baths,     ......  4 

Cleaning  barracks,      .  .  .  2  '25 

Wash-house  and  married  people,        .  .  2  5 

975 

Dr  Parkes  measured  the  water  expended  in  several  cases  ;  the  following 
was  the  amount  used  by  a  man  in  the  middle  class,  who  may  be  taken  as 
a  fair  type  of  a  cleanly  man  belonging  to  a  fairly  clean  household  : — 


Cooking,  ....... 

Fluids  as  drink  (water,  tea,  coffee),      .... 

Ablution,  including  a  daily  sponge-bath,  which  took  2^  to  3  gals., 
Share  of  utensil  and  house-washing,    .... 

Share  of  clothes  (laundry)  washing,  estimated, 


Gallons  daily 
per  one  person. 

•75 
•33 
5 
3 
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These  results  are  tolerably  accordant  with  the  Dublin  experiments,  if  we 
remember  that  with  a  large  household  there  is  economy  of  water  in  washing 
utensils  and  clothes,  and  that  the  number  of  wives  and  children  in  a  regi- 
ment is  not  great.  In  poor  families,  who  draw  water  from  wells,  the  amount 
has  been  found  to  vary  from  2  to  4  gallons  per  head,  but  then  there  was 
certainly  not  perfect  cleanliness. 

Mr  Bateman  ^  states  that,  in  a  group  of  cottages  with  82  inmates,  the 
daily  average  amount  was  7^  gallons  per  head,  and  in  another  group  5 
gallons  per  head.  Dr  Letheby  found  in  the  poor  houses  in  the  city  of 
London  the  amomit  to  be  5  gallons. ^  In  experiments  in  model  lodging- 
houses,  Mr  Muir  sttites  that  7  gallons  daily  were  used.^  Mr  Easton,  in  his 
own  house  in  London,  found  he  used  about  12  gallons  per  head,  of  which 
about  5  were  for  closets,  leaving  7  for  other  uses ;  but  probably  the  laundry 
washing  was  not  included.  In  the  convict  prison  at  Portsmouth,  where 
there  are  water-closets,  and  each  prisoner  has  a  general  bath  once  a  week, 
the  amount  is  1 1  gallons  (Wilson). 

In  several  of  the  instances  just  referred  to,  it  may  be  questioned  whether 
the  amount  of  cleanliness  was  equal  to  what  would  be  expected  in  the 
higher  ranks.     In  most  instances  quoted  no  general  baths  were  used ;  but 

1  On  Constant  Water  Supply,  by  Messrs  Bateman,  Be^gs,  and  Rendlu,  1867. 

2  Jiep&rt  qftlie  East  London  Water  BUI  Committee,  1567,  Questions  2346  and  2847. 
8  Ibid,  p.  5. 
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it  is  now  becoming  so  common  in  England  to  have  bath-rooms  that  they 
are  often  put  even  in  eight-roomed  houses.  A  general  bath  for  an  adult 
requires,  with  the  smallest  adult  bath  (t.e.,  only  4  feet  long  and  1  foot 
9  inches  wide),  38  gallons,  and  many  baths  will  contain  50  to  60  gallons. 
A  good  shower-bath  will  deliver  3  to  6  gallons.  General  baths  uswi  only 
once  a  week  will  add  5  or  6  gallons  per  head  to  the  daily  consumption. 

We  may  safely  estimate  that  for  personal  and  domestic  use,  without 
baths,  12  gallons  per  head  daily  should  be  given  as  a  usual  minimum 
supply;  and  with  baths  and  perfect  cleanliness,  16  gallons  should  be 
allowed.  This  makes  no  allowance  for  water-closets  or  for  unavoidable 
waste.  If  from  want  of  supply  the  amount  of  water  must  be  limited, 
4  gallons  daily  i>er  head  for  adults  is  probably  the  least  amoimt  which 
ought  to  be  used,  and  in  this  case  there  could  not  be  daily  washing  of  the 
whole  body,  and  there  must  be  insufficient  change  of  underclothing. 

If  public  baths  are  used  the  amount  must  be  greatly  increased.  The 
largest  baths  the  world  has  seen,  those  of  Ancient  Rome,  demanded  a 
supply  of  water  so  great  as,  according  to  Leslie^s  calculations,  to  raise  the 
daily  average  per  head  to  at  least  300  gallons. 

Amount  for  Water-Closets. — The  old  arrangements  with  cisterns  allow  any 
(juautity  of  water  to  be  poured  down,  and  many  engineers  consider  that  the 
chief  waste  of  water  is  owing  to  water-closets.  In  some  districts,  by  atten- 
tion to  this  point,  the  consumption  has  been  greatly  reduced ;  in  Warwick 
from  22  to  15  gallons  per  head;  and  Warwick  is  entirely  a  water-closet 
town.^  It  has  not  yet  been  precisely  determined  what  quantity  shoidd  be 
allowed  for  water-closets.  Small  cisterns,  termed  water-waste  preventers, 
are  usually  put  up  in  towns  with  constant  water-supply,  which  give  only  a 
certain  limited  amount  each  time  the  closet  is  used.  The  usual  size  now  in 
use  holds  about  2  gallons ;  but  even  2  gallons  are  often  insufficient  to  keep 
the  pan  and  soil-pipe  perfectly  clean.  This  depends  a  good  deal  upon  the 
kind  of  closet  used.  The  water-waste  preventer  must  be  sometimes  allowed 
to  fill  again,  and  be  again  emptied.  Considering  also  that  some  persons  will 
use  the  closet  twice  daily  and  sometimes  oftener,  and  that  occasionally  more 
water  must  be  used  for  thoroughly  flushing  the  pan  and  soil-pipe,  6  gallons 
a  day  per  head  should  probably  be  allowed  for  closets.  In  this  particular 
instance  a  false  economy  in  the  use  of  water  is  most  undesirable.  Water 
latrines  require  less ;  the  amount  is  not  precisely  kno^vn ;  the  experiments 
of  the  Royal  Engineers  at  Dublin  give  an  average  of  5  gallons  per  head,  but 
it  is  considered  this  might  be  reduced. 

In  fixing  the  above  quantities,  viz.,  12  gallons  per  head  for  all  domestic 
purposes  except  general  baths  and  closets,  4  gallons  additional  for  general 
baths,  and  6  for  water-closets,  endeavours  have  been  made  to  base  them  upon 
facts,  and  they  are  probably  not  much  in  error.  It  is,  however,  necessary  to 
make  some  allowance  for  unavoidable  waste  within  the  premises,  and  for 
extra  supply  to  closets,  and  it  will  be  a  moderate  estimate  to  allow  3  gallons 
daily  per  head  for  this  purpose.     This  will  make  25  gallons. 

There  is  another  reason  for  believing  that  an  amount  of  about  25  gallons 
])er  head  should  pass  from  every  house  daily  into  sewers,  if  sewers  are  used. 
It  is  that  in  most  cases  this  quantity  seems  necessary  to  keep  the  sewers 
perfectly  clear,  though  in  some  cases,  no  doubt,  witli  a  well-arranged  and 
(constructed  sewerage,  a  less  amount  may  suffice.  But  the  complete  cleansing 
of  sewers  is  a  matter  of  such  fimdamental  importance  that  it  is  necessary  to 
tiike  the  safest  course.     Hitherto  much  water  has  nm  merely  to  waste. 

1  Wilson's  Handbook  of  Hygiene^  p.  160. 
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Amount  for  Animals. — From  experiments  conducted  in  some  cavalry 
stables  in  1866,  by  the  Royal  Engineers,  the  War  Office  authorities  have 
fixed  the  daily  supply  for  cavalry  horses  at  8  gallons,  and  for  artillery  horses 
at  10  gallons  per  horse.  This  is  to  include  washing  horses  and  carriages. 
The  amount  seems  rather  small.  Of  course  the  amount  that  horses  drink 
varies  as  much  as  in  the  case  of  men,  and  depends  on  food,  weather,  and 
exertion ;  but  if  a  horse  is  allowed  free  access  to  water  at  all  times,  and  this 
should  be  the  case,  he  will  drink  on  an  average  6  to  10  gallons,  and  at  times 
more.  In  the  month  of  October,  with  cool  weather,  a  horse  16  hands  high, 
doing  8  miles  a  day  carriage  work,  and  fed  on  com  and  hay,  was  found  to 
drink  7  J  gallons.  Another  carriage  horse  drank  nearly  the  same  amount 
In  a  stable  of  cavalry  horses  doing  very  little  work,  and  at  a  cool  time  of  the 
year,  the  amount  per  horse  was  found  to  be  6J  gallons.  Taking  a  horse  as 
weighing  1000  ft>  avoir.,  this  is  just  an  ounce  of  water  per  t)  weight  of  horse. 
The  amount  used  for  washing  was  3  gallons  daily.  In  hot  and  dirty  weather 
the  quantity  for  both  purposes  would  be  larger.  For  washing  a  horse 
requires  at  least  1^  gallons,  and  twice  this  amount  if  he  is  washed  twice  a 
day.  There  is  a  saving,  however,  if  grooms  wash  several  horses  in  the  same 
water.  It  is  difficult  to  say  how  much  is  used  for  carriage  washing.  On 
the  whole,  including  carriage  washing,  &c.,  16  gallons  per  horse  is  not  an 
excessive  amount.  A  cow  or  an  ox,  on  dry  food,  will  drink  6  or  8  gallons ; 
a  sheep  or  pig,  J  to  1  gallon.  In  the  Abyssinian  expedition,  the  following 
was  the  calculation  for  the  daily  expenditure  of  water  per  head  on  ship- 
board: — 


ElephaDts,        .... 

25  gallons. 

Camels,            .... 

10       „ 

Oxen  (large  draught),  . 

6      „ 

Oxen  (small  pack  animals),      . 

6      „ 

Horses,           .... 

6       „ 

Mules  and  ponies,        .            .            .            . 

6       „ 

For  20  elephants  and  100  men,  50,000  gallons  were  put  on  board  for  a 
voyage  of  60  days.^  For  camels  on  boaiS  ship  8  gallons,  and  on  land  15 
gallons  are  required  per  day  (Wolseley).  F.  Smith  found,  from  experi- 
ments in  India,  that  a  horse  in  the  month  of  February  consumed  on  an 
average  8  J  gallons  daily ;  this  accords  with  Dr  Parkes's  experiments  at  home ; 
of  course,  in  hot  weather  the  amount  woidd  be  greater.  ^ 

AmovnU  required  for  Municipal  and  Trade  Purposes, — For  municipal  pur- 
poses water  is  taken  for  washing  and  watering  streets,  for  fountains,  for  extin- 
guishing fires,  &c.  The  amount  for  these  and  for  trade  purposes  will  vary 
greatly.  Professor  Rankine,^  who  gives  an  average  allowance  of  1 0  gallons  per 
head  for  domestic  purposes,  proposes  10  more  for  trade  and  town  use  in  non- 
manufacturing  towns,  and  another  10  gallons  in  manufacturing  towns. 
Considering,  however,  the  comparatively  small  number  of  horses  and  cows 
in  towns  as  compared  with  the  human  population,  and  the  frequent  rains  in 
this  coimtry,  which  lessen  watering  of  streets,  the  two  latter  quantities  might, 
perhaps,  in  most  cases  be  halved.  Rawlinson  considers  20  gallons  per  head 
in  manufacturing  towns  is  sufficient  as  a  minimum. 


1  This  infonnation  was  derived  from  Major  Holland,  Assistant  Quartermaster-General, 
Abyssinian  Army. 
»  A  Manual  of  Veterinary  Hygiene,  by  Fred  Smith,  M.R.C.V.S.,  p.  2,  London,  1887. 
»  CivU  Engineering,  1862,  p.  731. 
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If,  now,  the  total  daily  amount  for  all  purposes  be  stated  per  head  of 
population,  it  will  be  as  follows : — 


Domestic  supply  (without  baths  or  closets),  .            .            .            .  12 

Add  for  general  Inths,           ......  4 

Water-closets,            .......  6 

ITnaYoidable  waste,     .......  3 

Total  house  supply,         .  .  .  .  .  •  25 

Town  and  trade  purposes,  animals  in  non-manufacturing  towns,  5 

Add  for  exceptional  manufacturing  towns,    ....  5 

35 

In  India  and  hot  countries  generally,  the  amounts  now  laid  down  woidd 
have  to  be  altered.  Much  more  must  be  allowed  for  bathing  and  for  wash- 
ing generally,  while  a  fresh  demand  would  arise  for  water  to  cool  mats^ 
punkahs,  or  air-passages  by  evaporation.  In  Calcutta  the  supply  for  a 
population  of  433,219  is  37  gallons  of  filtered,  and  5-8  unfiltered  water,  in 
all  42-8  gallons  per  head  per  day.  In  Madras,  in  1887,  the  consumption  was 
about  18  gallons,  and  in  1888  about  16  gallons  daily  per  head,  the  supply 
being  somewhat  restricted.^ 

2.  Amount  requirbd  for  Sick  Men. 

In  hospitals  a  much  larger  quantity  must  be  provided,  as  there  is  so  much 
more  washing  and  bathing.  From  40  to  50  gallons  per  head  are  often  used. 
There  are  no  good  experiments  as  to  the  items  of  the  consumption,  but  the 
following  is  probably  near  the  truth : — 

Qallons  dally. 
For  drinking  and  cooking,  washing  kitchen  and  utensils,  2  to    4 


For  prsonai  washing  and  general  baths, 
For  laundry  washing, 
Washine  hospital,  utensils,  &c., 
Water-closets, 


18  „  20 
6  »  6 
8  „    6 

10  ,.  16 

38  „  51 


It  would  be  very  desirable  to  have  more  precise  data;  possibly  the 
amoimt  for  closets  is  put  too  high,  but  not  greatly  so  when  aU  cases  are 
taken  into  account. 

At  Netley  the  amoimt  per  head  per  diem  is  put  approximatively  at  56 
gallons  nL.ieut.-Col.  Nixon,  RE.).  At  Haslar  (R.N.)  the  quantity  is  the  same. 
At  the  Cambridge  Hospital,  Aldershot,  the  average  is  90 ;  Herbert  Hospital, 
Woolwich,  89.  In  some  of  the  Metropolitan  hospitals  there  is  singular 
diversity  in  the  quantities.  The  London  Hospital  expends  62  gallons  per 
head  per  diem,  but  they  have  a  laundry  on  the  premises ;  St  Thomas's  (no 
laundry),  no  less  than  99;  St  Bartholomew's  (no  laundry),  40  gallons; 
whereas  at  Guy's,  where  there  is  a  laundry,  but  where  special  care  is  taken 
to  check  unnecessary  waste,  only  20  are  used.  In  Glasgow  the  amoimts  are : 
Royal  Infirmary,  147  gallons ;  Western  Infirmary,  119 ;  Sick  Children's,  55 ; 
Belvidere  (infectious  diseases),  97,  daily.  At  the  Edinburgh  Royal  Infirmary 
water  is  supplied  free  by  Act  of  Parliament,  and  no  note  is  taken  of  delivery 
or  consumption. 

Sub-Section  II. — Collection,  Storage,  and  Distribution  of  Water. 

The  daily  necessary  quantity  of  water  per  head  being  determined,  the 
next  points  are  to  collect,  store,  and  distribute  it. 

^  Ji^aort  qf  Sanitary  Measures  in  India,  vol.  xzL,  1889,  pp.  138  and  158. 
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1.    CJOLLBOTION, 

n  nmny  (msee  coliections  of  water  occur  naturally  in  the  depreesiorm  of 
the  aiirface,  or  the  cnmmitigliiig  of  small  strr^ams  forms  rivers.  The  collec- 
tion hy  artificial  means  consists  almost  entirely  in  imitating  these  natural 
processes,  nnd  in  ilirecting  to,  ami  finally  aiTe^iting  at  some  point,  the  rain  or 
the  streamlet^**  furmeii  hy  the  rain.  The  arrangements  necessarily  differ  in 
eBch  case.  Rain-water  is  cnllectt^d  from  roofs^  or  occasionally  from  pave- 
ments and  flags,  or  cementeil  ground  ;  in  hiily  comitrieji,  with  deep  rjivinea, 
a  reservoir  is  sometimes  formed  l>y  ca^rrying  a  wall  across  a  valley  which  is 
well  placed  for  receiving  the  trihutary  waters  of  the  adjacent  hills,  or  on  a 
flatter  surface  trenches  may  be  arranged,  leading  finally  to  an  excavated 
tank. 

Tlje  colle<;tion  of  the  surface  water  which  has  not  penetrated  is  usually 
aimed  at,  but  it  has  been  proposed  by  Mr  liiiley-Denton  ^  to  collect  the 
subsoil  water  by  drabiage  pipes,  and  thus  to  accomplish  two  objects — to 
dry  the  land,  and  to  use  the  water  taken  out  of  it  Below  the  surface  the 
water  is  collected  by  wells — shallow,  deep,  ami  Artesian^ — or  by  borbig. 

With  respect  to  wells,  if  tbey  art^  situated  nrear  a  river,  and  do  not  pro 
dtice  sufficient  water,  it  has  been  recomiiieiuled  t«>  lay  perforated  earthen- 
ware pipes  parallel  to  the  river,  and  below  its  tinf>we^ither  level,  in  trenches 
not  leJ3s  than  6  feet  deep^  and  filled  up  al:»ove  the  pipes  with  fine  gravel. 
The  pipes  end  in  the  well,  und  water  passing  fn>m  the  river  and  filtered 
through  the  gitivel  passes  into  them.  The  American  tube-w^ell  (Norton's 
patent)  is  a  very  useful  invention.  It  is  merely  a  small  iron  pipe  driven 
into  the  ground  in  lengths  hy  means  uf  a  *'  monkey  *' ;  the  water  passes 
through  small  holes  in  the  lowest  part  of  the  pipe,  and  is  dniwu  up  by  a 
common  or  double  action  pump  according  to  the  depth*^ 

AU  tliese  matters  fall  within  the  province  of  the  engineer,  and  the 
medical  part  of  the  question  is  cliiefiy  restricted  t<3  the  consideration  of  the 
purity  of  the  water.  The  cleanHuess  and  ntiture  of  the  surface  on  which 
rain  falls;  the  kind  of  ground  and  of  cultivation;  the  amtnint  of  manuring; 
the  nature  of  the  sidxHoil  if  drainage  wati^^r  is  used,  and  points  of  the  like 
kind,  have  to  be  considered  and  supplemented  by  a  cherainal  examination. 

Eain. — -The  nmovtU  of  water  given  by  rain  can  Iw  easily  calculated^  if  two 
pctints  are  known,  viz.,  the  nmount  of  rainfall  and  the  area  of  the  receiving 
surface.  The  rainfall  can  only  be  determined  by  a  rain-gauge  (the  mode  of 
constnicting  which  is  given  in  the  chapter  on  I*ractigal  Meteorologv)  ; 
the  area  of  the  receiving  surface  must  be  me-asured.^* 

The  c4ilculation  may  be  much  simplified  hy  multiplying  the  area  of  receiv- 
ing surface  in  square  feet  by  half  the  rainfjill  in  inches,  the  result  is  in 
gallons ;  here  the  error  is  only  about  i  per  cvnt. 

To  calculate  the  receiving  surface  of  the  roof  of  a  house,  we  must  not  take 
finto  acconnt  the  slope  of  the  roof,  but  merely  ascertain  the  area  of  the 
i  spice  actually  covered  by  the  rtK)f .     The  joint  areas  of  the  ground-fioor 
rooms  will  l)e  something  less  than  the  area  of  the  roof,  which  also  covers  the 
thickness  of  the  walk  and  the  eaves. 


I  On  /A<r  Suufdy  o/  Water  to  ViP-- '  Farms,  by  Mr  Bailey-IHjiiton,  C.E. 

a  luthe  A<hAutee  Exixiditioti  1^  I  dirl  not  succued,  ^  it  got  clogged  with  Bood 

iQttSir  A.  1>.  Home's  EetWirt,  An'^  iUporU^  voL  Jtv.  \\  247). 

*  An>A  in  flquitre  fwt  x  144  x  rainfall  in  m^  lto*_„t^i^-„  f,^^  . 
. — -  ^^  ,^^  ouuiL  iee%  , 

Cubic  feet  K  6*23= giilloM. 
Cubic  inches  x  'O03d07=gallonit» 
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In  most  English  t^nvns  the  amount  of  roof  space  for  each  person  cannot 
he  estimated  liigher  than  GO  square  feet>  and  in  some  poor  districts  is  much 
leas.  Taking  the  rainfall  in  all  England  at  30  ijiches,  and  assuming  that  all 
is  saved,  and  that  there  is  no  loss  from  evaj^oration,  the  receiving  surface  for 
each  ]>erson  would  give  935  gallons,  or  2i  gallons  a  day.  But  as  few  town 
houses  have  any  reservoirs^  tlxis  quantity  runs  in  great  part  U)  waste  in  urlmn 
diatricta.  In  the  country  it  is  an  important  source  of  supply  heing  stored  in 
cisterns  or  water  hutts.  If,  instead  of  tlie  roof  of  a  house,  tlie  receiving  sur- 
face be  a  piece  of  land,  the  amount  may  be  calculated  hi  the  same  way.  It 
must  be  undei'stood,  however,  that  tliis  is  tlie  total  anioimt  reaching  the 
ground;  all  of  this  will  not  be  avidlalile  ;  some  will  sink  into  the  ground^ 
and  some  will  evajiorate ;  the  quantity  lost  in  tliia  ^vay  will  vary  with  the 
soil  and  the  season  from  the  one-half  to  seven-eigliths.  To  facilitate  these 
calculations,  tables  have  been  constructed  by  engineers^ 

One  inch  of  rain  delivers  4'673  gallons  on  every  square  yard,  or  22,617 
gallons  (101  tons  by  weight)  on  each  square  acre. 

In  estimating  the  annual  yield  of  wat*ir  from  rainfall,  and  the  yield  at  any 
one  time,  we  ought  tti  know  the  gi^atest  annual  rainfall,  the  least,  the 
average,  the  period  of  the  ytmr  when  it  falls,  and  the  length  of  the  rainless 
seaJBOn.  Hawksley  stittes  that  the  avenige  of  twenty  years,  Itss  one-third, 
gives  very  accurately  the  amount  of  rain  in  the  driest  year,  and  the  same 
average^  plus  one-third,  gives  very  mnirly  the  amount  in  the  wettest  year. 
The  average  of  the  tlu'ee  driest  years  is  a  safe  basis.  It  must  also  he  remem- 
bered that  the  amount  of  rainfall  differs  very  greatly  even  in  places  near 
together. 

SprinffSj  Jtivers, — It  will  often  he  a  matter  of  great  imjHirtance  to  deter- 
mine the  yield  of  springs  imd  small  rivers,  as  a  body  of  men  may  have  to  be 
plaee^l  for  some  time  in  a  particular  spot)  and  no  engineering  opiidon,  per- 
naps,  can  he  ohtjiined. 

A  spring  is  measured  most  easOy  by  receiving  the  water  into  a  vessel  of 
known  capacity,  and  timing  the  rate  of  hlhng.  The  spring  sliould  be  opened 
up  if  necessary,  and  the  vessel  sliould  lie  of  large  size.  The  vessel  may  be 
measured  either  by  Ming  it  first  by  means  of  a  known  (pint  or  gallon) 
measure,  or  by  gauging  it.  If  it  be  rciund  or  square,  it^  c^^pacity  c^in  be  at 
once  knowTtj  by  measuring  it,  and  using  the  rules  laid  down  in  the  chapter  - 
fi:*r  measuring  the  cubic  amount  of  air  in  rooms.  The  capacity  of  tlie  vessel 
in  cubic  feet  may  he  brought  into  gallons,  if  desirablej  by  multiplying  by 
6*23.^ 

"Wlien  it  is  required  to  ascertam  the  yield  of  any  small  water-course  with 
some  nicety,  it  is  the  practice  of  engineers  to  dam  up  tlie  whole  stream,  and 
convey  Uie  water  by  some  artificial  channel  of  known  dunensions. 

1  A  wo<:Klen  trotigh  of  a  certain  length,  in  which  tlie  depth  of  water  and 
the  time  w^hich  a  float  takes  to  pass  from  one  end  t<j  the  other  is  measured. 

2.  A  sluice  of  known  si^e,  Ln  which  the  diflerence  of  level  of  the  water 
above  and  below  the  sluice  is  measured.' 


I 


I 


1  Benrdmore's  Manual  qf  fffdrohgy,  p.  51  ;  sae  also  table  in  AppcDdix. 

2  Tf  a  tub  or  cask  only  be  proourahle.  and  if  there  h  no  iiint  or  gallon  mea-Hnre  at  hand,  the 
following  mk  miiy  be  ustsful :— Find  the  middle  diameter,  that  b  the  diameter  mJdwaT 
between  the  bnng  and  the  head,  wid  cull  it  M  ;  ht«id  fliameter  H  ;  bung  diameter  B  ;  IcngtJi 

J  Of  cask  L  ;  then  (H3-|-B«  +  4  M2)  x  LxO  0001721  wiU  «vu  tlie  (content  in  ^nWous.    These  and 
f  many  otber  nsefii]  cAlcuIations  can  be  v^tj  eonvenieotly  done  by  meanti  of  the  conmion  or  car- 
penter's slide-rtde, 

>  DiMharge  of  wafer  throuffh  a  duict^ — Multiply  breadth  of  opening  by  tiie  height ;  this 
gires  the  area  of  the  filoice, 
IHschargt^arm  multiplied  h^five  timet  the  aquarv  mot  qfhfead  qf  water  in  feet,— The  head 
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3.  A  weir  formed  by  a  plank  set  on  edge  in  which  a  rectangular  notch  is 
cut,  usually  one  foot  in  width ;  over  this  the  water  flows  in  a  thin  sheet, 
and  the  difference  of  level  is  measured  by  the  depth  of  the  water  as  it  flows  \  * 
over  the  notch.  Then  by  means  of  a  table  the  amount  of  water  delivered  /  La^ 
per  minute  is  read  off.  The  weir  must  be  formed  of  very  thin  board  and 
be  perfectly  level ;  a  plumb-line  has  generally  to  be  xiaed.^  This  plan  of 
measuring  the  yield  of  water-courses  is  the  one  now  most  generally  adopted 
by  engineers. 

The  same  object  may,  however,  be  attained  with  sufl&cient  accuracy  for 
the  purposes  of  the  medical  officer  by  selecting  a  portion  of  the  stream 
where  the  channel  is  pretty  uniform,  for  the  length  of,  say  not  less  than  12 
or  15  yards,  and  in  the  course  of  which  there  are  no  eddies.     Take  the 
breadth  and  the  average  depth  in  three  or  four  places,  to  obtain  the  sectional 
area.     Then,  dropping  in  a  chip  of  wood,  or  otiier  light  object,  notice  how    I   p 
long  it  takes  to  float  a  certain  distance  over  the  portion  of  channel  chosen.    \   '^  * 
From  this  can  be  got  the  surface  velocity  per  second,  which  is  greater  of 
course  than  the  bottom  or  the  mean  velocity.     Take  four-fifths  of  the  surface 
velocity   (being  nearly   the  proportion   of  mean  to  surface  velocity),  and  ( 
multiply  by  the  sectional  area.     The  result  will  be  the  yield  of  the  stream  ) 
per  second. 

It  may  sometimes  be  worth  while,  if  labour  be  at  hand,  to  remove  some 
of  the  irregularities  of  the  channel,  or  even  to  dig  a  new  one  across  the  neck 
of  a  bend  in  the  course  of  the  stream. 

The  yield  of  a  spring  or  small  river  should  be  determined  several  times, 
and  at  different  periods  of  the  day. 

Wells, — The  yields  of  wells  can  only  be  known  by  pumping  out  the  water 
to  a  certain  level  and  noticing  the  length  of  time  required  for  refilling.  In 
cases  of  copious  flow  of  water  a  steam-engine  is  necessary  to  make  any 
impression ;  but,  in  other  cases,  pumping  by  hand  or  horse  labour  may  be 
sufficient  perceptibly  to  depress  the  water,  and  then,  if  the  quantity  taken 
out  be  measured,  and  the  time  taken  for  refilling  the  well  be  noted,  an 
approximate  estimate  can  be  formed  of  the  yield. 

A  well  of  50  feet  in  depth,  or  less,  is  generally  regarded  as  a  shallow 
well ;  one  of  100  feet  or  more,  as  a  deep  well.^  Artesian  wells  (so  called 
from  having  been  first  sunk  in  the  province  of  Artois  in  France),  are  gen- 
erally of  great  depth,  passing  through  an  upper  impermeable  stratum,  e,g., 
clay,  and  penetrating  a  water-bearing  stratum,  which  crops  up  elsewhere  at 
some  higher  point,  and  below  which  is  another  impermeable  stratum. 
Ordinary  wells  are  sometimes  supplenxented  by  borings  to  increase  the 
supply. 

Permanence  of  Supply, — It  is  obvious  that  the  permanence  of  the  supply 


of  water  is  the  difference  of  level  of  the  water  above  and  below  the  dam  if  the  sluice  be  entirely 
under  the  lower  level ;  or  the  height  of  the  upper  level  above  the  centre  of  the  opening  if  the 
sluice  be  above  the  lower  level. 

*  Discharge  cf  wUer  over  a  toeir  one  foot  in  length.— \t  the  weir  is  more  or  less  than  a  foot, 
multiply  the  quantity  in  the  table  opposite  the  given  depth  by  the  length  of  the  weir  in  feet, 
or  decimals  of  a  foot  Thus  if  the  weir  measure  1  foot,  and  the  depth  of  water  falling  over  be 
2  inches,  the  delivery  is  read  at  once,  viz.,  18*63  cubic  feet,  or  84-9  gallons  per  minute. 


Depth  falling  Discharge  per 

over,  inches.  mlnnte. 

A  .  .       170  cubic  feet. 

1  4-82     „      „ 

IJ  .        8-84     „      „ 

2'  .  .      13-63     „      „ 


Depth  falling  Discharge  per 

over,  Inches.  minute. 

2^          .  .      1970  cubic  feet 

8  .26-62     „      „ 

^          .  .       83-22     „      „ 

4             .  .       4071     ..      „ 


3  Sixth  Report  qfthe  Riv,  Poll,  Commisnon,  p.  25. 
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of  a  spring  or  small  stream  may  often  be  of  the  greatest  moment  in 
case  of  an  eneampinent,  or  in  the  e^tablishiDeiit  of  a  permanent  station. 

In  the  first  place,  evident^e  should,  wheo  available,  be  obtained.  If  no 
evideiiee  can  be  got,  and  if  the  amount  und  period  of  niiii  be  not  known, 
it  is  almost  imfjossibie  to  arrive  at  any  safe  conclusiitn.  The  coimtry  wliich 
foniis  the  gathering  gromid  for  the  springs  or  rivers  should  Ije  considered. 
If  there  he  an  extensive  baekground  of  liills,  the  springs  towartis  the  foot 
of  tl>e  hills  will  probahly  he  permanent.  In  a  flat  e<>uiitry  the  peiinanency 
is  doubtful,  unless  there  he  some  e\^dence  from  the  temperature  of  tlie 
epring  that  the  water  comes  from  some  depth.  In  limestone  regions  springs 
are  often  fed  from  Bubterranean  reservoirs,  caused  by  the  gradual  solution 
of  tlie  rocks  by  the  water  charged  with  carbonic  acid  ;  and  such  springs  >ipt? 
very  permanent  In  the  chalk  districts  there  are  few  springs  or  streams, 
on  account  of  the  porosity  of  the  soil,  unless  at  tlie  point  the  level  be  con- 
flidembly  below  that  of  the  country  generally.  The  same  may  be  said  of 
the  sandstone  formations,  both  old  and  new ;  hut  deep  wells  in  the  sand- 
stone often  yield  largely,  as  the  permeable  rocks  form  a  vast  reservoir.  In 
f  the  granitic  and  trap  districts  smaM  streams  are  liable  to  great  variations, 
unless  fed  from  lake«;  springs  are  more  permanent  when  they  exists  being 
perhaps  fed  from  large  collections  or  lochs. 


2.  SroRi^OE. 

The  amount  of  storage  required  will  depend  on  two  circumstances,  viz,, 
the  amonnt  used  and  the  ease  of  re]ilenife!ihing.  It  is,  of  coui'se,  easy  to  calcu- 
late the  space  required  when  these  coinlitions  are  known,  in  this  way  ; — 
the  number  of  gall<*ns  re<[uired  daily  for  the  whole  population  must  be 
divided  by  G'23  trj  l>ring  into  cubic  feet^  and  multii^Hed  by  the  number  of 
days  wldch  the  storage  must  last;  the  ]iroduct  is  the  necessary  size  of  the 
reservoir  in  cubic  feet.     Hawksley's  formula  for  storage  is  as  follows: — 

1000  K 

D  =  ~^^i  where  F  equals  the  mean  annual  rainfall  in  ijiches,  say  ^of  aver- 

age  annual  yield ;  D  is  tlie  numlier  of  days'  supply  to  be  stored.    Thus,  with 

1000     1000 
a  rainfall  of  25  inches^  w*e  have  --t^=  ^^K~  ^  ^^^  <lays'  supply. 

Many  waters,  particularly  rain  water,  mii^t  lie  filtered  tlirough  sand  bafore 
they  pass  into  small  cisterns,  and  the  filter  should  he  cleaned  everj^  three  or 
four  months.  Fig,  1  is  a  single  filter  recommended  by  the  Barrack  Commia* 
fiioa^     A  double  filter  can  he  made  by  having  a  second  chaml>er. 

%\lmtever  be  the  siJEe  of  the  reservoir,  it  shotUd  he  kept  carefully  clean, 
and  no  possible  source  of  contfimination  should  he  permitted.  In  the  largo 
reservoirs  for  toMm  supply  tlie  water  is  sometimes  rendered  impure  by  floods 
washing  surface  refuse  into  them,  or  by  suliistances  l>eing  thrt^wn  iiL  In 
fact,  in  some  ca^es,  water  pure  at  it.^sriurce  becomes  imi>ure  in  the  reservoirs. 

Some  large  cities  were,  until  quite  recently,  supplied  prmcipahy  by  rain- 
water, as  Constantinople — wiien*  mider  the  houses  are  enormous  cistems^ 
— ^Venice,  and  other  places.  Gihnd.tar  and  Malta  are  in  part  supplied  in 
this  way. 

As  far  as  possible,  all  reservoii^  tanks,  &c.,  should  he  covered  in  and 

ventilated  ;  in  form  they  should  be  deep  mther  than  extended,  so  as  to  lessen 

I  evaporation  and  secure  eoolneaa     Though  they  ehould  he  periodicidly  and 


I 


^  ^€p<frt  on  the  MedUerranean  StatioM,  1863. 
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carefully  cleaned,  it  would  appem-  Lhiit  it  is  not  always  wLse  I^SBIftrb  water 
[►lants  which  may  Ix^  growing  in  tbeiii ;  some  plants,  as  Protomccu^,  Chara^ 
and  others,  give  out  a  very  large  amount  of  oxygen,  and  thus  oxidise  and 
render  innocuous  the  organic  matter  wLicli  may  be  dissolved  in  the  watt?! 
or  volatilised  from  the  ^niface,  Dr  Clievers  mentions  that  the  water  of 
some  tanks  wiueli  were  ordered  to  be  cleared  of  water  plants  by  Sir  Charles 


wMiimilii  ciwnHff  jkmf 


'Panrtng 


Xeuwl  of  Gtvmtd,^ 


Kapler  deteriorated  in  quality.  Other  plantn,  however,  as  some  species  of 
duckweed  {Lemna  at  home,  Fisiia  in  the  tntpics),  arc;  said  to  contain  an  acrid 
matter  which  they  give  off  Uy  the  water.  It  woold  be  well  to  remove  some 
of  the  plant,  place  it  in  pure  wator  in  a  glass  vessel,  and  try  by  experiment 
whether  tlie  amount  of  oi-ganic  matter  in  the  water  is  increased,  or  whether 
any  taste  is  given  to  the  water.  The  presence  of  Sf^me  of  the  Ifo$toc  family 
gived  rise  to  an  ctffensive  pig-pen  odour  when  decaying,^  Dead  vegetable 
matter  should  never  find  its  way  into,  or  at  any  rate  remain  in,  the  reservoir. 

Whenever  a  reservoir  is  so  large  that  it  cannot  be  covered  in,  a  second 
smaller  covered  tank,  capuble  of  holding  a  few  days'  supply,  raiglit  l>e  pro- 
videtl,  and  tlm  might  be  fitted  with  a  filter,  through  which  the  water  of  the 
large  reservoir  might  be  led  as  required. 

When  tanks  are  large  they  are  made  of  earth,  stone,  or  masonry  ;  if  mortar 
be  nsed  it  should,  as  in  the  case  of  the  smaller  reservoirsj  b©  hydraulic,  so 
that  it  may  not  lie  acted  on  hy  the  water. 

The  materials  of  small  reservoirs  and  cisterns  are  atone,  cement,  brick, 
slate,  tiles,  lead,  zinc,  and  iron.  Glass-lLued  wooden  ciatems  have  also  been 
prop<jeed.  Of  these^  slate  is  the  best,  but  it  is  rather  liable  to  leakage,  and 
must  be  set  in  good  cement  or  in  8j>enco's  metal ;  common  mortar  must  not 
be  used  for  stone  or  cement,  as  lime  is  taken  up  and  the  water  liecomes 
hard.*  Leaden  cisterns,  as  in  the  case  of  leaden  jiipm,  often  yield  lead  to 
water,  and  should  not  be  used  unless  protected.  Leaden  eistenis  are  cor- 
d  by  mud  4(r  mortar,  even  when  no  le^id  is  dissolved  in  the  water-  Iron 
ims  and  pipes  are  often  rapidly  eaten  away ;  they  are  now  sometimes 


1  Fvlow,  Suppltmenl  io  First  Annual  M^ort  qfStaU  Board  qf  IltuUh,  dr,t  qf  Matea- 
chwiftts,  1877,  p,  143. 
3  In  two  Qfutm  iu  Ireljuid  (nt  Beltiirbet  ftnd  Moiur^han)  Bo  mnoh  lime  wiui  taktio.  up  from 

ou  Hj'giuue,  Army  Medical  Heports,  vol.  six.  p.  170. 
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protected  by  being  covered  insid*^  with  Portland  cement  or  ivith  a  vit 
gliuEe.  Crease's  patent  cement  is  a  very  iisefol  covering,  Barii''s  process  of 
producing  the  magnetic  oxide  on  the  surface  of  iron  has  been  tried,  but 
seems  hanlly  so  successful  as  it  promised.     Galvaniscil  iron  tanks  are   also 

*  very  much  used.  Tliey  must  be  covered,  ami  in  India  be  protected  from 
the  BUn,  Zinc  has  been  recommended,  but  water  i^assing  tlirough  zinc 
pijjes,  or  kept  in  zinc  f^iils,  or  in  8o-calIe<l  giilvaiiised  iron  vessels,  may  pro- 
duce symptoms  of  metallic  poisoning,^  and  even  taate  strongly  of  zinc  salta, 

^especially  if  the  water  is  rich  in  nit  rates.  It  would  certainly  be  best  to 
abandon  lead,  zinc,  and  galvanised  iron  as  materials  for  cisterns,  as  much  as 
possible,  unless  we  are  sure  that  the  water  contains  no  substance  likely  to 
act  upon  the  metak  ^_ 

Cisterns  should  always  be  well  covered,  protected  as  much  as  possible  ^M 
from  l»oth  heat  and  light,  and  thorougldy  ventilat'Cd  if  they  are  of  any  size.  ^^ 
Care  should  always  be  tiikeii  tliat  there   is  no  chjince  of  leakage  of  pipes 
into  them.     A  common  source  of  contamination  is  an  overflow  i>iim  passing 
direct  into  a  sewer,  so  that  the  sewer  gases  pa^s  up,  aiiil,  Ijeing  confined  by 
the  cover  of  the  cistern,  are  absorbed  by  the  water  ;  to  prevent  tliis^  the   H 
overflow  pipe  is  curved  so  as  to  retain  a  little  water  and  form   a  trap,  but  ^ 
the  water  often  evaporates,  or  the  gases  force  their  way  tlirough  it ;  no 
overflow  jiipe  should  therefore  open  int*:)  a  sewer,  but  should  end  abotf^ 
ground  over  a  trapiwd  grating.^     A  cistern  supplying  a  water-closet  shoidd 
not  be  used  to  supply  cooking  and  diinking  water,  as  the  pipes  leading  to 
the  closet  often  conduct  closet  air  to  the  cistern.     Hence,  a  small  cistern 
( water- wasta  preventer)  should  be  used  for  each  closet.     Cisterns  should  be 
periotUeally  and  carefidly  inspected ;  and  in  every  new  building,  if  they  are 
placed  at  the  top  of  the  house,  convenient  means  of  access  should  be  pro- 
vided.    Tatdcs  to  hold  rain-water  require  constant  ins[>ection. 

Wells  (which  are  really  reservoirs)  are  very  lialile  to  contamination  from 
surface  washings  during  rains.  A  good  coping  will  often  prevent  this ;  but, 
if  tliere  is  much  suljsoil  soak  in  g»  covering  with  brickwork  set  in  cement  for 
a  suflicient  depth  to  arregt  the  flow  is  desirable. 


3.   DlSTRlBtrTION. 

When  houaes  are  removed  from  sources  of  water  the  supply  should  be  by 
aqueducts  and  jiipes.  The  distribution  by  Inmd  is  i-ude  and  objectionable, 
for  it  is  impossible  to  supply  the  proper  quantity,  and  the  risks  of  contami- 
nation are  increased.  Some  of  the  most  extraordinary  of  the  Roman  works 
in  botli  the  Eastern  and  Western  Empires  ivere  undertaken  for  the  supply 
of  water — works  wliose  ruins  excite  the  astonislmiont  and  should  rouse  the 
emulation  of  modern  nations. 

The  jjlans  for  the  distribution  of  water  should  include  arrangements  for 
the  easy  and  immediate  removal  of  dirty  wat^r.  This  is  an  essential  point, 
for  in  many  towns  where  houses  are  not  properly  arranged  for  small 
families,  there  are  no  means  of  getting  rid  of  water  from  the  upper  rooms, 
and  this  inconvonience  actually  limits  the  use  of  water,  even  when  its  supply 
is  ample. 

The  supply  of  water  to  houses  may  be  on  one  of  two  systems,  intermittent 

1  Dr  Onibomy  formerly  of  Bitteme,  saw  Beveral  cad<^  of  thlii  kind.  See  also  Downes, 
Saniiarjf  Record,  vol.  ix.  p.  333, 

*  For  an  iniitance  of  enteric  fev«r  pnxlaced  by  this  cause,  bm  Leeiurrs  on  Sf<ii€  MtdieinSf 
hv  F.  de  Chaumotit,  pp.  76,  77.    See  also  Dr  BUxaU'e  Report  on  Enteric  Fever  at  Ilkeatim  in 
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or  cofuiant.  The  diifererit:e  between  the  two  plans  i^,  tliat  in  the  first  case 
there  is  storage  in  the  houses  for  fi^jm  one  to  three  days ;  while  in  the 
hatter  case  there  is  either  no  storage,  or  it  is  only  on  a  very  small  scale  for 
two  purposes,  viz*,  for  water-closets  and  for  the  supply  of  kit<^hnn  boilers.* 
It  should,  however,  be  underst^xd  that  the  constant  sujiply  lias  not  always 
meant  lu  practice  an  unlimited  supply,  nor  has  it  been  the  case  that  the 
water  in  the  hous-^e-pipejs  ^  was  always  in  direct  communieation  with  the 
wtiter  in  the  reservoirs.  On  the  contrary,  the  water  tc»  the  honses  has  often 
been  cut  off,  particularly  in  places  where  the  supply  was  limited,  and  the 
fittings  not  go(jd,  and  where  there  wa^  great  waste. 

The  great  arguments  against  storage  on  the  premises  (except  on  a  limited 
scale  for  closets  and  boilers)  are  the  chances  of  contamination  in  cisterns, 
and  the  very  imperfect  means  of  storage,  wldch  is  especiaUy  the  case  in 
houses  occupied  hy  the  working  clniises. 

The  system  of  constant  supply,  in  sonic  shape  or  other,  has  now  been 
carried  out  in  a  largo  number  of  tovms  in  England  ;^  and  the  Metropolis 
Wat^er  Act  of  1871  ordered  constant  suj>ply  for  London,  if  demanded  by  the 
rat€^ payers,  and  if  i»roper  littings  are  provided. 

In  providing  a  constant  sujiply,  certain  precautions  are  necessary,  The 
fittings  must  be  as  perfect  as  possihlo.  In  some  eases,  when  the  system  has 
been  changed  from  the  intermittent  to  the  constant  system,  as  in  Chester, 
the  waste  of  water  was  so  gieat  that  the  old  plan  wtts  recurred  to.  But 
when  the  fittings  are  good  there  is  real  economy  in  the  constant  system, — as 
shown  in  the  comparison  between  Lincoln  and  Oxford,  and  hy  Hawksley's 
evidence  with  reference  U:*  Norwich.*  Common  taps  do  not  answer,  and  the 
best  screw  taps  ami  fittings  must  be  usecL^  To  j>revent  theft,  it  has  been 
proposed  to  make  the  removal  of  fittings  a  sjaecific  offence,  punished  sum- 
marily by  imprisonment,  and  to  placte  the  sale  of  such  profjcrty  under  the 
same  restrictions  as  in  the  ease  of  Crown  property. 

One  important  sanitary  advaiitjige  of  the  constant  system  is  that,  in  order 
to  facilitate  inspection  and  detection  of  waste,  no  waste  pipe  is  aDowed  to 
open  into  a  sewer,  but  it  is  always  so  placed  that  any  esc^ipe  of  water  can 
be  easily  seen  {the  so^alled  warning  pipe)-  The  great  evil  of  sewer  gases 
being  Conducted  hack  into  hotises  through  overHow  pipes  is  thus  avoided. 
Carefid  inspection  and  good  fittings  so  far  lessen  the  waste  of  the  constant  sys- 
tem, that  in  some  cases  less  water  is  used  than  under  the  intermittent  plan.*' 

Mr  G.  Deacon,  in  a  very  interesting  and  instructive  paper/  h^is  shown 
that  tlie  loss  on  the  constant  system  is  due  to  causes  over  which  the  con- 
siimer  has  generally  little  or  no  control,  and  that  it  occurs  for  the  most  part 
before  the  water  reaches  him.  It  arises  chielly  fnim  leaks  in  pipes,  drawn 
joints,  and  so  on,  and  up  to  lately  there  were  no  means  of  detecting  this  in 
a  way  practically  useful.  By  the  introduction  ui  las  water-waste  meter  this 
is  done  with  the  utmost  precision  and  accuracy,  su  that  in  Liverjiiool  the 


1  Mu<^b  valuable  evidence  an  th^*  conat&tit  supply  miiy  be  found  in  the  Rtport  qf  the  H^uu 
qf  Commons  Committee  on  the  KaM  London  Water  Bills,  1867* 

*  Tbo  terms  used  to  deacrilM?  the  pipe«  differ  a  little  apr>arently  ;  the  maiiis  and  district  or 
tub' initial  are  the  large  pip^s,  wbicfi  nra  always  full  of  waltr,  tbe  latter  bein^,  of  course,  tbo 
snudler ;  the  aervice-jiipti  is  another  term  for  u  district  iimin.  The  coirmiuaicatioii-pi|Mj  ia 
tbst  which  ruiui  from  the  fiervice-pifje  to  the  house,  tad  in  the  Uou(f*e  it  takes  tbe  name  of 


■  Mr  ABgg8*  Pamphlet,  On  Cvmiant  Water  Supply,  Mge  flO* 
<  See  Riport  qf  Aiders  Pollution  Cofnmwtion,  vol.  vl  p.  238, 
B  A  bad  hail -cock  baa  been  known  to  drop  12  gallons  a  day. 

«  Evidence  of  Mr  Gaiitoii  lu  tbe  liipori  qj  CQinmUtse  on  the  Bad  London  Water  Bilk,  1867. 
7  *'The  Constant  Supply  and  Wa^ite  of  Wat^r/*  by  George  F*  Deaoon,  M,  Itat.  C.IL» 
Journal  of  the  Society  q/AtU^  vol  xxx*  p.  738,  1882, 
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ex]H^ndittirc'  of  water  lias  b^jen  reUucerl  from  335  gallona  per  hfnd  pc^r  ( 
to  23.  Tlii^s  dotfs  not  mean  any  restrict  ion  tct  the  eousumer;  thc^  supply^ 
now  ab£kihiU5ly  constant,  und  the  use  unlimited.  But  iLineans  that  formerlj 
tlie  consumer  used  onJy  23  gidlona  at  the  oiitiside,  whilst  10  ^^allons  went  to 
pure  waste.  Mr  Louttit^  stated  that  the  I^mbeth  Wiiter  Company  was  able 
by  thiB  melius  to  reduce  their  expenditure  fr<im  35  "09  to  15*28  per  head. 
Tlie  general  waste  in  London  ai>|>i:uired  to  be  about  15  gallons  jier  head  out 
of  a  t4:ttal  of  alxiut  35.  4t  Bradford  during  1887  and  1888,  the  saving  was 
estimated  to  be  2,000^000  gallont*  per  diem.^  With  such  a  system  of  check* 
irig,  the  main  difficulties  of  a  constant  snji]iiy  seem  to  l>e  scdved,  even  if 
every  consimier  used  the  full  25  galloms  laid  dowm  in  this  work.  FurUier 
improvements  in  the  diix^ctiun  of  tletejcting  leakage  have  been  made  in 
Germany,  wliere  the  microphone  was  brought  usefully  into  play. 

If  the  consUmt  system  is  used,  a  gocnl  screw  stoi>cock,  available  to  the 
tenant,  sliuuJd  be  placed  at  the  point  of  entrance  of  the  pipe  into  the 
house,  so  that  tlie  water  may  he  turned  otT  if  pipes  burst,  or  to  allow  the 
pipes  to  he  empty,  as  during  frosl  E\'ery  precaution  must  be  taken  that 
impure  water  is  n(»t  drawn  into  the  pipes  by  a  pipe  being  emptied  and  suck- 
ing up  water  from  a  distance. 

For  the  supply  of  a  very  large  city,  it  iniglit  be  desimble  to  divide  the 
city  into  sections,  aiid  to  establish  a  reservoir  for  each  district,  holding  tliree 
or  four  days'  supply.  In  this  way  the  waste  of  one  section  would  not  take 
away  the  watc*r  from  another.  In  some  instances,  people  in  one  part  of  a 
t<jwn,  supplied  on  the  constant  system,  have  used  so  much  water  for  ganlens 
that  other  parts  have  been  altogether  deprived  of  supply.  The  system  of 
secondary  rejservoirs  wimld  not  only  lessen  this  chance,  but  would  make  it 
possible  to  ascertjitn  that  every  part  of  tlxe  town  was  getting  its  supply.  The 
number  of  water  companies  in  London  has  in  fact  somewiiat  this  elTectj  but 
tlie  sulxlivisitm  is  not  carried  hu:  enough. 

There  is  no  doubt  that  the  constant  system  is  the  safer,  especially  for 
poor  houses,  as  it  leaver  no  loophole  for  inattention  in  the  clea,nsing  of 
cisterns.  Only,  it  requires  that  the  constant  system  should  really  fulfil 
the  conditions  laid  down  for  it,  \'i2.,  it  should  deliver  sufficient  water  at  all 
times,  and  not  merely  delude  us  witii  a  phnLse. 

In  both  plans  the  water  is  conducted  from  the  reservoirs  in  pipes.  The 
pij>es  are  composed  of  iron,  stoneware,  or  masonry,  for  the  larger  pipes  or 
mains,  the  iron  being  sometimes  tinned  or  galvanised,  or  lined  with  concrete, 
or  jiitched,  or  covered  with  a  vitreous  glaze,  such  as  that  patented  by  De 
Lfivenant ;  for  the  smaller  pii>es,  iron,  leatl,  tin,  zinc,  tinned  coj>per,  earthen- 
ware, gutta  jiercha,  &c.,  are  used, 

Tlie  action  of  water  uiK»n  iron  pipes  appears  to  be  energetic  at  first,  but 
diminishes  fifter  a  little  time.  Several  pi-ocesses  have  been  pRjposed  for  the 
preservation  of  the  pipe  surface.  Baiffs  method  consists  in  raising  the 
temjieratnre  of  the  metal  Uj  jibout  1200*  F.^a  wliite  heat, — in  a  suitable 
chamber,  into  wliich  is  |iitssed  sujierliejited  steam ;  the  metal  is  exposed  t»> 
this  action  fi>r  several  hours,  and  becomes  coated  with  a  protective  oxide* 
Dr  Angus  *Smith  patented  a  pn^cess  for  coating  the  mterior  of  ir«>n  pipes 
with  a  varnish  of  pitch,  derived  horn  coal  tar ;  this  gives  a  disagreeable 
taste  to  the  water  for  a  time,  which  eventually  wears  off.     Sheet  iron  water- 


1  DbcQAsioQ  on  Mr  Di^uon'a  po-pei 
in  six  years  ending  March  3J,  1383, 


r.    Aceonibg  to  Sir  F.  Bolton,  In  the  Dunb^  district 
the  delivfn-  wtts  on  tbe  ftrenge  Sd'G  ;  in  th«  y^sr  <nidii^ 
Miipch  81,  1884,  it" WW  only  2&  86 ;  aud  later,  m  18S4,  on  the  oonstant  system,  it  Wti  — *-  ' 
20'fii»  but  F«quire<!  const;t.nt  inspectio(a. 
«  Mr  Bintiit;  in  JSanU4ity  Record^  1889. 
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pipes  lined  and  coated  with  hydraidic  cement  are  used  in  the  United  States, 
The  sheet  iron  is  formed  into  pipes  about  8  feet  long,  and  rivetted.  These 
are  then  lined  with  hydraulic  cement,  and  when  lined  are  enclosed  in  a  bed 
of  cement.^  Iron  is  the  best  material  for  the  larger  pipes,  and  it  is  also 
necessary  (steam-piping)  for  the  smaller  pipes  under  the  pressure  of  the 
constant  service  system. 

Water  should  be  distributed  not  only  to  every  house,  but  to  every  floor 
in  a  house.  If  this  is  not  done,  if  labour  is  scarce  in  the  houses  of  poor 
people,  the  water  is  used  several  times  ;  it  becomes  a  question  of  labour  and 
trouble  versus  cleanliness  and  health,  and  the  latter  too  often  give  way. 
Means  must  also  be  devised  for  the  speedy  removal  of  dirty  water  from 
houses  for  the  same  reasons.  In  fact,  houses  let  out  in  lodgings  should  be 
looked  upon,  not  as  single  houses,  but  as  a  collection  of  dwellings,  as  they 
really  are. 

Sub-Sbotion  ni. — Action  of  Water  on  T.icAn  Pipes. 

There  are  more  discrepancies  of  opinion  on  this  subject  than  might  have 
been  anticipated.^ 

From  an  analysis  of  most  of  the  works,  the  following  points  appear  to  be 
the  most  certain : — 

A.  The  waters  which  act  most  on  lead  are : —  # 

(a)  The  purest  and  most  highly  oxygenated  ;  as  rain  water,  and  the  soft  —  A*^ 
waters  of  lakes  and  upland  streams. 

(b)  Those  containing  organic  matter,  nitrites   and  nitrates ;  as  impure  -  J^<^ 
waters  contaminated  with  sewage,  &c. 

(c)  Those  containing  chlorides ;  these  salts  having  the  power  of  dissolving  "  ^  **^ 
the  protecting  coat  of  carbonate  that  may  have  been  formed.  y 

(d)  Those  containing  a  free  acid;  as  soft  peaty  waters  derived  from  'f^A-^^ 
upland  surfaces. 

Besides  the  portion  dissolved,  a  film  or  crust  is  often  formed,  especially 
at  the  line  of  contact  of  water  and  air ;  this  crust  consists  usually  of  two 
jjarts  of  lead  carbonate  and  one  part  of  hydrated  oxide.  The  mud  of  several 
rivers,  even  the  Thames,  will  corrode  lead,  probably  from  the  organic  matter 
it  contains,  but  it  does  not  necessarily  follow  that  any  lead  has  been  dis- 
solved in  the  water.     Bits  of  mortar  will  also  corrode  lead. 

B.  The  waters  which  act  least  on  lead  are : — 

(a)  Those  that  are  rich  in  earthy  salts — that  is,  hard  waters,  such  as  are 
derived  from  deep  wells,  &c.  Carbonates,  phosphates,  and  sulphates,  all 
have  a  protecting  influence,  especially  carbonates,  and  most  especially 
carbonate  of  Ume.  According  to  Lissauer  the  presence  of  5*8  parts  per 
100,000  of  CaCOj  renders  a  water  safe.  But  when  sulphates  are  in  excess, 
they  increase  the  solvent  action  of  the  water. 

(6)  The  presence  of  free  carbonic  acid  exercises  a  protective  influence,  a 
basic  carbonate  being  formed,  very  sparingly  soluble,  which  is  deposited  on 
the  pip^.  But  if  the  COg  is  in  excess,  or  if  the  water  is  charged  with  it 
under  pressure,  this  coating  is  dissolved,  and  the  solvent  action  increased. 

(c)  The  presence  of  silica,  according  to  Crookes,  Odling,  and  Tidy,  to  the 
extent  of  half  a  grain  per  gallon,  has  a  protective  influence,  an  insoluble  lead 
silicate  being  formed.  But  although  most  waters  that  act  markedly  on  lead 
contain  very  little  sUica,  the  degree  of  their  activity  does  not  appear  pro- 

1  On  Hydraulic  and  Water  Supply  Engineervna^  by  J.  T.  Fanning,  New  York.  1889. 

3  Reference  may  be  made  to  amcles  on  thia  subject  in  J9L  if.  /.,  1890,  voL  L,  iL^m  %sA^^&a.i  . 
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portional  t<i  Urn  scarcity  of  silica  present,  and  someiuch  waters  (tf.y., 
liindliead)  eonUiin  a  eonsiderable  amount* 

(d)  It  has  boon  .sjiid  that  perfix'tly  pnie  Wiitor  containing  no  gases  has 
n<j  action  on  lead ;  this,  however,  is  not  strictly  correct,  as  pure  distilled 
water  ha&  been  knewn  at  Netley  to  take  up  lead  from  a  leaden  pipe. 

Tlie  dojwsit  which  fTequently  coats  the  lead  eonmata  of  carbcinate,  phos- 
phate, and  sulphate  of  lead,  calcium  and  luagnesium,  if  the  wat<*r  have 
contaijied  these  salts, 

C  There  are  certain  conditions  that  have  a  great  influence  on  the  solvent 
action  of  the  water  upon  lead  pipes,  irrespective  of  the  composition  of  the 
water  iteelf  :— 

(a)  New  lead  pipes  always  give  up  more  lead  tlian  t^ld  one^. 

(6)  The  length  of  time  the  water  has  been  in  crtntact  with  the  lead  ;  the 
water  most  not  only  pass  through,  Imt  remain  in,  tlie  pipes  for  some  time : 
the  amount  dissolved  increases  during  the  first  twenty-four  hours,  after  this 
some  is  deposited^  and  after  six  days  less  leaii  is  foimd  in  the  water, 

(c)  Temperature  :  hot  water  pipes  yield  more  lead  than  cold  water  pipes. 

((/)  Pi-essure :  increased  pressure  (up  t^j  110  Ihs.  on  the  square  inch) 
increases  the  solvent  action. 

Within  the  last  few  years  numerous  extensive  outbreaks  of  lead-poisoning 
have  been  traced  to  the  water  supi>lied  as  a  public  service  in  ttjwns  in  the 
north  of  England,  as  Sheffield,  Hudderstield,  Chesterfield,  Bacup,  &c.  These 
supplies  have  all  been  drawn  from  nplaud  surface  waters,  and  the  outhre-aks 
have  occurred  either  during,  or  shortly  following,  periods  of  drought.  The 
one  circiimstaucc  conmion  to  all  the  cases  appears  to  have  been  the  presence 
of  a  free  acid  in  the  water.  Br  Hinclair  \\' liite  ^  of  Shelheld  considers  this 
to  be  the  cause  of  the  solvent  actitai  of  such  ivaters  upon  lead.  lie  found 
that  the  dissolving  power  was  proportional  to  the  acidity  of  the  water ;  that 
mtration  through  charcoal  of  an  active  acid  water  remf»ved  bfjth  its  activity 
and  acidity  ]  and  that  neutralisation  hy  limestone,  lime^  or  bicarbonate  of 
s<:Kla,  had  the  same  etlect.  He  believes  the  acid  to  be  derived  from  decaying 
peat,  i.e.,  hiindc  acid.  Others  believe  it  to  he  either  sulphuric  acid  or  a 
derivati\'e  of  this. 

Mr  W.  IL  Power  ^  considers  that  what  are  commonly  called  the  causejt  of 
**  plumbo-solvent  '*  action,  such  as  oxygen,  acidity,  want  of  lime,  or  of  silica, 
are  really  only  i^ondUiomf  tlie  causes  producing  which  are  at  present  unknown. 
He  suggests  the  possibility  of  the  action  being  connectetl  with  the  presence 
of  some  microph}^  in  the  water. 

J).  The  lead  itself  is  more  easily  acted  upon  if  other  metals,  as  iron,  zinc, 
or  tin,  are  in  juxtajjosition ;  galvanic  action  is  produced.  Bending  lead 
pipes  against  the  graiiL,  and  thus  exprtsing  the  structure  of  the  metal,  also 
increases  the  risk  of  solution.  Zinc  pipes,  into  the  composition  of  which 
lead  often  enters,  yield  lead  in  large  quantities  to  water,  and  this  has  been 
especially  the  case  with  tlie  distilled  ^vater  on  Iward  ships. 

Amomit  of  Dissolwd  Lead  which  mil  produce  Symptoms  of  PoUoning, 
— Dr  Angus  Smith  refers  to  cases  of  lead  paralysis  in  which  as  little  as 
Y^th  of  a  grain  per  gallon  was  in  tlie  ivater.  Adams  ^  also  speaks  of  YJ-^yth 
of  a  grain  causing  poisoning.  Graham  speaks  of  ^V*^^  ^^  ^  gram  jwr  gallon 
as  being  innt>cuous.  Angus  Smith  says  that  |\jth  of  a  grain  per  gallon  may 
affect  some  persons,  while  y^^^th  of  a  grain  per  gallon  may  he  ret[uired  for 


J  jB.  M.  J.,  1886,  iL  459. 

»  Supp,  to  Loc  Goif,  Board  Report  for  1887. 

>  Tram,  qf  ihc  American  Medical  Society ,  1852,  p.  163. 


ACmON  OF  WATER  ON  LEAD  PIPES.  46 

others.^  But  it  is  difficult  to  prove  it  may  not  at  some  time  have  been 
more  than  this.  Calvert  found  that  water  which  had  been  decidedly 
injurious  in  Manchester  contained  from  ^th  to  -^ths  of  a  grain  per 
gallon. 

In  the  celebrated  case  of  the  poisoning  of  Louis  Philippe's  family  at 
Claremont,  the  amount  of  lead  was  -^ths  of  a  grain  per  gallon ;  this  quantity 
affected  34  per  cent,  of  those  who  drank  the  water. 

On  the  whole,  it  seems  probable  that  any  quantity  over  ^th  of  a  grain 
per  gallon  ( =  '07  per  100,000)  should  be  considered  dangerous,  and  that 
some  persons  may  even  be  affected  by  less  quantities.^ 

Protection  of  Lead  Pipes. — The  chief  means  which  have  been  proposed 
are : — 

(a)  Lining  with  tin,  Calvert's  experiments  ^  show  that  extra  tinned  and 
ordinary  tinned  lead  piping  both  gave  up  lead  to  the  pure  water  now  used 
at  Manchester. 

(6)  A  much  better  plan  is  by  having  a  good  block-tin  pipe  enclosed  in  a 
lead  pipe,  as  in  Haines'  patent.  If  the  tin  is  good  it  is  little  acted  on,  and 
the  strength  of  the  pipe  is  increased,  while  bends  and  junctions  can  be  made 
without  destroying  the  continuity  of  the  tin.  The  composite  pipes  of  this 
kind  made  by  Messrs  Walker,  Parker,  &  Co.  are  said  to  withstand  any 
amount  of  torsion. 

(c)  Lead  alloyed  with  3  per  cent,  of  tin  is  said  not  to  be  acted  upon  by 
water  (Cameron) ;  *  pipes  of  this  kind  appear  to  be  used  in  Dublin  and  in 
Glasgow.  Later  experience  with  this  alloy,  however,  seems  to  have  modified 
the  good  opinion  first  held  of  it ;  it  is  certainly  inapplicable  to  cistems,  or 
for  any  purpose  where  it  is  more  or  less  exposed  to  the  air. 

Other  methods  of  protection  have  been  advocated,  such  as  the  use  of  a 
bituminous  coating  (M^Dougall's  patent),  varnish  of  coal  tar,  various 
resins,  &c. :  coating  with  lead  sulphide  (Schwartz's  patent),  and  lining 
with  fusible  metal  (lead,  bismuth,  and  tin).  None  of  these  are  entirely 
satisfactory. 

Substitutes  for  Lead  Pipes, — Cast  and  wrought  iron  pipes  can  be  used, 
and  Sir  R  Rawlinson  now  orders  no  others :  the  iron  can  be  glazed  inter- 
nally. This  method  appears  to  be  the  best,  and  is  now  very  largely  used. 
Iron  pipes,  coated  inside  with  Angus  Smith's  bituminous  varnish,  are  used 
a  good  deal,  but  the  tarry  taste  remains  in  the  water  a  long  time.  Block- 
tin  is  also  employed,  and  is  excellent,  but  rather  expensive.  In  some  cases 
the  tin  is  eaten  through,  but  this  is  not  common,^  except  with  well  waters 
containing  nitrates. 

1  Wanklyn  adopts  -^th  of  a  grain  per  gallon  as  justifying  rejection  of  a  water ; — ^th 
would  probably  be  a  safer  limit, 
a  See  also  Taylor's  Med.  Jurisp.,  edited  by  Stevenson,  3rd  edition,  1883,  vol.  i.  pp.  806, 307. 
8  Chemical  News,  September  28,  1861. 

*  Manual  of  Hygiene,  p.  86. 

*  I  have  seen  block-tin  pipes  eaten  through,  by  water  at  Woolston,  apparently  in  conse- 
quence of  the  presence  of  nitrates.  Zinc  pipes,  which  have  been  recommended,  are  objection- 
able as  likely  to  yield  poisonous  salts  to  such  waters. — [F.  de  C] 
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SECTION  n. 

QUALITY  OF  DRINKING  WATER. 

Sub-Secjtion  L — Composition. 

The  composition  of  water  is  of  importance  for  several  economic  purposes ; 
for  certain  trades  which  require  careful  processes  of  washing  and  dyeing ; 
for  the  supply  of  engines,  &c.  But  these  subjects  are  too  technical  to  be 
discussed  here,  and  this  chapter  is  therefore  restricted  to  the  quality  of 
water  as  used  for  drinking  purposes.  The  only  domestic  matter  of  imports 
ance  connected  with  quality,  apart  from  drinking  and  cooking,  is  the  relative 
amount  of  soap  used  by  hard  and  soft  water  in  washing.  But  this  is  so 
obvious  a  matter  that  it  only  requires  to  be  alluded  to. 

Owing  to  many  of  the  domestic  uses  of  water,  such  as  the  washing  of 
utensils,  the  supply  for  closets,  &c.,  not  requiring  a  very  pure  water,  it  has 
been  proposed  in  some  cases  to  supply  water  from  two  sources — one  pure  for 
drinking  and  cooking,  the  other  impure.  This  requires,  however,  two  sets 
of  pipes,  and  involves  the  chance  of  mistake  between  two  waters ;  and  it  is 
only  likely  to  be  of  use  under  exceptional  circumstances. 

Drinking  water  is  supplied  from  shallow,  deep,  and  Artesian  well  sources: 
rain,  rivers,  weUs,  springs,  &c. 

Rain-Water. — As  it  falls  through  the  air,  rain  becomes  highly  aerated. 
Tlie  amount  of  contained  gas  averaging  25  c.c.  per  litre :  of  this  oxygen  forms 
about  32  per  cent.,  and  carbon  dioxide  2J  or  3  per  cent.  It  carries  down 
from  the  air  ammoniacal  salts  (carbonate,  nitrite,  and  nitrate),  and  nitrous 
and  nitric  acids  in  small  amount.  The  total  quantity  of  nitrogen  in  am- 
moniacal salts,  nitrous  and  nitric  acid,  is  -0985  parts  per  100,000.  Frankland 
puts  the  average  at  '032.  At  Monteouris,^  mean  of  seven  years,  the  ammonia 
amounted  to  '193  i)er  100,000;  mean  of  all  Paris  (1881-82),  0*287  per 
100,000 ;  the  nitric  acid  (NOg),  mean  of  six  years,  to  '354  per  100,000. 
This  gives  a  total  nitrogen,  from  ammonia  and  nitric  acid,  of  '239  per 
100,000.  In  towns  with  coal-fires  it  takes  up  sulphurous  and  sulphuric 
acids,  and  sometimes  hydrogen  sulphide.  Tlie  sulphates  in  rain  increase, 
according  to  Dr  Angus  Smith,^  as  we  pass  inland,  and  before  large  towns 
are  reached ;  they  are,  according  to  this  author,  "  the  measure  of  the  sewage 
in  air "  when  the  sulphur  derived  from  the  combustion  of  coal  can  be  ex- 
cluded, but  in  this  country  the  exclusion  could  never  be  made.  Free  acids 
are  not  found  ^vith  certainty,  according  to  Smith,  when  combustion  and 
manufactures  are  not  the  cause.  The  acidity  taken  as  sulphuric  anhydride 
(SO3)  was  equal  to  '014  grains  per  100,000  of  rain  in  a  country  place  in 
Scotland,  and  1*513  in  Glasgow  ;  in  Manchester  in  1870  it  was  1*202 ;  and 
in  London  '387.  The  nitric  acid  in  Glasgow  was  as  much  as  '244  parts  per 
100,000,  and  in  London  only  '0884.  Albuminoid  ammonia  was  no  less 
than  -0326  parts  per  100,000  in  London  rain.^  Rain  also  carries  down 
many  solid  substances,  as  sodium  chloride,  in  sea  air ;  calcium  carbonate, 
sulphate,  and  phosphate ;  ferric  oxide ;  ciirbon.*     It  almost  always  contains 

1  Annitaire  de  VObservatoire  de  MorUsouris. 

«  Air  and  Rain,  1872,  p.  246. 

8  Augus  Smith,  Op.  cii.,  p.  363. 

*  Au  ingenious  plan  for  removing  suspended  matter  from  rain-water  is  supplied  hy  Roberts 
(formerly  Buck's)  **  Patent  Percolator,'  which  may  be  attached  to  the  pipe  supplying  a  rain- 
water tank.  It  works  automatically  and  produces  good  results,  although  at  tne  expense  of 
considerable  waste  of  the  water. 
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also  a  little  nitrogenom  organic  matter,  amounting  in  extreme  cases  to  as 
mneh  aa  *35  grains  per  gallon.  The  total  amount  of  solids  from  five  amilystis 
qnoteii  by  ^lolei^i'liott  was  3'2  parts  per  100,000,  and  from  63  samples  by 
Frankland  3*86  per  100,000.^ 

Occasionally   microscopic    plants   of    the    lowest    order   (as   Protomcms 
piuvialu  and  others)   are   present,   and    in   towns  the  dt^brls  arising  from  * 
street  dust; 

With  regard  to  Eain  as  a  Source  of  Supply. — The  uncertainty  of  the  rain- 
fall from  year  to  year,  the  length  of  the  dry  seasfjn  in  many  crjuntries,  and  tlie 
large  size  of  the  reservoirs  which  are  then  re<[uiredj  are  disadvantages.  On 
tlie  other  hand,  its  general  purity  and  it*?  gre^it  aeration  make  it  both  healthy 
and  jileiiSiint.  The  greatest  benefits  have  re.suJted  in  many  cases  (especially 
in  eiouie  of  the  "V^est  Indian  Islands)  from  the  use  of  rain  instciid  of  spring 
or  well  water,  whieh  is  often  largely  impregnated  with  earthy  salts.  In  all 
places  where  the  spring  or  well  water  is  thus  bad,  a.s  in  the  neutral  ground 
at  Gihraltar,  rain-water  should  lie  sulisti tilted.  So  al^>  it  lias  ijeun  suggested 
that  in  outbreaks  of  cholera  anywhere,  the  niin-wat^?r  is  Jeas  likely  to  become 
contaminated  with  sewage  matters  than  weljs  i>r  springs,  into  w^hich  organic 
matters  often  find  their  way  in  an  unat countable  manner. 

Ice  nnd  Snow  Water. — In  freezing,  w^ater  l>eeonies  ptirer,  losing  a  large 
portion  of  its  sidine  contents.  Even  calcium  carbonate  and  suljihate  are 
jiartially  got  rid  oL  The  air  is  at  the  same  time  expelleiL  Ictv^vatcr  may 
thus  Ix^  tolerably  pure,  but  heavy  and  non-aerated.  Snow-water  contains 
the  Si\lts  of  rain -water,  with  the  exception  of  rather  less  ammonia.  The 
amounts  of  carlwnic  acid  and  air  are  very  small. 

There  has  long  Vxien  an  opinion  that  snow*-water  is  unw]iolesome,  but 
this,  if  it  he  true,  is  prtjhal>ly  due  to  impurities.  Ice  and  snow  often 
contain  a  good  deal  of  suspended  organic  matter,  Dr  Eaker  Edwards,  of 
Montreal,  found  three  p\rts  p^?r  100^000  in  the  .shore  ice  and  the  river  ice.^ 
In  Northf  ru  Eun>|H:*  the  pix»rer  classes  have  the  halat  of  taking  the  snow 
lying  about  their  dwellings^  and  as  this  is  often  highly  impure  with  sub- 
stances thrown  out  from  the  house,  this  wat«r  nuiy  be  unwholesome.  It 
has  been  conjectural  that  the  spread  of  the  cholera  in  the  Russian  winter 
in  1832  waij  owing  to  t!ie  use  of  such  snow-water,  contaminated  by  e.v- 
cretions.  Ice  and  snow  may  also  be  the  means  of  conveying  malarious 
poL<ton  Uy  places  at  a  distance.* 

J}ef^  has  occasionally  been  a  source  of  supply  to  tmvellers  in  Bfterile 
regions  in  South  Africa  and  Australia,  and  on  h^»ard  ship."* 

Sprinf?,  Wtfly  ami  River  Watt-r. — The  rain  falling  on  the  ground  partly 
evajxfrat^i's,  jxnrtly  runs  oil',  auvl  [Mirtly  airiks  in.  The  relative  amount^s  vary 
with  configuration  and  density  of  the  ground,  and  with  the  circumstances 


1  In  rain-watflr  coHectotl  at  St  AP^niiH,  in  the  mitMle  of  an  arable  lieM,  two  fe«t  fi-om  ike 
ground^  Fmnklaud  found  as  nmch  iw  8-58  porta  in  100,000;  from  the  roof  of  the  Lauil'i*  End 
HoU4  (CornwaU)  42*8  jxir  100/>flO,  of  which  one  half  wm  clilori<lfi*. 

In  n  5fflii^ik  from  supply  tank  in  officer'  qnart^^rw  at  Portland  T  f<*iiind  68 '5  per  100,000  of 
aoli'  li  about  14  were  eh  loridtf-s  ;   the  organic  con^' I  i  •  also  very  laq^K.     In 

mhj\  ,  gntht'red  aw  collect^jd,  465  tot^d  solids  auo  ^  ;  and  in  onu  from  u 

pi|r        __   lj  tDe  cookhouse,  84*6  tot^l  Mjlidn  and  *2f)'I  .     In  a  sample  eoIletrttHl 

thruu|^h  JiinueL'i  din<ct  into  glMnB  bottles,  the  iioUds  were  U'£»,  ul  which  7'0  wt:re  volattlet, 
chiefly  ammonium  ohlori*lc,  &c,~[F.  de  C] 

^  Fnrtber  t^videncti  of  the  impurity  to  be  i$ometimeB  met  with  in  toe  will  be  found  in  the 
RfparU  ofilif  :^aie  Botird  of  Hmlih  of  .i/atmdtti^Uf  vola.  vii.  and  x. 

»  See  papt-r  by  C.  Hmart,  M.B.,  CM,,  Captain  and  Assistant  SuiBeon.  United  Statui 
Anny,  "  Od  Mountain  Fever  and  Malflriou»  Water  "  American  Jtmrruu  qf  Medicat  Scietift, 
Jan.  1878.  See  abo  Report  on  Hygiene,  A.M.fJ,  Me^is,  vol.  tLc  See  aldo  Report  by  C. 
Smart,  Migor  and  Surgtjon,  U.S.A.,  '*FijbUc  HeaJth  m  MinneaoU,  voL  ii.  No,  1%  1887. 

^  btw-pofui^  are  also  resorted  to  sa  a  Bup{)ly  for  cattle  in  Uamp«tui«  and  eUewbere. 
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impeding  or  favoming  evajiomtion,  sucli  as  temperature,  movement  of  air, 
&c,     In  the  magnasi^m  limestone  districts,  alxmt  20  jier  cent,  penetrates 
in  the  New  Red  Samlstone  (Trijissic)  25  per  cent;  in  the  chalk  42 ;  in  Ui 
lixise  Tertiary  sand,  90  U^  9^J 

Penetrating  into  the  ground,  the  water  ali^orba  ii  large  proportion  o 
carlxniie  acid  frc»m  the  iiir  In  the  interstices  of  the  soil,  which  is  much 
richer  (250  times)  in  CO^  tlian  the  air  above.  It  then  passes  more  or  less* 
deeply  int'<j  the  eartli,  iind  diasolves  everythmg  it  meetii  with  which  can  Ije 
tnikeu  up  in  the  time,  at  tlie  tempemtnre,  and  by  the  aid  of  carbonic  acid. 
In  some  sandy  aoils  there  is  a  detieiency  of  CO^  and  tlien  the  water  is  idso 
wanting  iii  this  gii.%  and  i«  not  fresh  and  sparkling. 

The  chemical  changes  and  decom|>08itions  which  occur  in  the  soil  by  the 
aetion  of  Ci-).^,  and  which  are  probiihly  influenced  by  dilTuston,  and  perbajis 
by  pressure,  as  weO  as  hy  temperature,  are  extremely  curious/'  but  e^mnot 
be  entered  uix>n  here.  The  most  common  and  simple  are  the  solution  of 
calcium  carbonate,  and  the  decomposition  of  Ciilcium  and  sodium  silicate  by 
carbonic  acidi  or  alkaline  carbonates.  Salts  of  ammonia,  also,  when  they 
exists  appear  from  Dietrich's  observations  to  have  a  considerable  rlissolving 
effe^'t  on  the  sUicates. 

Fed  fr<»m  a  varii:^ty  of  sources,  river  wat^er  is  even  more  complex  in  its 
constitution  than  spring  water ;  it  is  also  more  inHuenced  by  the  se^ison, 
and  by  eir^jumstanees  connected  with  stwistm,  such  as  tlie  melting  of  snow  or 
ice,  rains  and  flomls,  &:c.  Tlie  water  taken  on  o|jposite  sides  of  the  same 
river  has  been  fmmd  ta  dillVr  slightly  in  corapjosition. 

Letl'man  and  Beam  ^  stite  tliat  by  admixtinre  of  the  watei*s  from  widely- 
sej):u'ated  districU,  the  eharaeter  and  amount  of  the  dissolved  matters  are 
much  modiiied,  and  give  the  follo^ving  as  an  example.  The  Schuylkill 
River  rises  in  the  anthracite  coal  region  of  Pennsylvania,  and  receiving  much 
refuse  mine  water  becomes  impregnated  with  iron  salts  and  free  mineral 
acid^  which  render  it  quite  wnsuitiible  fur  drinking  or  manufacturing  pui^ 
poses.  In  its  course  of  aliout  100  miles  it  passes  over  an  extensive  lime- 
stcme  district,  and  receives  severed  large  streams  highly  charged  with  calcium 
carbonate.  Tlie  result  is  a  neutralisation  of  the  acid,  ami  a  preeipitAtion  of 
the  iron  and  much  of  the  calcium.  The  river  becomes  purer,  and  at  it« 
junction  with  the  Delaware  at  Philadelphia  it  contains  neither  free 
sulphuric  nor  hydrochluric  acid,  <:>nly  truces  of  iron,  and  l>ut  a  small  amount 
of  CaSO^.  Thus  there  is  jirurluced  a  soft  water,  superior  to  that  of  the 
river  near  its  source,  and  to  the  banl  waters  of  the  miildle  Schuylkill 
region. 

The  general  result  of  solution  and  decomposition  is,  that  the  water  of 
springs  and  rivers  often  contiiins  a  great  numljer  nf  constituents — some  in 
very  smallj  others  in  grejit  amount.  Some  wat-ors  are  so  highly  charged  as 
to  be  termed  mineral  waters,  and  to  be  mifit  f<:*r  ilrinking,  except  as  medi- 
cines. The  impuritiejs  of  water  are  not  so  much  influenced  by  the  depth 
of  the  spring  as  l>y  the  strata  it  passes  through.  The  water  of  a  surface 
spring,  or  of  the  deepest  Artesian  well,  may  lie  pun^  or  impure.  The 
temperature  of  the  water  also  varicit,  and  is  cliiefly  regidated  by  the  depth. 


i 


1  For  iJibles  of  percolation  «?©  Otw  Homes  (Caswll,  1883)^  jip.  807.  809.  Evads,  from 
(wtitity-aiue  years'  nli»enraticm!4  in  the  clialk  of  Ht-ntel-Ueiiipfilead,  givt«  the  winter  Average  «t 
61  J*T  cent,  the  ftumiiier  nX  154»  and  tLc  whole  year  at  37J. 

>  Tliefie  m^  given  in  detail  by  G.  Bischof,  Chemkal  and  Phyrtkat,  Oeologjf  (Cnvendiftb 
eu>cietv*»  edit ),  1854,  vol.  i.  p,  2  tl  *tq.;  and  in  Wattft'n  Dktumary  qf  Chtmistry,  Artiok 
♦•  Cheml«tn*  of  fJwlogy/'  by  Dr  Piml  (io  the  firot  edition). 

•  KxammeUion  of  Water,  Pbikdelphift,  1880, 
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The  temperature  of  shallow  springs  alters  with  the  season ;  that  of  deeper 
springs  is  often  that  of  the  yearly  mean.  In  very  deep  springs,  or  in  some 
Artesian  wells,  the  temperature  of  the  water  is  high. 

The  substances  which  are  contained  in  spring,  river,  and  well  waters  are 
noted  more  fully  under  the  head  of  "  examination  op  water."  There  may 
be  suspended  matters,  mineral,  vegetable,  or  animal ;  dissolved  gases,  viz., 
nitrogen,  oxygen,  carbon  dioxide,  and  in  some  cases  hydrogen  sulphide,  and 
carburetted  hydrogen ;  and  dissolved  solid  matters,  consisting  of  lime,  mag- 
nesia, soda,  potash,  ammonia,  iron,  alumina,  combined  with  chlorine,  and 
sulphuric,  carbonic,  phosphoric,  nitric,  nitrous,  and  silicic  acida  Less  fre- 
quently, or  in  special  cases,  certain  metals,  as  arsenic,  manganese,  lead,  zinc, 
and  copper,  may  be  present. 

The  mode  of  combination  of  these  substances  is  as  yet  uncertain ;  it  may 
be  that  the  acids  and  bases  are  equally  distributed  among  each  other,  or 
some  other  modes  of  combination  may  be  in  play.  The  mode  of  combina- 
tion may  tisually  be  assumed  to  be  as  follows.  Each  separate  substance 
being  determined,  the  chlorine  is  combined  with  sodium;  if  there  is  an 
excess  it  is  combined  with  potassium  or  calcium ;  if  there  is  an  excess  of 
sodium,  it  is  combined  with  sulphuric  acid,  or  if  still  in  excess,  with  car- 
bonic acid.  Lime  is  combined  with  excess  of  chlorine,  or  sulphuric  acid,  or 
if  there  be  no  sulphuric  acid,  or  an  excess  of  lime,  with  carbonic  acid. 
Magnesia  is  combined  with  carbonic  acid.  So  that  the  most  usual  combina- 
tions are  sodium  chloride,  sodium  sulphate,  sodium  carbonate,  calcium 
carbonate  (held  in  solution  by  carbonic  acid),  calcium  sulphate,  calcium 
chloride  and  silicate,  and  magnesium  carbonate ;  but  the  results  of  the  analysis 
may  render  other  combinations  necessary. 

DutUled  Water. — Distillation  is  now  very  largely  used  at  sea,  and  affords 
an  easy  way  of  getting  good  water  from  sea  or  brackish  water.  Almost  any 
form  of  apparatxis  \nll  suffice,  if  fuel  can  be  procured,  to  obtain  enough 
water  to  support  life ;  and  if  even  the  simplest  appliances  are  not  attain- 
able, the  mere  suspension  of  clean  woollen  clothing  over  boiling  water  will 
enable  a  large  quantity  to  be  collected.  At  sea  it  is  sometimes  mixed  with 
salt  water  from  the  priming  of  the  boilers,  and  occasionally,  from  decom- 
position of  magnesium  chloride  (probably),  a  little  free  hydrochloric  acid 
passes  off.     This  can,  if  necessary,  be  neutralised  by  sodium  carbonate. 

As  distilled  water  is  nearly  free  from  air,  and  is  therefore  unpalatable  to 
some  persons,  and  is  supposed  to  be  indigestible,  ^  it  may  be  aerated  by 
allowing  it  to  run  through  a  cask,  the  bottom  of  which  is  pierced  with 
fine  holes,  so  as  to  expose  the  water  to  the  air.  Plans  for  aerating  the  water 
distilled  from  sea-water  have  been  proposed  by  Normandy  and  others,  and 
are  used  in  most  steamers. 

Care  should  be  taken  that  no  lead,  zinc,  or  copper  finds  its  way  into  the 
distilled  water.  Many  cases  of  lead  poisoning  have  occurred  on  board  ships, 
partly  from  the  use  of  minium  in  the  apparatus,  and  partly  from  the  use  of 
zinc  pipes  containing  lead  in  their  composition.  If  possible,  block  tin  should 
always  be  used. 

Comparative  Value  of  Spring,  River  and  Well  Water  as  Sources  of  Supply, 

This  depends  on  many  circumstances.  Spring  water  is  both  pure  and 
impure  in  different  cases ;  and  the  mere  fact  of  its  being  a  spring  is  not^  as 
sometime  imagined,  a  test  of  goodness.     Frequently,  indeed,  river  water  is 

'  1  By  some  eyea  daogerons  (Gerardin). 
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purer  than  spring  water,  especially  from  the  deposit  of  calcium  carbonate ; 
organic  matter  is,  however,  generally  in  greater  quantity,  as  so  much  more 
vegetable  matter  and  animal  excreta  find  their  way  into  it.  The  water  of 
a  river  may  have  a  very  diflferent  constitution  from  that  of  the  springs  near 
its  banks.  A  good  example  is  given  by  the  Ouse,  at  York ;  the  water  of 
this  river  is  derived  chiefly  from  the  millstone  grit,  which  feeds  the  Swale, 
the  Ure,  and  the  Nid,  tributaries  of  the  Ouse ;  the  water  contains  only  13 
parts  per  100,000  of  salts  of  calcimn,  magnesium,  sodiiun,  and  a  little  iron. 
The  wells  in  the  neighbourhood  pass  down  into  the  soft  red  sandstone 
(Yoredale  series)  which  lies  below  the  millstone  grit ;  the  water  contains  as 
much  as  92*8  parts,  and  even,  in  one  case,  137  parts  per  100,000  of  total 
solids ;  in  addition  to  the  usual  salts  there  is  much  calcium  chloride,  and 
calcium,  sodiiun,  and  magnesium  nitrates.  Slifl-llow-well  water  is  always  to 
be  viewed  with  suspicion ;  it  is  the  natural  point  to  which  the  drainage  of  a 
good  deal  of  surrounding  land  tends,  and  heavy  rains  will  often  wash  many 
substances  into  it.^  The  question  may  arise  as  to  what  should  be  considered  a 
shallow,  and  what  a  deep  well.  In  the  Rivers  PoUvtion  Commissioners'  Sixth 
Report  all  the  shallow  wells  examined  are  less  than  50  feet  deep; 
most  of  the  deep  wells  more  than  100  feet  deep.  Any  well  less  than  50 
feet  deep  that  does  not  pass  through  an  impermeable  stratimi,  such  as 
stiff  clay  or  hard  rock,  must  be  classed  as  a  shallow  well.  The  following 
tables  are  given  by  the  Rivers  Pollution  Commissioners  :2 — 

1.  In  respect  of  wholesomeness,  palatability,  and  general  fitness  for  drink- 
ing and  cooking : — 


Wholesome 

Suspicious 
Dangerous 


(2:  l^ejiru  wljter;       i}  very  palatable. 

5.  Surface  water  from  cultivated  land,      .        .  ^ 
'  6.  River  water,  to  which  sewage  gains  access,  .  [-palatable 
^  7.  Shallow-well  water, J 


2.  Classified  according  to  softness  with  regard  to  washing,  &c. : — 

1.  Rain-water. 

2.  Upland  surface  water. 

3.  Surface  water  from  cultivated  land. 

4.  Polluted  river  waters. 

5.  Spring  water. 

6.  Deep-well  water. 

7.  Shallow-well  water. 

3.  As  regards  the  influence  of  geological  formation  in  rendering  the  water 
sparkling,  colourless,  palatable,  and  wholesome.  The  following  water- 
bearing strata  are  the  most  efiicient : — 

1.  Chalk. 

2.  Oolite. 

8.  Groensand. 

4.  Hastings  Sand, 

5.  New  Red  and  Conglomerate  Sandstone. 

Sub-Section  II. — Characters  and  Classification  of  Drinking  Waters. 
The  general  characters  of  good  water  are  easily  enumerated.      Perfect 

1  Sir  Charles  Cameron  {Dublin  Journal  of  Medical  Science)  cites  a  case  where  good  and  bad 
water  was  obtained  from  different  levels  in  the  same  well.  Similar  results  have  been  observed 
elsewhere  ;  see  analysis  of  water  from  a  well  at  Fareham,  Report  on  Hygiene,  A.M.D,  JteporUj 
vol.  xxi.  In  these  cases  both  samples  were  impure,  but  the  water  from  the  bottom  of  the  well 
contained  a  great  excess  of  salts,  due  probably  to  infiltration  from  the  tidal  waters  of  the 
neighbouring  river.  .  '  Sixth  IiqH»i,  p.  129. 
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clearness;  freedom  from  odour  or  taste;  coolness;  good  aeration;  and  a 
certain  degree  of  softness,  so  that  cooking  operations,  and  especially  of  vege- 
tables, can  be  properly  performed,  are  obvious  properties.  But  when  we 
attempt  a  more  complete  description,  and  assign  the  amounts  of  the  dissolved 
matters  which  it  is  desirable  should  not  be  exceeded,  we  find  consider- 
able difference  of  opinion,  and  also  a  real  want  of  evidence  on  which  to  base 
a  satisfactory  judgment. 

Still  an  hygienic  classification  or  enimieration  of  potable  waters,  based  on 
such  facts  as  are  generally  admitted,  will  be  useful.  A  division  of  waters 
used  for  drinking  into  four  classes  has  been  adopted  in  this  work : — 

1.  Pure  and  wholesome  water. 

2.  Usable  „ 

3.  Suspicious  ,, 

4.  Impure  ,, 

The  waters  belonging  to  the  first  and  second  class  may  be  used ;  those  of 
the  third,  or  suspicious  class,  should  be  well  filtered  before  distribution,  and, 
if  possible,  should  be  again  filtered  in  the  house.  A  purer  source  should 
also  be,  if  possible,  obtained,  and  sources  of  sewage  contamination  ascertained 
and  prevented. 

The  waters  of  the  fourth  class  should  be  entirely  disused,  or  only  be  uJsed 
when  a  better  source  is  not  procurable,  and  means  of  purification  should  then 
be  systematically  resorted  to. 

Sub-Sbction  in. — Origin  op  thb  Impurities  in  Drinking  Water. 

The  origin  of  the  impurities  in  water  may  be  conveniently  referred  to 
four  heads,  viz. : — (1)  substances  derived  from  the  source;  (2)  substances 
added  during  the  flow  of  the  water  in  rivers,  canals,  aqueducts,  or  other 
conduits ;  (3)  impurities  caused  by  storage  in  reservoirs  or  tanks ;  and  (4) 
substances  added  during  distribution  from  reservoirs  either  in  pipes  or  water 
barrels,  or  in  house  cisterns. 

1.  Impurities  of  Source. 

The  geological  formation  of  a  district  necessarily  influences  the  composi- 
tion of  the  water  running  through  it,  though  it  is  impossible  to  tell  with 
absolute  certainty  what  the  constituents  of  the  water  may  be.  Formations 
vary  greatly,  and  the  broad  features  laid  down  by  geologists  do  not  always 
suffice  for  our  purpose.  In  the  middle  of  a  sandy  district,  yielding  usually 
a  soft  water,  a  hanl  selenitic  water  may  be  found ;  and,  instead  of  the  pure 
calcium  carbonate  water,  a  chalk  well  may  yield  a  water  hard  from  calcium 
sulphate  and  iron.  Still  it  may  be  useful  to  give  a  short  summary  of  the 
best-known  facts. 

1.  The  Granitic,  Afetamorphic,  Trap  Rock  and  Clay-Slate  Waters. — Gene- 
rally the  granitic  water  is  very  pure,  often  not  containing  more  than  3  to  9 
parts  per  100,000  of  solids,  viz.,  sodium  carbonate  and  chloride,  and  a  little 
lime  and  magnesia.  The  organic  matter  is  in  very  small  amount  The 
clay-slate  water  is  generally  very  pure,  often  not  containing  more  than  from 
4  to  5  parts  per  100,000.  The  water  from  hard  trap  rocks  is  pure,  but  if 
the  trap  be  disintegrated  the  shallow  wells  sunk  in  it  are  of  course  liable  to 
be  fouled  by  surface  washings  or  soakage. 

2.  The  Water  from  Millstone  Grit  and  Hard  Oolite. — Like  the  granitic 
water  this  is  very  pure,  often  not  containing  more  than  6  to  11  parts  per 
100,000  of  mineral  matters,  which  consist  of  a  little  calcium  and  magnesium 
sulphate  and  carbonate  ;  a  trace  of  iron. 
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1*^ — These  are  of  variable  com]x«sitioii,  but  as  a  nile 
are  impure,  containing  nmcb  flCKlinm  cliloride,  sodiiim  carboDate,  sodium 
sulphate,  iron,  and  a  little  lime  and  mn|Tnevsia,  amounting  altogether  to 
43  to  114  parts  per  100,000*     The  volatile  soliila  may  be  in  large  amouni 
— 6  to  11  i>arts  per  100,000  or  even  more,     ^Sometimes  these  waters 
pure  and  soft,  liut  in  oilier  cases  wells  or  springs,  within  a  short  dial 
may  vary  consrderalily  in  eomjMJsition, 

4.  The  Loom  Sand  arid  Gravel  Waters. — In  this  case  there  is  also  ft  great 
variety  of  tjom position.  Bometimes  the  water  is  very  pure  as  in  the  case  of 
the  Faruham  waters,  and  in  some  of  the  waters  from  the  greensand,  where 
the  total  solids  are  not  more  than  from  6  to  11  part«  per  100,000,  and 
consist  of  a  little  cakium  carbonatt^,  sulphate?,  and  silicate  ;  magnesium 
carlx)nate  ;  sodium  and  potassium  chloride  ;  sodium  and  p>tAssium  sulphate  ; 
iron,  and  volatile  matter.  The  last  is  sometimes  considerable,  \iz*,  1  to  1^ 
parts  per  100,000.  In  tolerably  pure  gravels,  not  near  towns,  the  water  is 
often  very  free  from  iniiHirity.  In  the  case  of  many  sands,  however, 
which  are  rich  in  salts,  the  water  is  impure,  the  solid  contents  amounting 
sometimes  to  from  70  to  100  parts  per  100,000,  or  more,  and  consisting  of 
sodium  chloride,  sodium  carbonate,  soilium  sulphateT  with  calcium  and 
magnesium  salta^  These  waters  are  often  alkaline,  and  contain  a  good  deal 
of  organic  matter.  The  w^ater  from  the  sands  in  the  "  Laiides  '*  (south-west 
Fnmce)  contains  enough  organic  mattter  Ui  give  agua 

5.  Waifrsfrom  ike  Li^s  Cla^s  vary  in  comiwBition,  but  are  often  impure ; 
even  310  parts  per  100,000  of  mineral  matters  have  been  found.  No  leas  a 
quantity  than  126  parts  of  calciimi  sulphate,  and  60  of  magnesium  sulphate, 
existed  in  a  water  examined  by  Voeleker^ 

6.  The  Chalk  WaierA. — The  pure,  typical,  calcium  carbonate  water  from 
the  chalk  is  very  sparkling  and  clear,  highly  charged  with  carbonic  acid, 
and  con  tarns  frt>m  10  to  30  parts  p^^r  100,000  of  calcium  carbonat-e,  a  little 
magnesium  carbinate  and  sodium  chloride — small  and  immaterial  quantities 
of  iron,  silica,  pot^ai^h,  nitric,  and  |>lioRphoric  acids.  8ulphuric  acid  in  com* 
bination  is  sometimes  present  in  variable  amount ;  organic  matter  is  usuaUy 
in  small  amount  This  is  a  good,  wholesome  and  pleasant  water.  It  is 
liard,  but  softens  greatly  l>y  boilmg.^ 

7.  The  LimeMone  and  Magntsian  Limestone  Waters. — These  are  also  clear 
sparkling  waters  of  agD^^eable  taste.  They  differ  from  the  chalk  in  contain- 
ing usually  more  calcium  sidph  ate  (6  to  17  ptirt^  or  even  more)  and  less 
carbonate,  and,  in  the  case  of  the  dolomitic  dii^trict^s,  much  magnesium  sul- 
f>hate  and  carbonate.  Organic  matt^^r  is  usually  in  small  amotmt.  They 
are  not  so  wliolcsome  as  tlie  chalk  waters.  They  are  bard,  and  soften  le^ss 
on  boiling. 

8.  The  Selenitic  Waters. — Water  charged  with  calcium  sulphate  (9  to  30 
parts,  or  even  more)  may  occur  in  a  variety  of  cases,  but  it  may  sometimes 
come  from  selenitic  rocks.  It  is  an  unwholesome  water,  and  in  many 
persons  prtiduces  dyspei^ia  and  constipation,  alb^ mating  with  diarrhoea.  It 
is  hard,  softens  little  on  tioiling,  and  is  not  good  for  cooking  or  washing. 


1  la  a  shjillow-weM  (20  fett  deep)  in  the  gravely  near  Netley  Abbey,  the  water  jneldecl  total 
^  oJidi  212*5,  of  which  were  cblondes  124  j»nrt«  per  100,000 ;  after  deepening  it  to  30  feet, 
""auc!  mssing  tliroiigli  a  stratum  of  fctitf  'blue  elay,  it  gave  only  24  total  solick,  and  9 '3  of 
eliloridw^-rF.  de  CJ 

3  In  a  well  from  Weedon  Barraclfi,  100  feet  deep,  sunk  in  Hue  lia»,  I  fotmd  130  parts  per 
100,000  of  solids,  but  very  little  organic  matter.— {F.  de  CJ 

'  Sometimes  the  water  drawn  from  the  upjier  \iTixi  o(  the  eb&lk  is  really  derived  horn 
Tertiary  sand  lying  alx)ve  tlie  chalk.  The  WHttjr  contains  less  caldum  carbonate »  and  more 
scKlium  carbonate  and  cMoride,  and  may  be  alkaline, 
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9p  Cla^  WcUers. — Verj^  few  springs  exist  in  the  stiff  clay  ;  the  water  is 
chiefly  siirface,  and  falls  soon  into  rivers  ;  it  vanes  greatly  in  c^inifKisition, 
and  often  contains  much  suspended  matter,  but  few  dissolved  constitiients, 
chiefly  calcium  and  sodium  salta. 

10.  Alluvial  Wai^s. — (Alluvium  is  usually  a  mixture  of  sand  and  clay.) 
Generally  impure,  witli  calcium  carbonate  and  sulphate,  magnesium  sulphate, 
sodium  chloritlo  aud  carbonate,  iron,  silica,  and  often  much  orgjinic  luntter. 
Occji^ionally  the  organic  matter  oxidises  rapidly  into  nitrites,  and  if  the 
amount  of  sodium  chloride  ie  large,  it  might  be  supposed  that  the  waka* 
had  been  conttiminated  with  sewage.  The  amount  of  solida  per  100,000 
varies  frtim  30  to  170  parts  or  even  more, 

11.  Sar/ace  an^  Subsoil  Water, — Very  variable  in  composition,  hut  r^ften 
very  impure,  and  always  t<T  l>e  regarded  with  suspicion.  Heaths  and  nuMDrs, 
on  prinutive  rocks,  or  on  hard  millst^uno  grit,  may  supply  a  pure  water, 
which  may,  however,  be  sometimes  slightly  coloured  with  vegekible  matter. 
Cultivated  lands,  with  rich  manured  suUs,  give  a  water  containing  often 
lioth  organic  matter  and  siilts  in  large  quantity.  8ome  soils  contain 
potassium,  sodium,  and  magnesium  nitrates,  and  give  up  tliese  salts  in  large 
quantity  to  water.  This  is  the  case  in  several  parts  of  India,  at  Aden,  and 
at  Nassick  in  the  Deccan  (Haines).  In  towns  and  among  the  habitations  of 
men,  the  surface  water  and  the  shallow- well  water  often  contain  large 
quantities  of  calcimu  and  sodium  nitrit(?s,  nitrates,  sulphates,  phosphates, 
and  clilorideK  The  nitrates  in  tliis  case  probably  arise  from  ammonia, 
ammonium  nitrite  being  first  fonaed,  wliieh  dissolves  hirge  quantities  of 
lime.  r)rganic  matter  exisU  often  in  large  amount,  and  slowly  oxidises, 
forming  ammonia  and  nitric  acid.  In  some  easels  butyric  acid,  which  often 
UJiites  with  lime,  is  also  fiirmed. 

12.  Mavnk  Wutrr, — This  always  contains  a  large  amoimt  of  vegetable 
organic  matter;  it  is  not  unusual  to  find  of  volatile  solids  from  17  to  57 
parts  per  100,000,  and  in  some  cases  even  more.  Suspended  organic  matt^^r 
is  also  common.  The  salts  are  variable.  A  little  calcium  and  sodium  in 
combination  with  carbonic  and  sulpliuric  acids  and  chlorine  are  the  most 
usual.  Of  course,  if  the  marsh  is  a  salt  one,  tlie  mineral  constituents  of  sea- 
water  are  jiresent  in  varying  proportions. 

13.  Water  from  Gravft/ardfi, — Ammonium  and  calcium  nitrites  and 
nitrates,  and  sometimes  fatty  acids,  and  much  orgtmic  matter.  Lefort  found 
a  well  of  water  at  St  J)idier»  more  than  330  feet  from  a  cemetery,  to  lie 
largely  cuntaniinated  with  amraoniacal  exalts  and  an  organic  miitt**r  which 
was  left  on  evaporation.  The  water  was  clear  at  first,  but  luid  a  vapid  taste, 
and  speedily  liecnme  putrid.  The  water  from  old  graveyards  (disused)  may 
flhow  less  organic  matter,  Imt  it  \v"ill  contain  large  quantities  of  nitrates, 
chlorides,  <fec* 

14.  Artejsian  Wtll  Watfv. — The  composition  varies  greatly.  In  some 
cases  the  water  is  so  highly  cliarged  with  saline  matter  as  to  lie  und rink- 
able  :  the  water  of  the  Artesian  well  ttt  Grenelle  contains  enough  sodium 
and  potassium  earl>onates  to  make  it  alkaline  ;  there  is  also  often  a  consider- 
able amount  of  free  {or  saline)  ammonia.  In  some  cases  the  water  contiuiis 
an  appreciable  amount  of  iron ;  in  otlier  cases,  especiidly  when  drawn  from 
the  lower  part  of  the  chalk,  or  the  greensand  below  it,  it  is  ti^lerohly  pure. 
Its  temperature  is  usually  high  in  proportion  to  the  depth  of  the  well.  The 
aeration  of  the  water  is  often  mrMlerat'C,  sometimes  nil.  These  last  two 
jioints  sometimes  militate  against  the  employment  of  water  from  very  deep 
wells. 
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15.  Water  from  Wells  nenr  tht'  Se(h^ — Tliis  frpqiipntly  contains  so  much 
sialine  matter  as  to  taste?  quite  bnickisli,  jilthtitjgh  the  urgimic  matter  may 
not  lie  very  large.  In  some  sjimplee  from  Shuebiiryness  (analysed  at 
Netley)  the  total  solids  milled  from  U8  to  312  parti  per  100,000,  the 
clilorid<?s  heing  from  31  to  93 :  mean  of  six  snniplei* — 236  total  solids 
anrl  50  of  clilorides.  In  one  aiiinple,  however,  the  nlbimiiiioid  ammonia  was 
only  0*007  per  100,000,  and  in  ti^'e  the  oxygen  reqiiireil  for  organic  matter 
was  umlor  0*075  \wr  100,000.  Sampler  from  \velh§  at  Gibraltar  yield  in 
some  cases  large  quantities  of  solids  ;  in  one  instance  as  mncb  ai?  338  parts 
of  toUd  srilidt?  iind  244  of  chlorides  in  lOOjOOO:^  At  Londgnan!  Fort,  water 
from  a  boring  150  ft^et  deep  yielded  more  than  700  jxirts  of  solids  and  540 
parts  of  Lhlorides. 

16.  Ruin- Walter  may  be  contaminated  by  washing  tlie  air  it  falls  through, 
but  more  l:»y  matt4?r8  on  the  surface  on  which  it  falls,  sueh  r&  decaying 
leaves,  l)iril  flroppings,  soot,  or  other  matter  on  the  roofs  of  liouscs ;  it  also 
takes  lead  from  lead  crwitings  and  jiipes,  and  zinc  frorn  zinc  roofs.  If  stored 
in  imdergrouiid  tanks  it  ma^^  also  receive  soakings  from  the  soil  through 
leakage. 

2.  Impiinties  of  Transit  from  Source  to  Iieserw>irs, 

Open  conduits  are  liable  to  1m?  contaminated  hy  surface  washings  ca: 
in  finely  divided  clay,  sand,  chalk,  ajid  animal  matters  from  cnltivateil  land ; 
and  the  leaves  and  branches  of  trees  add  their  contingent  of  vegetable 
matters.  These  impurities  may  occur  in  most  cases,  but  in  addition  the 
refuse  of  houses,  trades,  and  factories  is  often  pour^'d  into  rivers,  and  all 
sorts  uf  matters  are  thus  added. 

These  impurities  are  broadly  divided  by  the  Rivers  Pollution  Commis- 
sioners into  "  sewage  "  and  "  manufacturing  *' :  luider  the  foruier  term  all 
solid  and  H(]utd  excreta,  house  and  waste  water^  and  in  fact  all  imiaiiities 
coming  from  dwellings,  are  inchided  ;  under  the  latter  term  is  placed  all 
manufacturing  refuse,  sucli  as  froiu  dye  and  bleach  works,  tanneries,  papeP- 
makings  w^MiUon,  silk,  ami  nietjil  works,  i^c.^ 

The  very  numerous  animal  antl  vegetable  sulistan^cs  derived  from  habita- 
tions are  usual ty  classeil  under  the  vague >  hut  convenient  t*?mi  of  **  organic 
Blfttter,"  as  the  separation  of  the  individual  substances  is  inipoHsible,  Til© 
organic  matti^r  is  usually  nitrogencais,  and  Frankland  has  profKised  to 
express  its  amount  in  terms  of  its  nitrogen  (organic  nitrogen),  but  this  view 
is  not  yet  generally  rec^nved  on  account  of  the  difficulty  of  estimating  the 
very  small  tpiantity  of  nitrogen.  The  nitrogf^nous  organic  matter  undergoes 
gradufil  transformation,  and  forms  ammonia,  and  nitrous  and  nitric  acids. 
The  exact  stejjs  of  this  process  are  perhaps  conqdicated.  On  keeping  the 
water  the  nitrites  disiippear,  and  in  some  cases  the  nitrates  also  gradually 
diminish^  both  actions  probably  residting  from  the  presence  of  bacteria.  A, 
Mdfler*  found  the  residue  of  well  water  gave  with  sodium  hydrate  a  hGiring- 
like  ml  our,  which  seemed  like  a  t  rime  thy  lamlne. 

Many  of  the  *'  organic  matk^rs  "  in  water  are  not  ac  tually  dissolved,  but 
are  s*)  finely  suspended  that  they  pass  tlirough  filtering  paper.     There  Is 

ki  Form  good  eTninple  of  the  iEflueace  of  a  tidal  rivi»r  on  neighbouring^  welliif  wt/twj  Leeimm 
}  Siaie  M&iichiSt  Table  %,  p.  &!.— [F,  de  Cd    Oa  the  other  li&ud,  springs  ftitUAted  nemr  tbe 
_i  b»v«  been  found  very  pure, 

*  Sec  tAhlca  of  wat«r  jmnlysea  m  H«f>ortit  on  Hygiene,  Arm^  M^iaal  JUporttf  vols*  zix,, 
u.t  xxi,  xx)z.«  And  xxx. 

*  P*or  «  fuH  account  of  all  these  impaxities,  aad  the  l>e'<t  modfl  of  dealing  with  tbeni,  the  six 
Reports  of  the  PolhUion  Commivioners  must  he  refeiretl  to* 

*  Roth  and  Lex,  MaOdr-Oemndh^titjtftJt,,  p.  16. 


2 


DfPURrnES  OF  STORAGE.  55 

no  doubt  that  among  this  ''  suspended  organic  matter  "  many  minute  plants 
and  animals  (includmg  bacteria  and  their  spores),  are  always  included.  It 
is  probably  owing  to  the  variation  in  the  quantity  of  suspended  organic 
matter  (living  and  dead)  that  water  from  the  same  source  sometimes  gives 
different  residts  on  analysis,  even  though  the  water  be  taken  at  the  same 
time.  During  its  flow  in  open  conduits,  however,  a  species  of  purification 
goes  on,  by  means  of  subsidence,  the  action  of  water-plants,  and  to  some 
extent  by  oxidation.  On  the  whole  these  processes  appear  in  India  to  render 
river-water,  in  spite  of  all  the  contaminations  it  receives,  purer  than  tank 
and  well  water.  ^  The  freedom  from  noxious  substances  is  also  apparently 
greater  in  India  in  the  quick-running  streams,  which  may  also  depend  upon 
purification  taking  place  in  them.^ 

3.  Impurities  of  Storage, 

The  chance  of  substances  getting  into  the  water  of  wells,  and  tanks,'  and 
even  of  cisterns  in  houses,  is  very  great.  Surface  washings  and  soakage 
contaminate  wells  and  tanks,  and  leakages  from  pipes,  passage  of  foul  air 
through  pipes,  or  direct  absorption  of  air  by  an  uncovered  surface  of  water, 
introduce  impurities  into  cisterns.^  It  is  singular  in  how  many  ways 
cisterns  and  tank  waters  get  foul,  and  what  care  is  necessary  not  only  to 
place  the  cistern  imder  safe  conditions  at  firsts  but  to  examine  it  from  time 
to  time  to  detect  contamination  of  the  water.  In  India,  especially,  the  tank 
water  is  often  contaminated  by  clothes  washed  near,  or  actutJly  in,  the 
tank ;  by  the  passage  even  of  excrement  directly  into  it>  as  well  as  by  sur- 
face washings,  so  that  in  fact  in  some  cases  the  village  tank  is  one  of  the 
chief  causes  of  the  sickness  of  the  people.  There  is,  perhaps,  no  point  on 
which  the  attention  of  the  sanitary  ofl&cer  should  be  more  constantly  fixed 
than  that  of  the  storage  of  water,  either  on  the  large  or  small  scale. 

In  shallow  wells  (10  to  50  feet  deep)  the  soakage  water  from  the  ground 
in  loose  soils  of  chalk  and  sand  is  often  very  impure.  Thus  in  a  town 
the  well-water  often  shows  evidence  of  nitrites,  nitrates,  ammonia,  and 
chlorine  far  in  excess  of  river-water  in  the  neighbourhood,  though  the  strata 
are  the  same.^  Occasionally,  by  constant  passage  of  the  water,  a  channel 
is  formed,  which  may  suddenly  discharge  into  the  well ;  and  probably  some 
of  the  cases  of  sudden  poisoning  from  water  have  thus  arisen. 

A  well  drains  an  extent  of  ground  alx)ut  it  nearly  in  the  shape  of  an 
inverted  cone.  The  area  must  depend  on  the  soil ;  but  the  experiments  at 
Grenelle  and  Passy  show  that  the  radius  of  the  area  drained  is  equal  to  four 
times  the  depth  at  least,  and  that  it  often  exceeds  this.     Dupuit  shows  that 

1  Palmer  shows  this  clearly  in  a  very  interesting  paper  in  the  Indian  Medical  Oaxette  for 
December  1870. 

3  Much  influence  has  been  ascribed  to  oxidation,  and  donbtless  in  part  correctly  ;  but  Dr 
Frankland  has  shown  its  effect  to  be  limited.  The  Irwell  River,  after  passing  Manchester, 
nins  11  miles  to  its  junction  with  the  Mersey  without  further  material  pollution,  and  falls 
over  6  weirs  ;  yet  the  purification  by  oxidation  is  trifling.  By  siphomng  water  from  one 
vessel  to  another  so  as  to  represent  a  run  of  96  miles,  the  organic  carbon  was  only  reduced  6*4 
per  cent,  and  tiie  organic  nitrmn  28*4  per  cent.  This,  however,  is  widely  different  from 
running  in  an  open  river  bed.  "ndy's  statements  attribute  more  power  to  oxidation  ;  see  hia 
pamphTet  On  River  Water^  also  his  evidence  before  the  Royal  Commission  on  Metropolitan 
Sewage  Discharge. 

*  In  two  examples  of  (so-called)  rain-water  collected  in  the  tanks  in  the  marsh  near  TQbury 
Fort  for  the  use  of  the  troops,  the  solids  were  found  to  be  respectively  59  and  207  parts  per 
100,000  [Army  Medical  Raxfrts,  vol.  xviL  pi  214). 

*  A  good  case  of  absorption  by  an  open  cistern  of  gases  finom  water-closets  and  urinals  ia 
recorded  by  Druitt  {Medieal  Times  and  GazeUe,  September  1869).  The  water  as  supplied 
contained  -008  pajrts  per  100,000  of  albuminoid  ammonia  ;  after  abaorption,  17  parts. 

»  Roth  and  Lex,  op.  cit.^  p.  43. 


the  curve  of  the  suliterranean  water  level  rises  sutldenly  near  the  well,  and 
becomes  flatter  and  flatter  as  it  extends  under  tlie  grounii  surface,  tlxe  dia- 
tiince  to  which  it  reai:hes  depending  upon  the  lowering  of  the  level  of  water 
in  tlie  welL  Thus  a  shallow  well  heavily  pumped  may  drain  an  area  wider 
than  a  deeper  well  under  moderate  pumping.  The  distiiiice  to  whicli  the 
infiuence  of  pumping  extends  is  very  variable,  mnj^fing  from  15  to  160  times 
the  depression  of  the  water  in  the  welL^  It  ia  this  depressiim  of  water  in 
tlxe  well,  that  is,  the  quantity  of  water  tiiken  out,  that  determines  the  drainage 
area,  rather  than  the  mere  deptli  of  the  well.  Profe^jsor  Anstt^d  states  tliat 
the  deepest  (non-Arte-aian)  well  will  not  drain  a  cone  which  is  more  than 
half  a  mile  in  radius. 

In  some  cases  a  well  at  lower  level  may  receive  the  drainage  of  surromid- 
ing  hills  flowing  down  t^j  it  from  great  distances.  Good  coping  stones,  so 
as  to  protect  from  surface  washings ;  good  masonry  for  several  feet  below 
the  surface  of  wells  in  very  loose  soils,  so  as  to  prevent  sujwrficial  soakage, 
are  necessary  in  all  shaDow  wells. 

4.  Impuriii^s  of  Bktributiof^ 

If  water  is  distributed  by  liand,  i.e.,  by  water-carts,  barrels,  or  skioB, 
there  is  necessarily  a  great  chance  of  it8  being  fouled.  In  India,  whero  the 
water  is  generally  carried  by  water-can'iers  (Bhisties),  inspection  of  the 
carts  or  skins  should  be  systematicaDy  made,  and  whenever  it  be  possible, 
pipes  should  be  substituted  for  the  rude  method  of  liimd  conveyance.  But 
even  pipes  may  contaminate  water;  mettds  (lead,  zinc,  and  iron)  may  Iw 
partly  dissolved]  wood  rots,  and  if  the  pipes  are  occasionally  em]ity>  impure 
air  may  be  drawn  into  tliem,  and  ]je  afUn-wanls  absorl>ed  hy  the  water* ^ 
In  tfjwiis  snpjjlied  on  the  constant  syst43m,  when  the  pips  are  becoming 
empty  the  fli>w  of  water  from  a  tap  has  drawn  foul  water  or  air  tlirough  a 
pipe  at  some  distance,  and  in  this  way  even  the  water  of  tlie  mains  has  be-en 
l»efouled. 

Coal  gas  passing  into  the  ground  from  leaking  of  gas  j>ipes  aoinetiraes 
finds  its  way  into  wells,  or  even  into  wat^r  pipes.  In  Berlin,  in  1864,  out 
of  1>40  public  wehs,  39  were  contafuinated  by  admixture  with  coal  gas.  A 
gooil  instancii  is  related  by  JLr  Ilarvey,^^  where  the  main  pipes  were  often 
enipty  and  gas  penetrated  into  them.  Having  regard  to  the  cases  in  wliich 
gases  from  the  soil  (from  leaking  g,as  pi|>es,  sewers,  tfcc),  find  their  way  into 
water  pipes,  it  would  seem  hnj>ortaiit  not  to  lay  dovv^  water  pipes  ne^r 
any  other,  or,  what  is  betterj  have  all  pij^es  in  sub-ways  where  Uiey  can  be 
inspected. 
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Sdb-Sbction  L— Iksuffioient  Supply. 
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The  consequences  either  of  a  short  supply  of  water  for  domestic  puqioses, 
or  of  difficulty  in  remo^^ng  water  which  has  been  used,  are  very  aimilarj 

1  itudM  tur  U  mtmvtfment  des  Eaux^  par  J.  BD|itiIt ;  see  nlao  Our  Homes  (Caasdl  k  Cn.)» 
1883.  p.  829. 

s  Caacii  of  thin  sort  are  given  in  the  Rfpm-ls  of  iht  Mt^iicai  Offktr  qf  the  Priv^  Ct/itncil^  No, , 
iLt  new  fteries.     See  Dr  BkxuU  od  Ftjver  at  Sherljonie,  Dorset,  and  Dr  Boobaiuui  oa  the  Fevi 
fit  CMiOi  Col!^,  Cambridge.   In  the  tatter  ct^fie/oul  Irap-vxUer  was  sacked  in  &«m  the  doaot 
At  Croyilou-btood  was  aucketl  in  this  way  from  atiutcher*s  shop. 

•  FfMd,  Water,  and  Air,  Februar>^  1S72,  p.  68. 
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On  tbifl  point  much  valuable  infonnation  was  coUected  by  the  Health  of 
Towns  Ct>nimiasion  in  their  invaluable  Reports.^  It  was  then  shown  that 
want  uf  water  leads  Ui  impurities  of  all  kinds:  the  pei-son  and  eluthefl  are 
not  washed,  or  are  washed  repeatedly  in  the  same  water;  ctioking  water  is 
used  scantOy,  or  more  than  once ;  habitations  become  dirty,  strc*ets  are  not 
cleaned^  sewers  beeome  clogged ;  and  in  these  various  ways  a  want  of  water 
prctduees  uneleaaliness  of  the  very  air  itself. 

The  resnlt  of  such  a  state  of  things  is  a  general  lowered  state  of  health 
among  the  population ;  it  has  been  thought  also  that  some  skin  dLseases — 
ficabieSi  and  the  epiphytic  all'ectious  espieciJiDy — and  ophthalmia  in  some 
are  thus  propagated.  It  also  appears  likely  that  the  remarkable 
cessation  of  sjiotted  typhus  among  the  civilised  and  cleanly  nations  is  in 
part  owing,  not  merely  to  better  ventilation,  but  to  more  frequent  and 
thorough  washing  of  clothes. 

Tlio  deficiency  of  water  leatling  to  insufficient  cleansing  of  sewers  has  a 
great  effect  on  tlie  spread  of  enteric  fever  and  of  choleraic  diarrhoea ;  and 
cases  have  been  known  in  which  outbreaks  of  the  latter  disease  have  been 
arrested  by  a  heavy  fall  of  rain. 

Little  is  known  with  certainty  of  the  effects  produced  on  men  by  deficiency 
in  the  supply  of  water.  Under  ordinar)'^  circumstances,  the  sensation  of 
thirsty  the  most  delicate  and  imperative  of  all  our  feeliugs,  never  permits 
any  great  deficiency  for  a  long  time,  and  the  water-removing  organs  eliminate 
'^vith  wonderful  ra[»idity  any  excess  that  may  l>e  taken,  so  as  to  keep  the 
amount  in  the  body  within  certain  limits.  But  wlien  circumstances  prevent 
the  supply  of  water,  it  is  well  known  tliat  the  wish  to  drmk  becomes  so 
great^  that  men  will  rim  any  danger^  or  undergo  any  pain,  in  ortler  to  satisfy 
it.  The  exact  liodily  conditi^ju  thus  prf>dueed  is  not  f>recisely  known,  but 
from  experiments  on  animals  and  men,  it  would  appear  that  a  lessened 
anjount  of  water  in  the  body  diminishes^  the  elimuiution  of  the  pulmonary 
carlMnnic  acid,  the  intestinal  excreta,  and  all  the  important  urinary  excreta. 

The  more  obvious  effect^s  produced  on  men  who  are  de|irived  for  some  time 
of  water,  is  besides  the  feehng  of  the  most  painful  thirst,  a  great  lowering 
of  muscular  strength  and  mental  vigour.  After  a  time  exertion  becomes 
almost  imposwihle,  and  it  is  wonderful  to  see  what  an  extraordinary  chjingc 
is  prcMiuced  in  an  amazingly  short  time  if  water  can  be  then  procured.  The 
supply  of  water  liecomCxS,  then,  a  matter  of  the  most  urgent  necessity  when 
men  arc  undergoing  great  muscular  efforts,  and  it  is  very  important  that 
the  supply  should  lie  by  small  quantities  of  water  l»eing  frecpiently  tiiken, 
and  not  by  a  large  amount  at  any  one  time.  The  restriction  of  water  by 
trainers  ia  baaed  on  a  misapprehension  :  a  little  water,  and  often,  should  be 
the  rule* 

Sub-Sbctiok  II.— Impurb  BnppLY. 

At  present,  owing  probably  to  the  difficulty  of  making  analyses  of  waters, 
the  exact  connection  between  impure  water  and  disease  does  not  stand  on  so 
precise  an  experimentil  basis  as  might  be  wislied.  There  are  some  j»ersons 
who  have  denied  that  even  considendile  organic  or  mineral  impurity  can  be 
proved  to  produce  any  bad  etlV  ct ;  while  others  have  believed  that  some 
mineral  ingredients,  such  as  calcium  carbonate,  are  tisefui. 


I 


I      J  ^if»^  arid  Seamd  Reporit  (witli  endeocc)  qf  the  Health  q/"  ToufM  Commission,  1814  and 

a  The  eTperimeata  of  Fatck  and  Scheffer  ob  ftnimAk,  and  of  Moaler  on  mem  A&d  women,  are 
,  bere  referrud  to. 
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In  some  of  these  cawes,  liowever,  veir  little  cflrefiil  inqiiiiy  has  been 
made  into  the  state  of  heaJth  of  those  using  the  water,  and  that  moat 
fallacians  of  all  evidence,  a  general  inipresainn,  without  a  eareful  collection 
of  facta,  has  oft*?ii  heen  the  only  ground  on  which  the  opinion  has  been 
come  to.  As  well  ohserved  by  Sir  -J.  Simon,  in  nne  of  his  philosophical 
Reports,^  we  cannot  exi)ect  t<:t  find  the  eftect  of  impure  water  always  sudden 
and  violent ;  itii  n^sults  are  indeed  often  t^radual^  and  may  elude  onJinary  i 
observation,  yet  be  not  the  less  real  and  appreciahie  hy  a  close  inijuirj^  In 
fact,  it  is  only  when  striking  and  \iolent  effects  are  produced  that  public 
attention  is  arrested  ;  the  minor  ami  more  insidious,  but  not  less  certain,  ] 
evils  are  borne  with  the  iiidifierence  and  apathy  of  custom.  In  some  cases 
it  is  by  no  means  improhalde  that  the  use  of  the  impure  water,  which  is 
supposed  to  be  i nuf (cuous,  has  been  really  restricted,  or  that  experience  has 
shown  the  necessity  of  purification  in  simie  way.  This  much  seems  to  be 
certain,  that  as  precise  investigations  proceed,  ami,  indeed,  in  projKjrtton  to  I 
the  care  of  the  inquiry  and  the  accuracy  of  the  examination,  a  continually 
increasing  class  of  cases  is  found  to  be  connected  with  the  use  of  impure 
water,  and  it  seems  only  reasonable  to  infer  that  a  still  more  rigid  inquiry 
will  further  prove  the  frequency  and  importance  of  this  mcxie  of  origin  of 
some  diseases.  i 

Anima!  organic  matter,  especially  when  of  faeeal  origin  ;  vegetable  organic  j 
matter,  when  derived  from  marshes  ;  and  some  salte  and  metals  are  the  J 
principal  noxious  ingredients. 

Of  the  hurtful  substances  the  suspended  animal,  and  especially  faecal 
matters,  are  proKiWy  the  worst.  At  least,  it  is  remarkable  how  frequently, 
both  in  out  lire  aks  of  diarrhcea  and  enteric  fever,  the  reports  notice  tux*  | 
hidity,  discoloration,  and  smell  of  the  wat-er.  It  is  this  fact  which  makes 
the  examination  of  colour  anil  ti^rbidity  importnnt.  The  thoroughly  dis- 
solved organic  matter  appears  less  hurtful ;  at  least  there  is  some  evidence 
that  jierfectly  clear  Winters,  though  conbiining  much  matter  dissipated  by 
heat^  iuid  consisting  of  dissidved  organic  matter  or  its  derivatives,  are  often 
tiken  without  injury.  1  Vobably,  also,  the  more  recent  tlie  feecal  contamina- 
tion, the  more  injurious,  since  the  most  poisonous  attacks  on  record  have 
been  in  crises  of  wells  into  which,  after  slow  percolation  for  some  time,  a 
sudden  gush  of  sewage  water  has  Uiken  place. 

It  has  been  frequently  stated  that  the  readily  oxidisable  organic  matters  . 
in  water  are  the  most  dangerous.     This  opinion  has  ]>rolmbly  arisen  from  ] 
the  idea  that  a  suhstanee  in  rapid  clieniical  chimge  is  more  likely  to  excite  ] 
some  corn'spon cling  and  hurtful  atttion  in  the  liody  ;  and  it  may  l>e  true,  but-j 
there  is  no  existing  evidence  which  c^n  lie  trusted  on  the  |wint     There  is, 
on  the  other  htiud,  some  evidence  that  animal  matters  forming  fatty  acids 
give  rise  t+>  salts  wliich,  though  not  oxidising  into  nitrous  and  nitric  acid, 
are  as  hurtful  as  thf  nmre  oxiiiisable  sulistances.  1 

Of  late  years,  too,  an  opinion  has  been  expressed  that  the  amount  of  the 
mineral  substances  is  of  little  consequence.  This  can  be  true  only  in  d 
limited  sense  ;  there  are  some  mineral  substances,  su(di  as  smlium  chloride  i 
or  carbonate^  or  calcium  carbonate,  which,  ^s-ithin  certain  limits,  a[>pear  to  I 
ilo  no  harm.  But  iji  the  c^ise  of  other  minends,  such  as  calcium  and  mag- 
nesium sulphates  and  ctdorldes,  and  calcium  nitrate,  there  can  bo  httle 
douljt  that  their  use  is  injurious  to  many  persons.  It  seems  also  pr<:>bable 
that  a  combinntion  of  impurities,  and  especially  the  coexistence  of  organic 
matter  and  calcium  sulphate,  is  hurtful ;   at  least  the  analysis  of  wat^raj 


Se£<ind  Annual  RepoH  to  ike  City  qf  London,  p.  121  < 
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which  have  decidedly  produced  injury  often  shows  that  the  impurities  have 
been  numerous. 

As  far  as  at  present  known,  the  existence  of  infusoria  of  different  kinds 
is  not  hurtful,  though  they  may  indicate  by  their  abundance  the  presence 
of  organic  impurity,  which  they  are  probably  useful  in  getting  rid  of.  The 
effect  of  microzymes,  edges,  ot  fungi,  in  drinking  water  is  also  a  matter  of 
which  little  or  nothing  is  known,  though  it  is  very  probable  that  future 
research  may  bring  out  something  important  in  this  direction,  research 
which  is  now  only  in  the  initial  stage. ^ 

The  most  practical  way  of  stating  the  facts  connected  with  the  pro- 
duction of  disease  by  water  will  be  to  enumerate  the  diseases  which  have 
been  traced  to  the  use  of  impure  water,  and  to  state  the  nature  of  the  im- 
purities. 

1.    AFFECTIONS  OF  THE  ALIMENTARY  MUCOUS  MEMBRANE. 

It  is  reasonable  to  suppose  that  the  impurities  of  water  would  be  likely 
to  produce  their  greatest  effect  upon  the  membrane  "vvith  which  they  come 
first  in  contact.     This  is  in  fact  found  to  be  the  case. 

Affections  of  the  Stomach — Dyspepsia, 

Symptoms  which  may  be  referred  to  the  convenient  term  dyspepsia,  and 
which  consist  in  some  loss  of  appetite,  vague  uneasiness  or  actual  pain  at 
the  epigastrium,  and  slight  nausea  and  constipation,  with  occasional 
diarrhoea,  are  caused  by  water  containing  a  large  quantity  of  calcium 
sulphate  and  chloride,  and  the  magnesian  salts.  Dr  Sutherland  foimd  the 
hard  water  of  the  red  sandstone  rocks,  which  was  formerly  much  used  in 
Liverpool,  to  have  a  decided  effect  in  producing  constipation,  lessening  the 
secretions,  and  causing  visceral  obstructions ;  and  in  Glasgow,  the  substitu- 
tion of  soft  for  hard  water  lessened,  according  to  Dr  Leech,  the  prevalence 
of  dyspeptic  complaints.  It  is  a  well-known  fact  that  grooms  object  to  give 
hard  water  to  their  horses,  on  the  ground  that  it  makes  the  coat  staring  and 
rough — a  result  which  has  been  attributed  to  some  derangement  of  diges- 
tion. The  exact  amount  which  will  produce  these  symptoms  has  not  been 
determined,  but  water  containing  more  than  11  parts  per  100,000  of  each 
substance  individually  or  collectively  appears  to  be  injurious  to  many 
persons.  A  much  less  degree  than  this  will  affect  some  persons.  In  a  well 
water  at  Chatham,  which  was  found  to  disagree  with  so  many  persons  that 
no  one  would  use  the  water,  the  main  ingredients  were  27  parts  of  calcium 
carbonate,  16  parts  of  calcium  sulphate,  and  18*5  parts  of  sodium  chloride 
in  100,000.  The  total  solids  were  71*4  parts  in  100,000.  In  another  case 
of  the  same  kind,  the  total  solids  were  83  parts  in  100,000 ;  the  calcium 
carbonate  was  31,  the  calcium  sulphate  16,  and  the  sodium  chloride  20  parts 
per  100,000. 

Iron,  in  quantities  sufficient  to  give  a  slight  chalybeate  taste,  often  pro- 
duces slight  dyspepsia,  constipation,  headache,  and  general  malaise.  Custom 
sometimes  partly  removes  these  effects. 

Diarrhoea, 

Many  conditions  produce  diarrhoea. 

(a)  Suspended  Mineral  Substances, — Clay,  Marl — as  in  the  cases  of  the 

1  See  under  Bacteriological  Examinalion  qf  Water  in  Book  III. 
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water  of  the  Maiis^  the  Mississippi,  the  Mis^souri,  Rio  Grande,  Kansas,*  of 
the  Ganges,  and  luiiny  oUkt  rivers — will  at  certiiin  times  of  the  year  proiluce 
diarrhaoaj  especially  in  jH?rsons  uiiaceust-*»med  Uy  the  water.  The  hill  diar- 
rhoea at  Dhiirmmila  is  liroduced,  a|>parently,  hy  suspended  very  fine  sciilei§  of 
mica,  2 

(b)  Smpend^d  Aniina!^  and  espedall^  Ftecal  Matt^rSj  liave  produced  diar- 
rhoDft  in  many  e^ises  ;  sucli  water  always  contains  ilissolved  organic  niattc^rs,  to 
which  the  cfi'ect  may  be  partly  owing.  Iti  cases  in  which  the  water  is 
largely  eontaramated  with  suspended  sewage,  it  is  important  to  observe  that 
the  B}Tnptoms  are  often  niarkedly  chrtleraic  (purging,  vomiting,  cramps,  and 
even  SLtme  loss  of  heat).  This  point  has  been  again  notict^d  by  Dldekop  of 
Afitnichan,^  who  frmnd  marked  choleraic  symptoma  to  be  produced  b}*  the 
water  of  the  Yolga,  wliieh  is  impregnated  with  sewage.  Seven  cases  in  one 
house  of  violent  givstro-ink'stinal  derangement  (vomitings  diarrhoea,  colic, 
and  fever)  produced  l>y  water  contiimiiiated  by  sewage  which  had  ptassed  into 
tlie  cistern,  arc  recorded  by  Dr  Cnhb.*  In  St  Petersburg  the  water  of  tlie 
Neva,  wldch  is  rich  in  organic  substances,  gives  diarrhcea  to  strangers.^ 

(c)  Sttspended  VtgHahU  Suhniames. — Diarrhoea  has  also  been  attrilmted  to 
the  susj>ended  vegotidjle  matters.  Brigade-Surgeon  Gorc  has  recortled  a  \^olent 
outlireak  at  Bulama,  on  the  west  coast  of  Afric^i;^  produced  by  the  water  of 
a  well ;  the  water  was  itself  pure,  but  was  luilky  from  suspended  matters, 
consisting  of  debris  of  plants,  cldorophyll,  minute  cellular  and  Ijnutched 
al(f<E^  monads,  poiygastrica^  and  miriut-e  particles  of  sjind  and  clay,  Wlien 
filtered  the  water  was  quite  harmless. 

((/)  Dissolved  Organic  Matter. — The  opinion  is  very  widely  ditlused  that 
dissolved  and  putrescent  organic  matter  may  produce  diarrhcea,  Tliis  is 
possibly  correct,  but  it  is  diffi<_'ult  to  estimate  its  exact  influence^  on  account 
of  the  presence  of  otlier  impurities. 

The  animal  organic  matter  derived  from  graveyards  appears  t<D  be  espe- 
cially hurtful  ]  here  also  ammonium  and  calcium  nitrites  and  nitrates  may 
be  present. 

(f)  FiMl  Gases. — Water  containing  mucli  hydrogen  sulphide  will  give 
rise  to  diarrhoaa,  especially  if  organic  matter  be  also  present.  In  the 
Mexican  War  (1861-62),  the  French  troops  But!'ered  at  Orizaba  from  a 
peculiar  dysj>ep8ia  an<l  diarrhoea,  attended  witli  immense  disengagement  of 
gas  and  enormous  eructations  aftcT  meals.  The  enicteil  gas  had  a  strong 
smell  of  hydrogen  sulphitle."  This  was  tracetl  to  the  use  of  water  from 
sulphurous  and  alkaline  springs ;  even  the  best  waters  of  (3rizaba  contained 
organic  matter  and  ammonia  in  some  quantity.  The  ex]>eriments  of  Pro- 
fessor Wel>er  have  shown  what  marked  effects  are  prmluced  by  the  injection 
of  liydhtgen  sulphide  in  solution  in  water  into  the  bloinl ;  is  it  jxissiltle  that 
water  cuntjiining  aniraa!  organic  matter  may  occasionally  form  SH^»  after 
absorption  inU*  the  blood,  and  that  the  poisonous  elfcct  of  some  Wiiter  may 
be  owing  to  this  ?  The  sym]itoms  of  poisoning  by  water  contaminat^Hl  by 
sewage  are  sometimes  ^ery  like  those  noted  by  Weber  in  his  exiieriments^ 
viz.,  diarrhoea  and  even  choleraic  symptoms  (lowering  of  temperature),  and 
irritiition  of  the  lungs,  spine,  liver,  and  kidneys. 

'  Unnimond's  Hmune,  p.  218. 

'  Wliitwell,  vidt  Lh  Macuamam's  EighlA  Rcpijri  on  Poiahic  Walers  in  Bengal,  Ap])etidix, 
p.  44. 

*  Virchow's  Anhiv^  batnl  ixvi,  p.  117. 

*  liritCsh  Medic4ilJ(furnal,  Oct.  1870. 
'  Ilbch,  quoted  by  Rotb  and  Lex,  AfiL*OejeundheitmJl.^  p.  24. 


*  Report  on  Hvgiene  hv  Dr  Parker,  Armv  Medkal  ReporU  vol.  t.  p,  428. 
f  Pdticet.  iij  liet:.  tic  SUm.  de  Mid.  MU,,  1863,  p  218.    Tlic  exact  words  aro  "  une  odeor 
d*«cid«  luliiirique/"  bat  **  salfhyilrique  "  niiiat  bo  meant. 


DYSENTERY   FROM  IMPUBE  WATER. 


61 


I 


Tlie  alisorption  of  sewer  gasea,  as  when  the  overflow  pipe  of  a  cistern 
t>I>eU8  into  the  sewers,  will  causfi  iliiirrhoea.  This  se^'met  peifectly  proved  by 
the  case  reci^rded  by  Dr  Greenhow,  in  8ir  J.  kSiiiioii's  second  report.^ 

(f)  IHaoltfed  Mineral  Matters^  if  passing  a  certain  jwmt,  produce  diar- 
rliOBa.  Boudin  refers  to  an  outbreak  of  diarrhoea  at  t  )ranj  in  Algiers,  which 
waa  distinctly  traced  to  had  water,  and  ce^ised  on  the  cause  1  »eing  removed  ] 
the  com|K>sition  of  the  water  is  not  explicitly  given,  but  it  contained 
lime,  magnesia,  and  carl>onatc  of  soda.  Sulphates  of  lime  ami  mag- 
nesia alstj  cause  diarrhoea,  following  sometimes  constipation.  The  selen- 
itic well  waters  of  Pnris  used  XA^  have  this  efFect  on  strangers.  Parent^ 
Duchlitelet  ^  noticed  the  constant  excess  of  patients  furnished  by  the  prison 
of  St  L'uare,  in  cnnse<pumce  of  diarrhcea,  and  He  traced  this  to  the  water, 
which  "  contained  a  very  large  proportion  of  sulphat^^  of  lime  and  other 
purgative  salts " ;  and  he  tells  ub  that  Pin  el  had  noticed  the  same  fact 
twenty  years  before  in  a  piulicular  section  of  the  Stdpetriere.  In  some  of 
the  West  Indian  stations,  the  water  drawn  from  the  calcareous  formation 
has  been  long  abandoned,  in  consequence  of  fclie  tendency  to  diarrhcea  which 
it  caused. 

Calcium  nitrate  waters  also  produce  diarrhoea,  A  case  is  on  record,  in 
which  a  well  water  was  obliged  to  be  disused,  in  consequence  of  its  impreg- 
nation with  butyrnte  of  calcium  (150  part^  per  100^000),  which  was  derived 
from  a  trench  filled  with  decomposing  animal  and  vegetable  matters.^ 

Brackish  water  {whetlier  rendered  so  by  the  sea,  or  derived  from  loose 
sands)  pnHluces  diarrhcea  in  a  large  percentage  of  persons,  and  at  some  of 
the  Ciipe  frontier  stations  water  of  this  character  formerly  caused  much 
disease  of  this  kind.  In  a  water  examined  at  Netley,  wliich  Ijecame 
brackish  from  sea  water  and  produced  diarrhcea  in  almost  all  persons,  the 
amount  of  chloride  of  sodium  was  found  to  be  361  parts  i>er  100,000.  Rut, 
doulitless,  a  much  less  quantity  than  this,  especially  if  chloride  of  mag- 
nesium be  present,  will  act  in  this  way. 

(A)  Metallic  Impregnation. — Occasionally  organic  matter  acts  in  an 
indirect  way,  hj  producing  nitrites  and  nitrates,  wliich  act  on  metals. 

Dysentery,  I 

Dysentery  also  is  decidedly  produced  by  impure  water,  and  this  cause 
riuiks  high  in  the  etiology  of  dysentery,  though  i>erhaps  it  is  not  the  first 

Severtil  of  the  older  army-surgeons  refer  to  this  cause.  Pringle  does  so 
several  times,  and  also  Diaiald  ^funro.'*  To  the  West  Indies,  Lenq>ri^re/ 
in  1799,  noticed  the  increase  of  Iwwel  complaints  in  Jamaica  in  May^  when, 
after  flcxKls,  the  water  was  bad  and  turlad,  "and  loaded  with  dirt  and 
filth,**  He  also  mentions,  that  at  Kingston  and  Port  Royal  the  dysentery 
was  owing  to  brackish  water.  It  was  not,  however,  for  many  years  after 
tlds  that  fresh  sources  of  water  were  simght  fnr  in  the  West  Indies,  and 
that  rain-water  began  to  be  ust'd  when  good  spring  or  river  water  could  not 
be  got. 

Cavis*'  mentions  as  a  curious  fact,  in  reference  to  tiie  West  Intbes,  that 
ship*8  crews,  when  ordereil  to  Tortoia,  were  '*  invariably  seizcil  with  fluxes,'^ 

*  Second  RqMtri  qfihe  Medical  Q^cer  of  the  PTttjf  Council,  Pari.  Paper,  1860,  p.  163. 
4  iiy^ime  PuMitfu^,  t  I  iv  236. 

»  ZtUMhri/t/HT  //^^i>>wf,  vol.  L  p.  16^.  Sc«  also  a  remark  on  tlie  effect  of  calcium  ami 
potaiuiiuiii  nitmtti  in  caaRing  a  tenrkncv  to  diarrhcea  in  tlie  Report  on  the  Druiungw  of  Berlin 
{DU  Kanniimtion  vfm  Berlin,  1868,  p'p-  27,  28). 

*  Campaigns  in  Flanders  and  Qermany. 
9  Vol.  L  p,  25. 

^  Ontht  Wnkh^m  Fet^,  p.  10.  1 
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wliicli  were  caused  by  the  water.  But  the  iiihabitanta  who  ns&l  tank  (t,^., 
rain)  wattr  were  free  ;  and  so  well  known  was  this,  that  when  any  resident 
at  Torkila  was  iiivited  to  dinner  on  hijitrd  a  man-of-war,  it  was  no  tiiiusiLal 
thing  for  him  to  carry  his  ilrinking  water  with  him. 

Thf^  dysentery  at  Wakliereii,  in  lt409,  wtus  in  no  snia]l  degree  owing  to 
tlie  bad  water,  which  wuk  almost  everywhere  braekiah. 

The  epidemic  of  Giiadaloupe,  in  1847,  recorded  by  Coniucl|  seems  tilao 
ipiite  eon  elusive  ad  Uj  tlie  eliect  of  impure  water  in  C4mi>ing  not  merely 
isolated  cases,  but  a  widespread  outbreak.* 

In  1862j  at  Prague,  tliere  were  many  cases  i(f  dysentery,  clearly  traced  to 
the  u^e  of  w^ater  of  wells  ami  springs  rendered  foul  by  substances  washed 
into  the  water  by  heavy  l!i;iods.     Exact  taudyses  were  not  matle. 

On  the  west  coast  of  Africa  (Capo  Cf>ust  Uastle),  an  attack  of  dysentery 
Wivs  traced  by  Surgeon-Major  Oakes  to  the  piiss;ige  of  s^jwage  from  a  ce-ss- 
pool  into  one  of  the  tanks.  "^^  This  was  remedied,  and  the  restdt  was  the 
almost  to  till  disappearance  of  tliL^  disease," 

That  in  the  I*2iist  Indies  a  great  deal  uf  dysentery  has  been  produceti  by 
iniimre  water,  is  a  matter  tiKj  familieir  almost  to  be  mentioned  (iVnne«ley; 
Twining)*  Its  constimt  prevalence  at  Secunderabadj  in  the  Dec^an,  appears 
U^  have  been  l>artly  owing  to  the  water  wliie'h  percolated  thrtjugh  a  large 
graveyard. 

The  great  etFect  produced  by  the  impure  water  of  Calcutta  in  this  way 
hiis  been  ]xnnted  out  by  C]ievers>* 

In  tune  of  war  this  cuuse  has  often  been  i>resent ;  and  the  great  loss  by 
dysentery  in  the  Peninsula,  at  Giudad  Kmlrigo,  was  partly  attributed  by 
8ir  J.  if^Grigiir  Ui  the  use  of  water  ftajssLng  through  a  cemetery  where 
nearly  20,000  btwlies  had  been  hastily  interred. 

At  Mutz,  during  the  summer  of  1870,  there  w^jis  a  severe  epidemic  of 
dysentery  in  two  regiments*  the  rest  of  the  troo[js  escaping  the  disease. 
Enquiry  sliowed  that  the  former  had  drunk  well  water  greatly  contaminated 
with  fiscal  soakage.  When  the  wells  were  closed  the  disease  suddeidy 
cease*L  In  1881,  the  troops  occupying  the  same  barrack  were  supp»lied  witli 
drinking  waU?r  frrjm  the  same  wells,  whereupon  cases  of  tlysent<?ry  reapp)eared, 
and  the  closing  of  the  wells  had  once  more  the  desired  etlbct.^^ 

The  impurities  ^vhich  thus  protluce  dysentery  appear  to  l>e  of  the  same 
kind  as  those  which  CLiuse  tlie  allied  CL>ni!ition,tliarrliocLi.  8usi>ended  earthy 
matters,  susj>enrletl  aninuil  organic  matter,  calcium  and  magne^iium  sulphates 
ami  chlorides,  calcium  and  ammonium  nitrates,  large  quantities  of  sodium 
and  magnesium  chlorides  in  solution,  appear  tu  be  the  usual  ingredients ; 
but  tliore  are  few  perfect  analyses  yet  known. 

The  observations  which  prove  su  satisfactorily  that  the  dysentc^rlc  stools 
can  propagate  the  disease,  make  it  extremely  probable  iliat,  as  in  the  case  of 
enteric  fever  and  cholera,  the  accidental  passage  of  dysenteric  evacuations 
into  drinkmg  water  has  a  considerable  share  in  spreading  the  disease, 

2»    SPECIFIC    DI9EA.SES. 

That  some  of  the  sfjccific  disinises  are  disseminated  by  drinking  wate: 
a  fjict  which  has  only  attracted  its  due  share  of  attention  of  late  years.     It 
is  certaiidy  one  of  the  most  important  steps  in  etiology  which  has  been  made 


4 
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1  See  i  review  by  tlici  late  Dr  Pjtrkes  on  Dysenttiry,  m  th<?  BritUh  and  Foreign  MedktU  and 
Chirurmcal  JUinew  for  1847,  for  fulkir  details  of  tkk  epidtijiiie. 
■  Indian  AnnaU,  No.  17,  p.  70,  1861. 
•  Hiwch,  op.  cit.,  iii.  360. 
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in  tliid  century,  and  the  cljiaf  merit  of  its  dificovery  is  due  to  the  late  Dr 
8u  ow. 

Maiarimis  Fevei's. 

Ilippourates  states  thiit  ikm  spleens  of  thoso  who  drink  th^^  water  of  marshes 
beeome  enlarged  and  liard ;  and  Khazes  not  only  asi^erttid  this,  but  alhriued 
that  it  generated  fevers.  Little  utt'eiitioii  tieenis  to  have  been  ptdd  to  tliis 
re  murk,  and  in  niodern  tiiues  the  o  pinion  of  Laneit^i,  that  the  tdi'  uf  inariihes 
is  the  stde  cuUHe  uf  in tt^rmit tents,  ha^a  been  so  generally  udtjptedj  that  the 
piissibihty  of  the  intrtKluctii>n  of  the  eauHc  by  means  of  water,  as  well  a^  of 
air,  was  overlooked.  Still,  it  ban  Imen  a  very  general  belief  among  the 
iidiabiUmts  uf  mai-j^hy  eomitries  that  the  water  can  proiluce  fever.  On 
making  stjine  inquiriei^  of  the  mhabitjint^  of  the  hlf^hly  malarious  plains  of 
Troy  during  the  Crimean  war,  I)r  l*arke,s  fDUiid  the  villagers  maversally 
stated,  that  those  who  drank  marsh  water  had  fever  at  all  times  of  the  yeiu, 
while  those  who  diimk  pure  water  oidy  got  ague  during  tlie  late  summer  and 
autumnal  months.  The  same  belief  is  prevalent  in  the  south  of  India  ;  and  in 
Western  Ciindeiah,  Ctmara,  Bidaghut,  and  Mysore,  and  in  the  deadly  Wynaad 
district,  it  h  stated  by  Mr  IfettingtoUj  of  the  Mudras  Civil  Serviee,  that  it 
*48  notorions  that  the  water  protlueea  fever  and  affections  of  the  spleem" 
The  e^aay  l»y  this  gentleman  ^  gives,  indeetl,  sr»me  extremtdy  strong  evidence 
on  this  jx>int.  He  refers  to  villages  placed  imder  the  siime  e< juditionfi  as  to 
marsli  air,  but  hi  some  of  wliieh  fevers  are  prevalent,  in  otliers  not ;  the  oidy 
ditfeivnet-  i^  that  the  lattir  are  supidieil  ^vith  pnn^  wat<ir,  the  former  with 
mai-sh  yr  luiUah  watur  full  of  vegetable  debris,  'in  one  village  there  were 
two  Bouixjes  of  Hupply — a  tank  fed  by  surface  and  marah  water,  and  a  si>ring  ; 
those  only  who  drank  the  tank  water  got  fever.  In  a  village  (TidHwaree) 
no  one  used  to  escape  tlui  fever ;  ^Ir  Bettington  dug  a  weD,  tlie  fever  dis- 
flpj>eared,  and,  during  fourteen  years,  had  not  returned.  Another  village 
(Tanibatz)  was  also  **  notoriously  unliealthy  ^* ;  a  well  wiis  dug,  and  the 
inhabitants  became  healtliy.  !Nu tiling  can  well  be  stronger  than  the  jkj^- 
tive  and  negative  evidence  brought  forwaid  in  this  i»aper. 

Dr  Moore  ^  also  noted  his  ivi>inion  of  malarious  disease  being  thus  pro- 
duced;  and  M.  C<  iuimaille '^  has  since  statt-d,  that  in  Mai'seilles  par<jxy8mal 
fevers,  formerly  unknown,  havf  made  their  appearance,  shice  the  supply  to 
the  city  has  been  titkLai  frtan  tlie  eanal  of  Marseilles.  In  reference  also  to 
this  i>oint,  Ih'  TtJwriBend,  thti  Sanitiiiy  Comniiiisioner  for  the  Centrtil  Pro- 
vinces in  Imliu,  mentions  in  one  of  his  able  reports^  that  tbe  natives  have 
a  current  opiidon  that  the  URe  of  river  and  tank  water  in  tbe  rainy  season 
(when  the  water  always  contains  much  vegetable  matter)  will  almost  cer- 
tiUJily  jiroduce  fever  {Le.<^  ague),  and  he  believes  that  tlieie  are  many  circum- 
stances  supi>ortuig  this  view.  In  tliis  way  the  prevalence  of  ague  io  dry 
eleviited  spot^  is  often,  he  tliinks,  to  be  explained.  He  numtinns  also  that 
the  people  who  use  the  water  of  streams  dndning  fur  est  lands  and  rice  fields 
"suffer  more  severely  from  fever  (ague)  than  the  inliabitiuits  of  the  «ii>en 
plaui  thawing  their  water  bxnn  a  soii  tm  which  wlieat  grows."  In  tbe  fonner 
case  there  is  far  more  vegetable  matter  In  tlie  water.  The  Upn>er  Gmlavery 
tract  is  said  to  be  the  most  aguish  in  the  provhice,  yet  there  is  not  an  acre  of 
nnirsJjy  ground  ;  the  jx^uple  use  tJie  water  of  the  Godavery,  which  drains 
more  dense  forest  land  than  any  river  in  India. 


^  Indian  AnmtU,  18ik3,  p.  52(5.  «  Indian  Amnait,  1897. 

*  Ji06.  d€  Mim,  de  MtU,  MxL,  Nov.  1808,  p.  427. 

*  For  1870,  published  at  NA|ji»ore  ia  1871,  i^m.  143  ti  i«q. 
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In  the  belt  of  marshy  land  and  forest  stretchmg  along  the  base  of  tho 
Hiinalayns,  and  known  ai?  the  Temi,  it  has  always  heen  the  beh't'f  that  the 
tninsmissioD  of  malarial  fever  waa  caused  by  drinking  water.  Mr  Wialley 
states^  that  a  party  of  workmen,  sent  to  repair  a  bridge  over  the  Choka, 
and  who  were  dependent  on  this  stream  for  their  drinking  water,  suffered 
severely  from  fever,  only  tliree  esciiping  out  of  thirty,  and  many  dying, 
*Since  then  a  deep  masonry  well  has  been  constructed  a  few  hundred  yardi! 
from  the  bridge,  and  the  Forest  giianls  who  are  located  there,  and  drink 
only  the  well  water,  find  the  Rtation  as  healthy  iis  any  other. 

In  the  **Landeft"  (of  s<juth-we8t  France),  the  water  from  the  extensive^ 
^mdy  plain  contains  much  vegetiible  matter,  ohttiiiied  from  the  vegetable 
deposit,  which  hinds  t<igether  the  siliceous  particles  of  tlie  atibsoil-  It  has 
a  marshy  .siaelJ,  and,  according  to  Faure,  produces  interiuittents  and  visceral 
engorgements.  Dr  Blane,  in  liL^  papers  on  Aliyssuiia,  mentions  that  on 
the  march  from  Massowab  to  the  Higlilands,  l^fr  Priileaux  and  himself,  who 
drank  water  only  in  the  form  of  tea  or  coffee,  entirely  escaped  fever,  while 
the  others  who  were  less  careful  suffered,  and,  as  Dr  Blanc  believes,  froi 
the  water. 

The  same  facts  have  been  noticed  in  this  country.  Many  years  ago  MrJ 
Blower  of  Bedford  mentioned  a  case  in  which  the  ague  of  a  village  had  been 
much  lessL-ned  Ity  digging  welk,  and  he  refers  to  an  instance  in  w^hich,  in 
the  imrish  of  Hough  tun,  alniost  the  only  family  which  escaped  ague  at  one 
time  was  that  of  a  farmer  who  used  well-water,  wliile  all  tlie  other  persons 
drank  ditch-water.^ 

It  is  possible  that  the  great  decline  of  agues  in  England  js  partly  due  to 
a  purer  drinking  water  being  now  tu^ed.  Formerly,  there  can  be  little  doubt, 
when  there  was  no  organised  supply,  and  much  fewer  wells  existetl,  the  people 
must  have  taken  their  supply  from  surface  collections  and  ditches*  as  theyi 
did  fc»nnerly  at  Sin?  em  ess,  where  fever  wfis  very  [prevalent. 

The  case  of  the  "  Argo,'*  recorded  by  Btjudin,^^  is  an  extremely  strong  om 
In  1834,  800  suldiera  in  good  health  emlmrked  in  three  vessels  to  pass  fporn 
Bona  in  Algiei*s  to  Marseilles.  They  all  arrived  at  Marseilles  the  same  day, 
In  two  vessels  there  were  680  men  without  a  single  sick  man.  In  the  tbinl 
vessel,  the  "Argo,"  there  had  been  120  men,  thirteen  died  during  the  short 
passage  {time  not  given),  and  of  the  107  survivors  no  less  than  98  were  dis- 
embarked with  all  forms  of  paludal  fevers,  and  as  Bon  din  Idmself  saw  the 
men^  there  was  no  doubt  of  the  diagnosis.  The  crew  of  the  "Argo"  had 
not  a  single  sick  miin.  All  the  soldiers  had  been  exixised  to  the  same 
influences  of  atmosphere  before  enil>arkation.  The  crew  and  the  soldiers  of 
the  "  Argo  "  were  exposed  t«  the  same  atmosjjlieric  condition  diu'ing  the 
voyage ;  the  influence  of  air  seems  tlierefore  exclmled.  There  is  no  notice 
of  the  foLxl,  but  the  production  of  malarious  fever  from  food  has  never  been 
suggested.  The  water  was,  however,  different — in  the  two  healthy  ships 
the  w^ater  Wiis  gowl.  The  soldiers  on  boartl  the  "  Argo  ^'  had  been  supplied 
with  water  from  a  marsb,  wliich  3iad  a  disagreeable  taste  and  odour ;  the 
crew  of  the  "  Argo  "  had  pure  water.  The  evidence  seems  hero  as  neiirly  ^J 
complete  as  could  be  wished.*  ^H 

One  very  important  circumstance  is  tlie  rnpidity  of  development  of  the  ^^ 
malarirtus  disease  and  its  fatality  when  introthu^ed  in  water.     It  is  the  same 
thing  i%s  in  the  case  of  tliarrlio3a  and  dysentery.     Either  the  fever-making 

J  B.  M.  /.,  Nov.  1884. 

*  Snow,  On  the  Mode  qf  Communieaiion  of  ChvUra,  Snd  edit.,  1856,  p.  130, 
>  Traifi  tU  OfoamphU  el  dt  StatiHi^te  Mklicaleg,  1857,  t.  L  [\  142.  i 

*  mtter,  Birseh  in  Jahratf.  /«f  gm,  Mtd,  for  1880,  p.  162.  I 
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cause  must  be  in  larger  quantity  in  the  water,  or,  what  is  equally  probable, 
must  be  more  readily  taken  up  into  the  circulation  and  carried  to  the  spleen, 
than  when  the  cause  enters  by  the  lungs. 

An  instructive  case  is  recorded  by  Surgeon-General  Faugh t.^  The 
artillery  quartered  at  Tilbury  Fort  (in  the  Gravesend  district)  have  generally 
suffered  more  or  less  from  ague,  whilst  the  people  at  the  railway  station,  and 
the  coastguard  and  their  families  in  the  ship  lying  just  outside  the  fort> 
never  suffer  from  malarious  poisoning.  The  troops  have  been  supplied  with 
drinking  water  from  two  underground  tanks  which  receive  rain-water  from 
the  roof  of  the  barracks,  whilst  the  other  persons  above  mentioned  draw 
their  drinking  water  from  a  spring  near  the  railway  station.  In  the  six 
months,  from  January  to  Jime  1873,  there  were  amongst  the  troops  12 
admissions  for  ague  out  of  a  strength  of  102.  From  December  1873  to  July 
1874  they  were  supplied  from  the  spring  near  the  railway  station,  on 
accoimt  of  the  barrack  tanks  being  out  of  repair.  From  December  1873  to 
July  1874  there  was  only  one  case  out  of  a  strength  of  90  men ;  while  from 
November  1874,  when  the  water  from  the  tanks  was  brought  into  use 
again,  until  March  1875,  there  were  four  cases  out  of  a  strength  of  53  men.^ 

Another  case  of  importance  is  that  recoimted  by  C.  Smart,  Capt.  and 
Assist.  Surg.,  U.S.A.^  In  the  Rocky  Mountain  district  of  North  America 
a  fever  prevails,  which  is  popularly  known  as  the  Mountain  fever ;  it  is  of  a 
remittent  type,  and  is  amenable  to  quinine.  There  is,  however,  no  malarious 
district  in  the  neighbourhood,  and  cases  of  intermittent  fever  from  the  plains 
recover  rapidly  there;  the  disease  occurs  sometimes  when  the  thermo- 
meter is  at  times  below  zero,  and  always  below  the  freezing-point,  but  most 
frequently  at  times  when  fever  does  not  occur  in  the  plains,  but  which 
coincide  with  the  melting  of  the  snows,  viz..  May,  June,  and  July.  Dr 
Smart  found  that  all  the  water  in  the  rivers  contained  a  large  excess  of 
organic  matter,  the  purest  showing  from  0*019  to  0*028  per  100,000  of 
albuminoid  ammonia,  whilst  the  springs  showed  only  0*010.  The  amount 
was  much  increased  after  heavy  snow-fall,  and  on  analysing  the  snow  he 
was  surprised  to  find  it  contained  a  large  excess  of  organic  matter,  especially 
that  which  fell  in  large  heavy  flakes  (as  high  sometimes  as  0*058  of  albu- 
minoid ammonia).  Dr  Smart  concludes  that  vegetable  organic  matter  is 
blown  up  from  the  plains  and  precipitated  with  the  snow,  and,  when  the 
latter  melts,  carried  into  the  streams.  The  exclusion  of  the  snow-waters  and 
heavy  rainfalls,  by  erecting  storage  reservoirs,  gave  the  place  a  comparatively 
pure  spring  water  at  all  times,  imd  this  fever  occurred  aftenvards  but 
slightly. 

In  opposition,  however,  to  all  these  statements  must  be  placed  a  remark 
of  FinkeX*  that  in  Hungary  and  Holland  marsh  water  is  daily  taken  with- 
out injury ;  but  in  Hungary,  Dr  Grosz  states  that,  to  avoid  the  injurious 
effects  of  the  marsh  water,  it  is  customary  to  mix  brandy  "vvith  it.*  Professor 
Colin,  of  the  Val  de  Grace,  who  is  so  well  known  for  his  researches  on 
intermittent  fever,**  questions  the  production  of  paroxysmal  fevers  by  marsh 
water.     He  cites  numerous  cases  in  Algiers  and  Italy,  where  impure  marsh 

1  Army  Medical  Reports^  vol.  xvil  j).  212. 

'^  An  analysis  of  the  waters  showed  that  the  tanks  were  exposed  to  soakage  from  the  sur- 
rounding s^t  marsh  ;  for  the  so-called  rain-water  yielded  59  parts  per  100,000  of  total  solids 
in  the  one  case,  and  207  '5  in  the  other  ;  the  chlorine  being  respectively  18  and  47. 

3  For  details  see  A.M.D.  Reports ,  voL  xix.  p.  190. 

*  Oesterlen's  Uandb.  der  Hygiene,  2nd  edit.,  1857,  p.  129;  footnote. 

»  Quotiid  by  Wutzur,  Jteise  in  dem  Orient  JSuropaa,  band.  i.  p.  101. 

«  De  V Ingestion  des  eaux  Afaricageuses  comme  cause  de  la  Dysentirie  et  ties  Fihjres  Inter^ 
mitientest  par  L.  Colin,  Paris,  1872. 
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water  gave  rise  to  indigestion,  diarrhoea,  and  dysentery,  but  in  no  case  to 
intermittent  fever,  and  in  all  his  observations  he  has  never  met  with  an 
instance  of  such  an  origin  of  ague.  He  therefore  denies  this  power,  and  in 
reference  to  the  celebrated  case  of  the  "  Argo,"  without  venturing  to  contest 
it,  he  yet  views  it  with  suspicion,  and  questions  whether  Boudin  has  given 
the  exact  details. 

Hirsch  considers  that  the  observations,  which  have  been  adduced  to  prove 
the  diffusion  of  malaria  by  means  of  drinking  water,  do  not  bear  the  con- 
structions that  the  writers  put  upon  them ;  and  he  believes  that  there  is 
no  proof  of  the  propagation  of  the  disease  by  this  means. ^ 

W.  North 2  adduces  the  fact  that  "the  healthiest  parts  of  the  city  of 
Rome  are  supplied  by  water  admitted  to  be  the  best  in  the  world,  and  which 
rises — to  take  the  Acqua  di  Trevi  or  Acqua  Vergine  as  an  example — on 
unenclosed  land,  in  springs  which  bubble  up  and  cover  the  surface  in  a 
locality  so  unhealthy,  that  to  pass  several  nights  there  in  August  might 
involve  risk  to  life,  tmd  certainly  to  health."  He  thinks  that  "  proof  tiiat 
the  malarial  aflfection  can  be  conveyed  by  water  is  wanting,  though  very 
largely  credited  by  the  natives  of  countries  where  the  disease  prevails."  As 
yet  the  views  of  Klebs  and  Tommasi-Crudeli  have  not  been  confirmed. 

Enteric  Fever. 

The  belief  that  enteric  fever  can  spread  by  means  of  water  as  well  as  air 
appears  to  be  quite  of  modern  origin,  though  some  epidemics,  such  as  the 
"  Schleim-fieber  "  of  Gottingen  in  1760,  were  attributed  in  part  to  the  use  of 
impure  water.  In  1822,  Walz,  at  Saarlouis,  in  1843,  Miiller,  at  Mayence, 
and  in  1848,  E.  A.  "W.  Richter,  at  Vieima,  published  cases  illustrative  of 
this.^  In  1852  Dr  Austin  Flint*  published  the  particulars  of  a  similar 
outbreak  of  enteric  fever  at  the  hamlet  of  North  Boston  (Erie,  U.S.)  in 
1843. 

In  1852-3  a  severe  outbreak  of  enteric  fever  took  place  at  Croydon,  and 
was  thoroughly  investigated  by  many  competent  observers ;  and  it  was  shown 
by  Dr  A.  Carpenter  that  it  was  partly,  at  any  rate,  spread  by  the  pollution 
of  the  drinking  water  from  the  contents  of  cesspools. 

In  1856  Dr  Routh,^  and  in  1859  Dr  W.  Budd,<^  published  very  conclusive 
cases.  The  latter  had  long  been  convinced  of  the  occasional  propagation  of 
enteric  fever  in  this  way. 

In  1860  an  outl)reak  of  enteric  fever  occurred  at  the  convent  of  Sisters  of 
Charity  at  Munich.  31  persons  out  of  120  were  attacked  between  15th 
September  and  the  4th  of  October  with  severe  illness,  and  14  of  these  cases 
were  true  enteric  ;  4  died.  The  cause  was  traced  to  wells  impregnated  with 
much  organic  matter  (and  among  other  things  enteric  dejections),  and  con- 
taining nitmtes  and  lime.  On  the  cessation  of  the  use  of  this  water  the 
fever  ceased.*' 

In  1866  enteric  fever  broke  out  in  a  girls'  school  at  Bishopstoke,  near 
Southampton,  and  was  traced  imequivocally  to  the  bursting  of  a  sewer  pipe 
into  the  well.     The  water  was  disagreeable  both  to  smell  and  taste.     17  or 

1  Op.  city  vol.  i,  p.  296. 

9  BM.J.,  1887,  I  932. 

^  AU  these  cases  are  related  by  Riecke  in  his  excellent  work,  Der  Kriegs  und  Friedens- 
TyphiiSy  Nordhausen,  1850,  pp.  44-68. 

*  Clinical  Reports  on  Continued  Fever,  by  Austin  Flint,  M.D.,  Buffalo,  1862,  p.  880. 

5  Fcccal  Fermentation  as  a  Cause  of  Disease.    Pamphlet.     Lond.  1866,  p.  34. 

«  Lancet,  Oct.  29,  1859,  p.  432. 

7  Edinburgh  Medical  Jimmal,  Jan.  1862,  p.  1153  ;  see  also  Gietl,  Die  Ursachen  des  Enter- 
Typhus  in  M^nchen,  1865,  p.  58. 
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18  persons  were  effected  out  of  26  or  28.  Several  very  striking  instances 
are  recorded  in  Sir  J.  Simon's  Rep)ort8  by  Drs  Seaton,  Buchanan,  and  Thome,  ^ 
and  in  some  of  the^e  cases  analyses  of  the  water  were  made  which  showed  it 
to  be  impure,  and  to  contain  organic  sewage  or  its  derivatives.  Dr  De 
Renzy  has  also  published  a  remarkable  paper  on  the  extinction  of  enteric 
fever  in  Millbank  Prison,  and  shows  that  enteric  fever  prevailed  constantly 
until  1854,  the  water-supply  being  derived  from  the  Thames.  After  this  it 
was  taken  from  an  Artesian  well  in  Trafalgar  Square:  only  3  deaths 
occurred  from  1854  to  1872,  and  no  case  at  all  since  1865.^ 

At  Guildford,^  in  1867,  an  outbreak  occurred,  almost  exclusively  amongst 
the  dwellers  in  a  particular  area  of  water-supply.  This  particular  area  of 
330  houses  had  been  exceptionally  supplied  on  one  day  in  August  with 
water  from  a  new  well ;  the  epidemic  broke  out  ten  or  eleven  days  after- 
wards. On  examination  the  water  was  found  to  be  polluted  with  organic 
matter;  the  well  was  situated  in  porous  and  fissured  chalk,  dangerously 
near  a  sewer,  and  this  was  found  to  be  leaking. 

An  interesting  outbreak  is  that  of  Lausen*  in  Switzerland,  which  occurred 
in  1872.  The  cases  were  confined  to  those  who  drank  water  from  a  certain 
spring.  On  the  other  side  of  a  hiD,  300  feet  high,  was  a  brook  contami- 
nated with  enteric  excreta :  when  this  Furler  brook  was  dammed  up  to 
water  the  meadows,  it  was  noticed  that  the  spring  at  Lausen  became  turbid 
and  bad  tasting.  Shortly  afterwards  10  persons  were  attacked  in  one  day, 
and  57  more  in  the  nine  days  following.  Salt  was  put  into  the  Furler 
brook,  and  its  presence  detected  in  the  water  at  Lausen,  clearly  showing  a 
direct  connection. 

A  destructive  outbreak  took  place  at  Caterham  and  Redhill  during  1878. 
This  was  investigated  by  Dr  Thorne  Thorne,  who  traced  it  to  contamination 
of  the  water-supply  by  the  stools  of  a  workman  suffering  from  mild  enteric 
fever,  who  was  employed  in  the  Company's  wells.  Tlie  disease  was  confined 
to  those  who  consumed  the  water,  and  ceased  after  the  wells  were  pumped 
out  and  cleansed.  The  inmates  of  the  Lunatic  Asylum  and  the  detachment 
of  troops  at  Caterham  barracks  used  the  water  from  the  asylum  well,  and  did 
not  suffer.^ 

An  outbreak  of  enteric  fever  at  the  Hampshire  Lunatic  Asylum  at  Fare- 
ham  has  been  traced  by  Mr  Rogers  Field,^  to  the  use  of  water  originally 
pure,  which  had  become  polluted  by  spreading  sewage  on  a  portion  of  the 
land,  also  by  percolation  from  the  cemetery :  the  underground  flow  from  the 
neighbourhood  of  the  cemetery  and  the  sewage  works  was  in  the  direction 
of  the  well. 

An  epidemic  occurred  at  New  Herrington,  Durham,"  in  April  1889:  275 
cases  were  reported  between  1st  April  and  7th  June,  when  the  epidemic 
may  be  said  to  have  ceased.  The  cause  was  traced  by  the  late  Dr  Page  to 
the  pollution  of  a  deep  well  (330  feet)  by  the  overflow  from  a  tank  containing 

1  Dr  Seaton's  Rejwrt  on  Tottenham  {Rep&H  of  Medical  (Mcer  to  t?ie  Privy  Council  for  1866, 
p.  215);  Dr  Thome's  report  on  Terliug  (/Wd.,  p.  41);  Dr  Buchanan's  K€jx)rt  on  Wicken- 
Bonant  (12^  Report^  p.  72).  In  all  these  instances  the  evidence  reaches  the  highest  degree  of 
probability,  and  in  the  cases  of  Guildford  and  Wicken-Bonant  of  almost  absolute  certainty. 
See  also  Report  on  Sherborne  by  Dr  Bhucall j  on  Caius  College,  Cambridge,  by  Dr  Buchanan 
(both  in  No.  ii.,  new  series) ;  on  Lewes,  by  Dr  Thome  (No.  iv.,  new  series) ;  also  the  case  of 
Over-Darwen  {Sanitary  Record,  1875) ;  case  given  by  Dr  Stallard  {Lanut,  Feb.  1872) ;  Dr 
Barclay's  Reports  on  Bangalore  {Army  Med.  Reports y  vol.  xiii.  p.  208). 

«  Lancet^  June  1872,  p.  787. 

»  Raaori  of  Medical  Officer  to  Privy  Council,  1867. 

*  Wilson's  Hygiene,  JO.  238. 

»  See  Report  by  Dr  Thome  ;  also  A.M.D.  Reports,  vol.  xx.  p.  222. 

>  Transactiona  San.  Institute,  vol.  viii  p.  254. 

7  Local  Gov.  Board  Report,  by  Dr  Page,  Sept.  1889. 
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fiU'ui  sewage,  situated  three-(|iiarters  of  a  mile  above  tliis  well.  The  overflow 
ftsnaped  and  disappeiired  dowa  a  fissure  in  the  gmtmd,  which  entered  the 
Wf  11  through  a  crack  in  the  steining  45  feet  below  the  .surface.  Two  tons  of 
sivlt  were  thrown  down  this  fis^ure^  and  the  chlorine  entering  the  well 
tlirough  the  **fetHler,"  rose  from  4  to  a  maximimi  of  24  grains  per  gallon* 
Specitic  contji ruination  of  the  farin-liotise  sewage  could  not  he  maile  uiit,  no 
iliness  resembling  enteric  fever  having  been  known  tliere  fur  some  j^ears. 

That  wiitc^r  ruity  be  the  medium  of  propagating  enteric  fever  thus  seeina 
to  be  pr<>ve<l  by  sufficient  evidence;  and  it  has  been  admitted  by  njen  who 
have  paid  special  attention  to  this  subject,  as  Jemier,  W.  Budd,  Simon,  aiid 
Hiri?ch,^  who  considers  tliat  few  poiut.s  in  the  etiology  of  enteric  are  so  cer- 
tainly proved  as  the  conveyance  of  the  morbid  poison  hy  drinking  water,  or 
!iy  food  contaminated  witli  infected  water. 

On  the  other  hand,  iVrnould,^  while  not  denying  its  possibilitj*,  dne«  not 
consider  that  drinking  water  is  at  iill  a  usual  mode  of  spread  of  enteric  fever, 
since  tlie  Lhseitse  can  only  he  conveyed  l>y  the  typht»id  bticUluSf  and  the 
development  and  multiplication  of  this  orgiiniwin  are  liindered  by  the  pre- 
sence of.  other  a(]uatic  bacterial  forms.  He  ftinnulates  the  position  thus : 
typboiil  fever  can  be  conveyed  by  water,  when  its  eontsimiiiation  by  the 
dejection  i>f  typln>id  patients  lias  lieen  recent  imd  ilireet.^ 

He  liolds  the  same  view  with  reganl  to  eliolem,  that  its  propagation  by 
water  is  nr>t  impoBsible,  after  recent  and  direct  contamination  with  choleraic 
excreta,  but  that  this  is  very  rare. 

Tlie  spread  of  the  cUse^ise  through  the  medium  oi  milk  ha,s  now  been 
ahiindiuitly  proved,  the  poison  having  gained  aece-ss  to  tlie  milk  no  doubt 
through  w^ater, 

Twti  rpiestions  arise  in  Ciameetion  witli  this  subject — 

1.  As  ent<3ric  fever  tmdoulitedly  spreads  also  through  the  air,  What  is  the 
proportion  of  eases  disseminated  by  water  as  comparetl  with  those  dissemi- 
nated by  ail  ?  This  que^stion  cannot  be  answered,  because  the  conditions 
under  which  tlje  cases  occur  are  so  dissimilar. 

Thi'r<^  is  one  jxiint  of  some  interest.  ^\'lien  the  dates  of  attack  are  given, 
it  m  curious  t4i  observe  how  short  the  incubative  period  appears  to  be  ]  while 
rt  is  )>robable  that  it  t^ikes  many  ilays  (8  to  14)  aftt^r  the  enteric  poison  has 
entered  with  the  air  befrjre  tlu*  early  malaise  comes  on — in  some  of  the  cases 
of  enteric  fever  Itrought  on  l>y  water,  two  or  three  days  only  elapse  before 
the  syin]it4ans  are  marked.*  t^Hiineke,  of  Bt-rne,  [>ublished  some  cases  due  to 
thinking  contaminatf  d  water,  where  the  incubation  period  ^vas  very  accur- 
ately determined:  the  shorte^st  was  8  days,  and  the  longest  bet^veen  16  and 
18  days.  From  10  ki  lo  days  is  the  usual  period  in  enteric  fever  how^ever 
propagated.^ 


1  Cto.  ciL,  voL  i.  p.  678. 
*  Op,  i  ' 


Op.  ciL^  \\  197. 

•J  In  the  case  ot  an  epideniii'  at  Saiut  Brieuc,  the  well  water  wtL^  exniiiined^  and  dhawed  (by 
iulti  rations)  the  tu'eatuce  of  putntf active  bacteria,  a  vtreptococctt,^  like  that  (bund  in  taaim  anil 
Eherth's  bfu^ilius ;  the  water  contained  much  limt*,  phasphates,  ami  organic  matter  (/?,J/.y., 
1888,  ii.  896). 

*  Dt  W.  Budd  sAVs,  in  a  letter  to  the  latt?  Dr  Parkes, — **  In  the  ciwes  in  "whit^h  tlie  pni«on 
iji  ooiiveycd  by  water*  infection  se*jinjj  to  b«  much  more  certain  ;  and  I  have  reaj*on  to  think  that 
the  period  of  incnbation  i^  materially  shortened.  An  illnstration  of  this  seem^  to  lie  furnished 
by  tlie  memorahle  outbreak  wbich  occtirrBdl  at  Cowbridge  Horae  yean  ago,  and  whitli  presented 
tbia  unexaiiipled  fact  that  ont  of  some  90  or  100  jxTMOUsi  who  wont  to  a  race  ball  at  the  prin- 
cipttl  inn  there,  more  than  one-third  were  within  a  .short  time  laid  up  mth  fever.  In  this  ciusc 
there  waa  satisfactory  rea^^on  to  tiiink  that  the  water  waa  contaminated^  though  there  was  no 
chemical  examination."  In  tlio  attack  at  Guildford,  boi^everp  the  incubative  period  was  Dot 
sliortene<l,  hs  I>r  Buchanan  calculate:s  it  at  11  day^  :  neither  waa  it  shortened  at  Caterhtun. 

*  Murchi sou's  Fevent^  3rd  edition  l»y  Oiyky,  p*  470. 
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A  very  large  number  also  of  the  susceptible  persons  who  drink  the  water 
are  aflfected. 

2.  Will  decomposing  sewage  in  water  produce  enteric  fever,  or  must  the 
evacuations  of  an  enteric  patient  pass  in?  This  is  part  of  the  larger 
question  of  the  origin  and  propagation  of  specific  poisons.  It  is  certainly 
remarkable,  in  the  range  of  cases  recorded  by  Sclimitt,  how  uniformly  the 
possibility  of  the  passage  of  enteric  stools  is  disregarded.  Everything  is 
attributed  to  feecal  matters  merely.  A  case  recorded  by  Dr  Downes,^  in 
which  six  cases  of  enteric  fever  resulted  from  the  overflow  of  non-enteric; 
sewage  into  a  well,  supports  this  view.  On  the  other  hand,  in  some  of  the 
cases  recorded,*  contaminated  water  had  been  used  for  some  time  without 
producing  enteric  fever.  Persons  affected  with  enteric  fever  then  entering  the 
place,  their  discharges  passed  into  the  drinking  water,  and  then  an  outbreak 
of  enteric  fever  followed.  An  extremely  strong  case  is  given  by  Ballard.'* 
Very  polluted  water  had  been  used  for  years  by  the  inhabitants  of  the  village 
of  Nunney  without  causing  fever,  when  a  person  with  enteric  fever  came 
from  a  distance  to  the  village,  and  the  excreta  from  this  person  were  washed 
into  the  stream  supplying  the  village.  Between  June  and  October  1872  no 
less  than  76  cases  occurred  out  of  a  population  of  832  persons.  All  those 
attacked  drank  the  stream  water  habitually  or  occasionally.  All  who  used 
filtered  rain  or  well  water  escaped,  except  one  family  who  used  the  water  of 
a  well  only  4  or  5  yards  from  the  brook.  The  case  seems  quite  clear — first, 
that  the  water  caused  the  disease ;  and  secondly,  that  though  polluted  with 
excrement  for  years,  no  enteric  fever  appeared  until  an  imported  case 
introduced  the  virus.  Positive  evidence  of  this  kind  seems  conclusive, 
and  we  may  now  safely  assume  that  the  presence  of  enteric  evacuations  in 
the  water  is  necessary.  Common  faBcal  matter  may  produce  diarrhoea, 
which  may  perhaps  be  febrile,"*  but  for  the  production  of  enteric  fever  the 
specific  agent  must  be  present.  The  opinion  that  the  stools  of  enteric  fever 
are  the  special  carriers  of  the  poison  was  first  explicitly  stated  by  Canstatt,^ 
and  was  also  ably  argued  by  W.  Budd. 

Cholera. 

Few  of  the  earlier  investigators  of  cholera  appear  to  have  imagined  that 
the  specific  poison  might  find  entrance  by  the  means  of  drinking  water. 
There  is  an  intimation  of  the  kind  in  a  remark  by  Dr  Mttller ;  ^  and  Jame- 
son "^  alludes  to  the  effect  of  impure  water,  but  in  a  cursory  way. 

In  1849  the  late  Dr  Snow,  in  investigating  some  circumscribed  outbreaks 
of  cholera  in  Horsleydown,  Wandsworth,  and  other  places,  came  to  the 
conclusion  that,  in  these  instances,  the  disease  arose  from  cholera  eva- 
cuations finding  their  way  into  the  drinking  water.      Judging  from   the 


1  Lancet,  27th  April  1872. 

a  Archiv  der  HeUk.,  vol.  xii.  p.  134  (1871). 

'  Report  to  the  Local  Oovemment  Board  on  an  outbreak  of  enteric  fever  at  Nunney,  Sept. 
1872. 

*  A  good  instance  is  given  by  Mr  R.  Bond-Moore  (London  Medical  Record,  May  27,  1874, 
nage  327),  as  occurring  at  Sedgely  Park  School.  Two  years  previously  the  water-supply 
beciEune  contaminated  with  ordinary  sewage,  but  no  enteric  fever  resulted,  although  there  was 
diarrhoea,  sickness,  great  languor,  and  great  prostration.  The  leaking  drain  was  repaired, 
and  the  attack  ceased.  Two  years  after  enteric  fever  was  introduced  by  one  of  the  boys,  and 
spread  apparently  bv  the  use  of  the  closets. 

B  **  Wanrscheinlich  sind  die  Exhalationen  des  Krankes,  seine  Excremente,  vieUeicht  die 
tvphdaen  Aftergebilde  im  Darme^  die  Trager  des  Contagiums."— Canstatt,  Sjjec,  Path,  nnd 
Ther.,  2nd  edit.,  band  ii.  p.  582  (1847). 

>  Einige  Bemerkungen  iiber  die  Aaiat.  Cholera,  Hanover,  1848,  p.  36. 

f  Bengal  Report  of  1820. 
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light  of  subsequent  experience,  it  now  seems  extremely  probable  that  this 
was  the  case,  and  to  Dr  Snow  must  certainly  be  attributed  the  very  great 
merit  of  discovering  this  most  important  fact.  At  first,  certainly,  the  evi- 
dence was  defective,^  but  gradually  fresh  instances  were  collected,  and  in 
1854  occurred  the  celebrated  instance  of  the  Broad  Street  pump  in  London, 
which  was  investigated  by  a  committee,  whose  report,  drawn  up  by  Mr  John 
Marshall,  of  University  College,  with  great  logical  power,  contains  the  most 
convincing  evidence  that,  in  that  instance  at  any  rate,  the  poison  of  cholera 
found  its  way  into  the  body  through  drinking  water.^ 

In  1855  Dr  Snow  published  a  second  edition  of  his  book,  giving  an 
account  of  all  the  cases  hitherto  known,  and  adding  some  evidence  also  as  to 
the  introduction  in  this  way  of  other  specific  poisons.^ 

The  facts,  at  present,  may  be  briefly  summed  up  as  follows : — 
1.  Local  outbreaks,  in  which  contamination  of  the  drinking  water  was 
either  proved  or  in  which  the  evidence  of  the  origin  and  succession  of  cases 
seemed  to  make  it  certain  that  the  cause  was  in  the  drinking  water.  In 
England,  Dr  Snow  and  others  have  thus  recorded  cases  occurring  in  1849 
and  1854  at  Horsleydown,  Broad  Street,  Wandsworth,  West  Ham,  &c.  In 
1865  occurred  the  important  outbreak  at  Newcastle-on-Tyne,*  when  all  the 
circumstances  p)ointed  very  strongly  to  the  influence  of  the  impure  Tyne  water. 
In  1 865  also  was  the  remarkable  and  imdoubted  case  of  water-poisoning  at 
Theydon  Bois,  recorded  by  Mr  Radclifi'e,^  and  in  the  following  year  the 
violent  outbreak  in  the  East  of  London  was  supposed  to  be  connected  with 
the  circulation  of  impure  water  byjthe  East  London  Water  Works  Com- 
pany. Much  discussion  has  taken  place  as  to  the  real  influence  of  the 
impure  water,  which  it  is  admitted  on  all  hands  was  used.  Mr  Radcliffe  ^ 
and  Dr  Farr*''  collected  the  evidence  in  favour  of  the  opinion  that  the 
sudden  outburst  was  really  owing  to  this  water ;  while  Dr  Letheby  and 
some  others  expressed  doubts  on  this  point,  chiefly  on  account  of  the  diffi- 
culty of  reconciling  with  the  hypothesis  certain  exceptional  cases  both 
of  immunity  and  of  attack.  The  evidence  in  favour  of  the  water  being  the 
ctiuse  appears  extremely  strong,  and  far  greater  difliculty  arises  if  that  view 
is  not  received  than  is  caused  by  the  exceptional  cases  referred  to,  of  which 
we  may  not  know  all  the  particulars.  In  the  same  year  (1866)  an  ap- 
parently unequivocal  case  of  production  of  cholera  by  the  drinking  of  water 
of  a  tank  on  board  a  steamer  occurred  at  Southampton.® 


1  There  seemed  at  once  an  a  priori  argument  adverse  to  this  view,  as,  at  that  time,  all  evi- 
dence was  against  the  idea  of  cholera  evacuations  being  capable  of  causing  the  disease.  They 
had  been  tasted  and  drunk  (in  1832)  by  men,  and  been  given  to  animals  without  effect. 
Persons  inoculated  themselves  in  dissections  constantly,  and  bathed  their  hands  in  the  fluids 
of  the  intestines  ;  in  India  the  mehters  who  remove  excreta,  and  everywhere  the  washerwomen 
who  washed  the  clothes  of  the  sick,  did  not  especially  suffer.  And  to  these  arguments  must 
be  added  the  undoubted  fact  that  there  were  serious  deficiencies  of  evidence  in  Dr  Snow's 
early  cases.  (See  review  of  Dr  Parkes  in  the  British  and  Foreign  Medical  and  Chirurgieal 
Review,  April  1855.) 

■•*  Report  im  the  Cholera  Outbreak  in  St  James* s^  Westminster,  in  1854,  London,  Churchill, 
1855.  Every  point  is  discussed  in  this  Report  with  a  candour  and  precision  which  leaves 
nothing  to  be  desired.  For  further  evidence  on  this  outbreak  see  Indian  Sanitary  JUport  : 
evidence  of  Dr  Dundas  Thomson,  p.  272. 

•''  On  the  Mode  of  Communication  of  Cholera,  by  John  Snow,  M.D.  London,  Churchill, 
2nd  edition,  1855. 

*  For  full  ])articulars  see  Dr  Farr's  Report  on  Cholera  in  England,  1866,  p.  33. 

»  Report  of  the  Medical  Officer  to  the  Privy  Council  for  1865  (Eighth  Report),  p.  438. 

«  Report  of  the  Medical  Officer  to  the  Privy  Council  for  1866,  n.  266. 

7  Report  on  the  Cholera  Kpidemic  0/I866  in  England.  Supplement  to  the  29^  AnnucU 
Report  of  the  Registrar-General,  1868. 

«  Report  of  Medical  Officer  to  Privy  Council  for  1866,  p.  244.  lu  this  case  the  water  was 
foul-tasted,  and  was  certainly  contaminated  with  sewage. 
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A  very  striking  case  At  Utrecht  is  noticed  by  Snellen,  and  is  given  by 
T>T  Ballot  of  Rotterdam,  who  has  adduced  much  strong  evidence  on  the 
influence  of  the  foul  water  in  Holland  in  spreading  cholera.^ 

During  the  epidemic  in  1866,  except  in  the  East  London  case,  no  such 
striking  instances  of  local  outbreak  from  water  contamination  were  recorded 
as  in  1849,  but  there  were  in  some  parts,  and  especially  in  Scotland,  as 
noticed  by  Dr  Stevenson  Macadam,^  very  striking  coincidences  between 
the  abatement  of  the  disease  and  the  introduction  of  a  fresh  and  pure 
supply. 

In  Germany  choleraic  water-poisoning  has  not  only  been  less  noticed,  but 
the  great  authority  of  Pettenkofer  is  against  its  occurrence.  At  Munich, 
Pettenkofer^  could  find  no  evidence  whatever  in  favour  of  the  spread  by 
water,  nor  does  he  consider  that  any  further  evidence  was  furnished  by  the 
epidemics  in  Germany  in  1873-74.*  Hirsch,  while  he  admits  that  there  are 
many  well-known  observations  which  make  it  probable  that  some  connection 
exists  between  an  outbreak  of  cholera  and  the  use  of  infected  water,  finds 
that  any  exact  proof  that  this  connection  is  a  direct  one  is  not  forthcoming ; 
inasmuch  as  the  foulest  water  may  act  injuriously,  in  a  general  way,  through 
the  putrescible  matter  it  contains,  and  only  heighten  the  predisposition  of 
the  individual  for  the  specific  attack  of  sickness.^  Gunther,  in  his  careful 
work  on  Cholera  in  Saxony,^  asserts  that  no  influence  whatever  was  exerted 
by  drinkmg  water.  No  evidence  could  be  obtained  either  in  Baden  or  in 
villages  near  Vienna.-^  And  as  in  all  cases  the  observers  were  not  only  quite 
competent,  but  were  fully  cognizant  of  the  opinions  held  in  England,  this 
negative  evidence  is  of  great  weight.  At  the  same  time,  it  cannot  be 
allowed  to  outweigh  the  English  cases,  and,  moreover,  even  in  Germany 
some  positive  evidence  has  been  given.  Dr  Richter®  attributes  a  prepon- 
derant influence  in  a  local  outbreak  among  the  workmen  of  a  sugar  manu- 
factory to  the  pollution  of  the  drinking  water  by  sewage ;  and  a  still  more 
striking  case  is  recorded  by  Dr  Dinger,®  in  which  the  discharges  of  a  cholera 
patient  passed  into  a  brook,  in  which  also  the  clothes  were  washed ;  the 
water  of  this  brook  being  used  for  drinking,  there  was  a  sudden  and  very 
fatal  outbreak  affecting  the  persons  who  took  the  water. 

In  India  the  evidence  for  cholera  water-ix)isoning  has  now  become  very 
strong.  The  great  cholera  outbreak  of  1860  and  1861  was  attributed  by 
some  medical  officers  to  the  defilement  of  tlie  tank  water  "  into  which  the 
general  ordure  of  the  natives  is  washed  during  the  rainy  season  ;"^®  and  still 
more  recently,  what  appears  to  be  a  striking  instance  has  occurred.  No 
one  can  read  the  able  account  given  liy  Dr  J.  M.  Cuningham  and  Dr 


1  Medical  Tutie^  a)id  Gazette^  May  1869.  Thus  it  was  found  that  those  who  drank  the 
water  of  the  Polders  (reclaimed  lands)  died  at  the  rate  of  17*7  jHjr  1000  ;  those  who  drank  the 
well-water,  16'8  per  1000  ;  those  who  drank  river-water,  U-O  |)er  1000  ;  those  who  drank  rain- 
water filtered,  only  5'3  per  1000.  The  city  of  Anistertlam  itself,  supplied  by  an  aqueduct 
with  rain-water  from  the  downs  near  Haarlem,  had  only  4  per  1000.  In  Rotterdam,  during 
the  epidemic,  the  mortality  fell  to  one-half  immediately  on  pure  water  being  sui)plied  in  the 
streets.    (See  paper  by  J.  C.  Jager.) 

■•»  Transactiorui  of  the  Royal  Scottish  Society  of  Arts  ^  vol.  vii.  p.  341  (1867). 

a  Zeitsch./Ur  Biol.,  band  i.  p.  363. 

*  Ueber  Cholera  und  deren  Beziehunff  zur  parasitdren  Lehre,  von  Max  von  Pettenkofer, 
1880. 

«  Op.  cit,  vol.  i.  p.  492. 

«  IHe  indiache  Cnolera  in  Sachsen  im  Jahre  1865,  p.  12.5. 

7  Volz  and  WitlacQ,  auoted  by  Hirsch  in  Jahresb,  der  gen.  Med.  for  1867,  baml  ii.  p.  221. 

»  Archiv  der  Heilk.,  1867,  p.  472. 

»  Archiv  der  Heilk,,  1867,  p.  84. 

10  M'Waiiam,  Epidem.  Society  Trans.,  vol  i.  p.  274. 
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CutlifTe^  of  the  appearance  of  cholera  among  the  vast  crowd  of  pilgrims 
after  the  great  bathing  day  at  Hurdwar,  without  coming  to  the  conclusion 
that  it  was  a  case  of  water-poisoning  on  a  gigantic  scale.  Cholera  broke  out 
again  at  Hurdwar  in  1879  (the  pilgrimage  takes  place  every  twelve  years), 
but  in  his  report  on  this  epidemic  Dr  J.  M.  Cuningham  endeavours  to 
throw  doubts  upon  the  propagation  by  means  of  water.  The  circumstances, 
however,  were  very  similar  in  the  two  cases.  ^  Drs  T.  Lewis  and  Douglas 
Cunningham  discredit  the  influence  of  water  ;^  and  Dr  D.  Cunningham 
says  :  * — "  One  point  seems  worthy  of  remark,  and  that  is,  that  there  is  no 
evidence  of  the  existence  of  any  common  condition  affecting  local  sources  of 
water-supply,  and  simultaneously  affecting  the  prevalence  of  cholera  and 
bowel-complaints. " 

That  in  India,  however,  the  cholera  poison  is  often  carried  by  water 
appears  probable,  not  only  from  the  Hurdwar  outbreaks,'  but  from  ihe  very 
sudden  and  violent  outbreaks  and  the  great  sewage  contamination  in  the 
water  of  many  districts.^ 

In  Central  India  Dr  Townsend  ®  has  given  strong  reasons  for  believing 
that  the  cholera  of  1868-69  was,  to  a  large  extent,  dependent  on  water- 
fouling.  Mr  Macnamara  "^  has  given  some  good  evidence  on  the  same  side, 
and  Dr  Cleghom  ®  has  noted  some  striking  proofs  of  the  same  fact. 

See  also  the  remarkable  case  of  the  Yerrauda  jail,  reported  by  Suigeon- 
Major  H.  Blanc.  Out  of  1279  prisoners  there  were  24  cases  of  cholera  in 
5  days,  with  8  deaths.  Of  those,  22  cases  occurred  among  134  prisoners 
employed  as  a  road-gang,  and  only  2  among  all  the  others  variously 
employed.  It  was  shown  that  the  road-gang  alone  drank  of  water  from  the 
Mootla  River,  a  little  below  the  spot  where  the  clothes  of  two  cholera 
patients  from  the  village  had  been  washed  and  their  bodies  burned  a  few 
days  before.  The  rest  of  the  prisoners  drank  the  usual  water-supply  laid  on 
from  a  lake  near  Poonah.  In  the  two  cases  among  those  otherwise  employed 
direct  infection  was  undoubted  in  one,  as  he  attended  on  cholera  patients,  and, 
contrary  to  orders,  took  his  meals  in  the  cholera  ward,  and  drank  water  that 
had  been  standing  there ;  the  other  man  slept  near  one  of  the  first  cases, 
the  patient  vomiting  in  his  immediate  vicinity. 

Dr  M.  C.  Furnell,  Sanitary  Commissioner  of  Madras,  points  out  the 
immunity  of  Madras  from  cholera  since  the  new  water-supply  was  obtained 
from  the  Red  Hills,  the  same  immunity  extending  to  the  districts  using 
the  water,  whereas  other  places  which  do  not  use  it  still  suffer  from  the 
disease.  Guntur  always  suffered  from  cholera  up  to  1868,  since  which  time 
it  has  been  practically  free,  following  the  greater  care  for  the  water-supply 
begun  by  Dr  Biggvvither  and  carried  out  by  Dr  Tyrrell.®  A  remarkable 
case  is  recorded  by  the  Rev.  J.  Delpech,  at  Vadakencoulam.^^  Cholera  was 
confined  to  the  higher  castes,  who  drank  of  a  particular  well  exposed  to 
contamination.     Among  the  lower  castes  none  suffered,  except  one  woman 

1  Report  of  the  Sanitary  Commissioner  with  the  Gc/vemment  of  Indiu  for  1867,  Calcutta, 
1868. 

^  See  section  vi.  of  the  Sixteenth  Annual  Report  qf  the  Sanitary  Commissioner  with  the 
Government  of  India,  1880. 

3  Cholera  in  Relation  to  Certain  Physical  Phenomena. 

<  Medico- Topographical  Rejport  on  Calcutta. 

•  Vide  Report  on  the  Sanitary  Administration  of  the  Punjatib  for  1867.  and  subsequent 
years,  by  A.  C.  C.  De  Renzv,  Esq.  (Cases  of  Peshawur  and  Amritzur). 

«  Report  on  Cholera  in  the  Central  Provinces. 

7  On  Asiatic  Cholera,  see  p.  328  et  seq. 

8  Indian  Medical  Gazette,  March  1872. 
»  Indian  Medical  Gazette,  Ajuil  1882. 

w  Indian  Medical  Gazette,  Dec.  1879. 
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who  washed  for  the  higher  caste  women.  Tlie  lower  caste  people  drank 
from  other  wells,  which  were  less  exposed  to  pollution. 

Calcutta  showed  a  greatly  diminished  cholera  mortality,  when  the  new 
water-supply  was  furnished  in  1870.  The  subsequent  increase  in  cholera 
was  due  to  the  scarcity  of  the  new  supply  necessitating  the  use  of  "  tank  " 
water.  1 

So  also  in  other  countries ;  in  the  attack  which  caused  such  losses  to  the 
French  Division  in  the  Dobrudscha  in  1855,  when  the  wells  were  supposed 
to  be  poisoned,  and  to  the  English  cavalry  at  Devna,-  the  water  was 
apparently  the  means  of  carrying  the  disease. 

In  evidence  of  this  kind,  we  must  remember  that  each  successive  instance 
adds  more  and  more  weight  to  the  instances  previously  observed,  until,  from 
the  mere  accumulation  of  cases,  the  cogency  of  the  argument  becomes 
irresistible. 

2.  The  evidence  derived  from  such  local  outbreaks  is  supported  by  that 
drawn  from  the  history  of  more  general  attacks,  in  which  districts  supplied 
with  impure  water  by  a  water  company  have  suffered  greatly,  while  other 
districts  in  the  same  locality,  and  presenting  otherwise  the  same  conditions, 
were  supplied  with  pure  water,  and  suffered  very  little.  Thus,  Sir  J.  Simon 
showed  that  in  the  district  supplied  in  1853,  part  by  the  Lambeth  Company 
with  a  pure  water,  and  part  by  the  Southwark  Company  with  an  impure 
water,  the  population  drinking  the  Lambeth  supply  furnished  370  cases  per 
100,000,  while  those  using  the  Southwark  Co.'s  water  furnished  1300 
cases  per  100,000 ;  all  other  circumstances  except  the  water-supply  being 
identical.^  Schiefferdecker,  in  Konigsberg,  has  also  given  evidence  to  show 
the  different  extent  to  which  districts  in  the  same  city  supplied  with  pure 
and  impure  water  suffer.* 

Li  Berlin,  in  1866,  in  the  houses  supplied  with  good  water,  the  number 
of  houses  in  which  cholera  occurred  was  36*6  per  cent. ;  in  the  houses  with 
bad  water,  52*3  per  cent.^ 

3.  Additional  arguments  can  be  drawn  from  instances  in  which  towns 
which  could  not  have  had  water  contaminated  ^vith  sewage  have  escaped, 
and  instances  in  which  towns  which  have  suffered  severely  in  one  epidemic 
have  escaped  a  later  one,  the  only  difference  being  that,  in  the  interval,  the 
supply  of  water  was  improved.  Exeter,  Hull,  Newcastle-on-Tyne,  Glasgow, 
and  Moscow  are  instances  of  this.  Two  xery  good  cases  are  related  by  Sir 
H.  Acland.^  The  parish  of  St  Clement  was  supplied  in  1832  with  filthy 
water  from  a  sewer-receiving  stream.  In  1849  and  1854  the  water  was  from 
a  purer  source.  In  the  first  year,  the  cholera  mortality  was  great ;  in  the 
last  years,  insignificant.  In  Copenliagen  a  fresh  water-supply  was  intro- 
duced in  1859.  Although  choleni  had  prevailed  very  severely  there  pre- 
viously, in  1865  and  1866  there  were  only  a  few  cases."  In  Haarlem,  in 
Holland,  cholera  prevailed  in  great  intensity  in  1849.  In  1866  it  returned, 
and  again  prevailed  as  severely  in  all  parts  of  the  town  except  one.  The 
part  entirely  exempted  in  the  second  epidemic  was  inliabited  by  bleachers, 
who,  between  1849  and  1866,  had  obtained  a  fresh  source  of  pure  water.^ 
In  the  last  epidemic  in  Spain  (1885),  Malaga,  Seville,  and  Toledo  drew 


»  Practitioner,  vol.  xli.,  1888,  pp.  145  and  383. 

*  MS.  essay  of  Dr  CatteU. 

'  Simon,  Public  Health  Reports,  vol.  i.  p.  414. 

*  See  Report  on  Hygiene,  Army  Med.  Dept.  Report,  vol.  xii.  j).  241. 
a  Die  Kanalisation  von  Berlin,  1868,  p.  30. 

«  Cholera  in  Oxford  in  1864,  by  U.  W.  Aclaud,  M.D.,  p.  61. 

7  Horneniaun  in  Virchow's  A  rchiv,  band  63,  j).  166. 

8  Ballot,  British  Med.  Journal,  April  1869. 
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water  from  pure  sources,  and  had  little  cholera ;  on  the  other  hand,  Granada, 
Zaragoza,  and  Aranjuez  derived  water  from  open  canals,  and  suffered 
severely. 

In  looking  back,  with  this  new  reading  of  facts,  it  would  seem  that  some 
older  reported  cases  of  sudden  cessation  of  cholera  can  be  explained,  such  as 
the  case  of  Breslau  in  1832,  when  the  shutting  up  of  a  pump  was  followed 
by  the  very  rapid  decline  of  the  disease.  Doubtless,  however,  in  other 
cases  the  causes  of  the  cessation  are  different ;  heavy  rain,  by  cleansing  air 
and  sewers,  and  by  stopping  the  evolution  of  effluvia,  -will  sometimes  as 
suddenly  arrest  cholera.  Most  important  evidence  is  given  by  Professor 
Forster  of  Breslau.^  He  shows  that  five  towns  of  Silesia  (of  5000  to  12,000 
inhabitants)  have  been  entirely  free  from  cholera,  which  has  never  spread, 
even  when  introduced.  The  only  common  condition  is  a  water-supply  from  a 
distance  which  cannot  be  contaminated.  In  Glogau  (13,000)  half  the  water 
is  from  a  distance  and  half  from  wells :  those  using  the  former  remain  free, 
those  using  the  latter  are  attacked.  In  one  case  in  Breslau,  on  a  well 
becoming  contaminated,  eleven  persons  were  immediately  attacked.  Dr  A. 
Fergus  2  has  pointed  out  that  in  Glasgow,  when  the  whole  city  was  supplied 
from  the  river,  cholera  was  universal  in  1848  ;  whilst  in  1854  it  was  chiefly 
■confined  to  the  north  side,  which  still  drew  water  from  the  river,  the  south 
side  with  a  pure  water-supply  being  practically  free  from  it.  In  1866  the 
whole  city  had  the  pure  Loch  Katrine  supply,  and  although  cases  of  cholera 
were  imported,  it  got  no  hold  on  the  city  whatever. 

So  also  other  curious  facts  in  the  history  of  cholera  become  explicable. 
The  prevalence  of  cholera  in  Russia,  with  an  outdoor  temperature  below 
zero  of  Fahr.,  has  always  seemed  an  extraordinary  circumstiuice,  which  it 
appeared  only  possible  to  explain  by  supposing  that,  in  the  houses,  the  foul 
air  and  the  artificial  temperature  must  have  given  the  poison  its  necessary 
conditions  of  development.  But  Dr  Routh  has  pointed  out^  that,  in  the 
poorer  Russian  houses,  every  thing  is  thrown  out  round  the  dwellings ; 
then,  owing  to  the  cold  and  the  expense  of  bringing  drinking  water  from  a 
distance,  the  inhabitants  content  themselves  with  taking  the  snow  near 
their  houses  and  melting  it.  It  is  thus  easy  to  conceive  that,  if  cholera 
evacuations  are  tlius  thrown  out,  they  may  be  again  taken  into  the  body. 
This  is  all  the  more  likely,  as  cholera  stools  have  little  smell  or  taste,  and 
when  mixed  even  in  large  quantity  with  water,  cannot  be  detected  by  the 
senses. 

We  may  therefore  conclude  that  the  cholera  evacuations,  either  at  once 
or  after  undergoing  some  special  fermentative  or  transformation  change, 
pass  into  drinking  water  or  float  about  in  the  atmosphere.  In  either  case 
they  are  received  into  the  mouth  and  swallowed,  and  produce  their  effects 
directly  on  the  mucous  membrane,  or  are  absorbed  into  the  blood.  The 
relative  frequency  of  each  occurrence,  the  incubative  period,  and  the  severity 
of  the  (lisciise  produced,  are  points  still  uncertain. 

C.  Macnamara  states*  that  the  dangerous  period  is  when  the  water  into 
which  cholera  stools  are  passed  is  swarming  with  vibriones,  and  that  when 
ciliated  infusoria  appear  danger  is  over.  He  speaks  strongly  on  this  point, 
and  from  actual  experience. 

Assuming  that  the  comma  bacillus  described  by  Koch,  and  found  by  him 
to  be  present  in  the  drinking-water  tanks  in  Calcuttti,  is  the  actual  cause  of 
cholera,  the  objection  that  this  bacillus  would  probably  be  destroyed  in  a 

'  Die  Verbreitung  der  Cholera  durch  die  Brunnen,  Breslau,  1873. 

a  British  Medical  Journal  1879,  vol.  ii.  p.  3:^6. 

5  Faxal  Fermentation^  p.  24.  *  Asiatic  Cholera^  p.  380. 
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short  time  by  the  putrefactive  organisms  present  in  such  water,  loses  its  force 
when  it  is  considered  that,  owing  to  the  habits  of  the  people,  the  infectious 
matter  has  every  chance  of  being  imbibed  by  other  persons  almost  imme- 
diately after  it  reaches  the  water. 

In  addition  to  the  production  of  cholera  from  drinking  water  containing 
the  cholera  stools,  it  has  been  supposed  that  the  use  of  impure  water  of 
any  kind  predisposes  to  cholera,  though  it  cannot  absolutely  produce  the 
disease.  The  facts  already  quoted  on  the  influence  of  the  Lambeth  water 
seem  to  support  this  view;  but  some  German  evidence  in  1866  doo^  not 
favour  it,^  although  later  evidence  seems  to  do  so.^  If  the  water  acts  in 
this  way,  it  may  be  by  causing  a  constant  tendency  to  diarrhoea,  or  by  carry- 
ing into  the  alimentary  canal  organic  matter  which  may  be  thrown  into 
special  chemical  changes  by  a  small  quantity  of  cholera  poison,  which  has 
been  introduced  with  air  or  food  and  swallowed,  or  by  lowering  the  resistance 
•of  the  body,  and  rendering  it  more  favourable  as  a  nidus  for  the  poison. 

Yellow  Fever, 

As,  like  dysenter}',  enteric  fever,  and  cholera,  the  alimentary  mucous 
membrane  is  primarily  affected  in  yellow  fever,  there  is  an  a  priori  proba- 
bility that  the  cause  is  swallowed  also  in  this  case,  and  that  it  may  possibly 
enter  with  the  drinking  water.  But  no  good  evidence  has  been  yet  brought 
forward. 

The  Barrack  Commissioners  have  directed  attention  to  the  fact  of  the 
.great  impurity  of  the  water  at  Gibraltar  at  the  time  of  the  yellow  fever 
epidemic ;  a  difficulty  which  still  remains  to  be  dealt  -with  in  the  event  of 
the  introduction  of  any  epidemic  disease. 

The  other  Zymotic  Diseases. 

Of  the  other  zymotic  diseases  the  only  ones  likely  to  be  propagated  by 
means  of  water  are  scarlet  fever  and  diphtheria.  The  evidence  for  such 
propagation  was  formerly  very  slight,  but  since  attention  has  been  dravm  to 
the  subject  numerous  cases  have  occurred  which  have  been  attributed  to 
water-iK)isoning,  working  either  directly  through  water  drunk  as  such  or 
by  its  being  mixed  with  milk.^  There  seems  no  primd  facie  reason  against 
such  a  channel  of  infection  in  the  case  of  scarlet  fever,  particularly  as 
epithelium  scales  are  so  often  found  in  contaminated  water.  As  regards 
diphtheria  the  question  is  a  little  more  complicated,  for  the  direct  com- 
munication through  the  use  of  the  same  drinking  vessel  might  simulate 
water  carriage,  as  pointed  out  by  Dr  A.  Downes.**  Some  important  evidence 
has,  however,  been  collected  by  Dr  B.  Browning  ^  and  others.  It  would 
also  appear  that  ordinary  throat  ulcer  (if  this  be  really  different  from  diph- 
theria) may  })e  propagated  in  this  way. 

3.    inSEASES  OP  THE  SKIN,  AND  SUBCUTANEOUS  TISSUES. 

A  curious  endemic  of  l)oils  occurred  in  the  vicinity  of  Frankfort  in  1848. 


1  See  Report  on  Hygiene,  Army  Medical  Dept.  Report ^  vol.  vii.  p.  3*25. 

'•»  Pistor  of  Oppeln,  Cholera  Epidemic  o/ 1873-74  ;  see  6th  part  of  the  JtepoH  of  the  Cholera 
Commissioners  qf  the  German  Empire. 

«  **  On  the  Connection  between  MQk  Supply  and  Disease,"  by  A.  M.  Davies,  Provincial 
Medical  Joumalf  1889. 

*  Sanitary  Record,  1879-80,  vol.  xi.  p.  51. 

*  Sanitary  Record,  vol.  xi.  j).  13. 
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It  was  confined  to  a  small  number  of  persons,  and  presented  favourable 
opportunities  for  investigation.  An  elaborate  inquiry  was  made  by  Dr 
Clemens,^  which  certainly  seems  to  indicate  that  the  complaint  was  caused 
by  drinking  water  containing  hydrogen  sulphide  gas,  which  was  ^et  free  in 
some  large  chemical  works,  and  was  washed  down  by  the  rains  into  the 
brooks  from  which  drinking  water  was  derived.  The  case  is  most  elaborately 
and  logically  argued,  but  it  certainly  seems  remarkable  that  other  instances 
of  the  same  kind  should  not  have  been  observed,  especially  as  in  some 
trades  there  is  disengagement  of  large  quantities  of  SHg  into  the  atmosphere, 
and  as  the  drinking  of  sulphuretted  springs  is  so  common. 

The  peculiar  forms  of  boil  or  ulcer  common  in  many  cities  in  the  East 
have  been  in  some  cases  referred  to  the  water.  The  Aleppo  evil,  the 
Damascus  ulcer,  and  some  other  diseases  of  an  analogous  kind,  which  have 
the  peculiarity  of  occurring  only  once  in  life,  are  possibly  more  connected 
with  the  true  contagions ;  but  the  unhealthy  boils  or  ulcers  so  common  in 
India,  especially  in  the  north-west  and  along  the  frontier,  are  probably 
connected  with  bad  water.  The  so-called  Delhi  boil  has  much  decreased  in 
frequency  since  the  waters  of  the  Jumna  were  used  instead  of  the  impure 
weil-water,2  but,  on  the  other  hand,  Fleming's  observations  have  thrown 
doubt  on  the  fact  of  the  water  being  to  blame.  According  to  Lewis  and 
Cunningham,^  there  is  an  immediate  connection  between  the  occurrence  of 
the  disease  and  the  nature  of  the  water-supply  :  excessive  hardness  and  the 
presence  of  large  quantities  of  salts  are  the  prominent  features  in  the  bad 
water  at  Delhi,  the  use  of  which  appeared  to  cause  the  disease.  Hirsch,* 
however,  is  not  satisfied  with  this  explanation  ;  but  thinks  that  the  disease 
may  be  parasitic,  and  may  be  conveyed  in  the  course  of  washing  with 
infected  water.  Witli  regard  to  the  frontier  ulcers  in  India,  Dr  Alcock, 
Medical  Staff,  has  given  some  curious  evidence,  which  seems  to  connect 
them  with  vegetable  detritus  and  the  evolution  of  hydrogen  sulphide.^ 

The  elephantiasis  of  the  Arabs  (the  so-called  Barbadoes  leg  or  Pachy- 
dermia) has  been  ascribed  to  organic  impurities  in  water. 

4.    CALCULI. 

It  has  long  been  a  popular  opinion  that  drinking  lime  waters  gives  rise  to 
calculi  (calcium  phosphate  and  oxalate).  Several  medical  writers  have  held 
the  same  opinion,  and  have  adduced  individual  instances  of  calculi  (phos- 
phatic  ?)  being  apparently  caused  by  hard  waters,  and  cured  by  the  use  of 
soft  or  distilled  water.  On  a  large  scale,  statistical  evidence  is  apparently 
wanting.  The  excess  of  cases  of  calculi  in  Norwich  and  Norfolk  generally 
is  not,  in  Dr  Richardson's  opinion,  attributable  to  the  water. <^  Dr  J.  Murray, 
of  Newcastle,  has  given  some  evidence ''  to  show  a  connection  between  the 
lime  waters  and  calculi,  especially  phosphatic,  but  it  does  not  appear  to  be 
more  convincing  than  that  previously  adduced. 

At  Canton  stone  is  common,  while  at  Amoy,  Shanghai,  Ningpo,  and 
other  places,  it  is  not  met  with.     The  cause  of  the  difference  is  not  known. 


1  Henl6's  Zeitschri/t  fur  Sat.  Med.,  1849,  vol.  viii.  p.  215. 

2  See  Annual  Report  of  San.  Corn,  with  the  Qovemment  of  India  for  1867,  p.  178  (1868). 
Some  excellent  analyses  of  the  Delhi  waters  are  given  by  Dr  Sheppard  ;  vide  Dr  Macnamara's 
Second  and  Third  Reports  of  the  Analyses  of  Potable  Waters  in  the  Bengal  Presidency,  Cal- 
cutta, 1868.    See  pajw  by  Dr  Fleming,  A.Af.D.  Report  for  1868,  p.  390. 

»  Op.  c»t.,  pp.  418-417. 

*  C5».  cit^  vol.  iii.  p.  676. 

■  Med,  Times  and  QazetU,  1870,  p.  384. 

•  Med.  History  qf  England :  Medical  Times  and  Gazette,  1864,  p.  100. 
^  British  Medical  Journal,  September  1872. 
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Imt  it  is  not  ralcium  carbonate  iji  the  water,  as  the  Chinese  always  drink 
hoih'd  water.* 

Professor  Gamgee,  however,  states  that  sheep  are  particularly  affected  by 
calculus  in  the  limestrctne  districts. 


5,    GOITKE. 

The  opifiion  that  impure  drinking  water  in  the  cause  of  goitre  is  as  old  as 
Hippo* 'rates  and  Aristotle^  and  has  been  held  by  the  majority  of  jihysicians. 
The  opinion  may  be  .said  actually  to  have  been  put  to  the  test  of  experi- 
tuenU  since  both  in  France  and  Italy  the  drinking  of  cerUiin  waters  has  been 
resorted  to,  and  a]3parently  with  success,  for  the  pmrpose  of  producinff 
goitre,  and  thereby  gauiing  exemption  from  military  conscription/-  Ami 
this  is  supported  by  tlie  evidence  of  Bally,  Coindet,  and  by  many  of  the 
French  army  surgeons,  who  have  seen  goitre  prciduced  even  in  a  few  days 
(8  or  10)  liy  the  use  of  certain  waters.^  While,  conversely,  Johiii^ton  saw 
goitre,  which  was  common  in  a  jail,  disappear  w  hen  a  pure  water  was  used.* 

Apirt  from  this^  the  e\n deuce  for  the  causation  by  water  is  extremely 
strong,  many  cases  lieiiig  reconled  where  in  the  same  vilhige,  and  under  the 
same  eonditions  of  locjdity  and  social  life,  those  who  drank  a  particular 
water  suffered,  whilt^  those  who  did  not  do  so  esr^ped,^  Another  {iutbr>r 
who  has  writt<?n  on  this  subject,  and  who  1ms  accumulated  an  immense 
amount  of  evidence,  M,  Sain tr Lager,  expresses  himself  very  confidently  on 
tlie  point 

In  the  rejKjrt  of  the  French  Commission  (1873)  we  find  the  following  case : 
At  Bijzel  (Tarentaise)  there  were,  in  1848,  about  ^00  goitrous  persons,  and 
109  cretins  in  a  population  of  1472,  wdiile  the  village  of  8t  Bon,  standing 
800  metres  higher,  wsis  quite  free  frrim  >Mjth  tliseases:  a  w^ater-pipe  having 
lieen  carried  from  this  village  Uy  Bozel,  and  this  water  having  come  iiito 
genend  use,  the  endemic  decreiised  so  reiiiarkably,  tlmt  in  1864  there  were 
only  39  goitr(\s  and  58  cretins,  and  no  fi'esh  ciises  occurring.^ 

The  impurity  in  the  water  which  causes  goitre  is  not  yet  precisely  known. 
It  is  certiiinly  not  owing  to  the  wimt  of  iodine,  tts  stated  by  Chatin^  and 
there  is  bttle  prti) lability  of  iUs  beijig  caused  hy  a  deficiency  of  chlorides,  by 
tluoriiie,  or  hy  sihea.  On  the  i>tlier  hand,  the  CLiincidence  of  goitre  with 
sediment^jus  w^ater  is  very  frequent.  Since  the  elaborate  geolc^cal  uiquiries 
fj|  JI.  (irange*  and  the  analysis  of  tlie  waters  of  the  Isere,  raagncsian  salts 
in  some  form  have  often  l>een  considered  to  be  the  cause,  tt)  which  many 
add  lime  salts  also ;  and  eertaiidy  the  evidence  that  the  water  of  goitrous 
places  is  derived  from  limestone  and  dolomitic  rocks,  or  from  serpentine  in 
the  granitic  and  mc^ttimorpliic  regions,  is  very  strong.  The  investigati«>n8 
now  iueludo  the  Alps,  Pyrenees,  Dauphin^  some  parts  of  RiiBsia,  lirazil, 
,^d  districts  in  Oude  in  XorthAVest  India.  A  t^ble  compiled  from  |)r 
1  |Sl*Clellan s  work**  is  very  striking  : — 

1  Dr  Wtng,  in  t%iwm  Ouatomt  EapoHf&r  1870,  p.  71* 

^  Among  other  evidiiDce  on  tbiiji  point,  the  work  of  M.  Sn in t- Lager  {Suit  Us  eauam  4u 
VrHinUm4!  rt  du  Oftittf  cn/ifimqm,  PnriK,  1S67)  may  btj  cittd  {p»  191  ft  f^%  «*  he  ftpMAls  to 
hiive  cftrtfiiUy  looked  into  the  evirieuce.  See  also  BailUrger  {C&mi^tes  Rendm  de  rAead.^ 
1,  Iv.  p,  ^7^)t  who  stiites^  though  this  ban  bet^a  denieil  by  Bey,  that  uorse^i  and  muleti  bijconie 
iiffectef!  hmn  drinking  the  waUr  of  the  Is^re, 

'  (lia  of  Practical  Medic\n€^  vol.  i.  art.  **  Brondioode/*  p.  320. 

^  ihltf  Journatt  May  1855, 

„^r  iop.  ci^)  citea  weverat  etrong  cases,  p.  192  (<l  icy.). 

»  Hirscb,  il  188. 

?  --Inn.  rf«  Chimin'  ft  d^  />%*.,  vol,  xxiv,  p.  364. 

*  Medical  Topoffraphy  nf  IkngaL  The  facts  on  cretinism  are  also  included,  without 
d«jMiiug  to  expreii«  any  opinion  on  th<!  relation  between  goitre  luul  cretinism. 
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Goitre  and  Cretinism  in  Kumaon  (Oude), 


Water  derived  from 

Percentage  of  Population  affected. 

With  Goitre.             With  Cretinism. 

Granite  and  gneiss, 

Mica,  slate,  and  hornblende, 

Clay  slate 

Green  sandstone, 

Limestone  rocks, 

0-2                            0 
0                                0 
0-64                        0 
0                              0 
33                              3  0 

There  are,  however,  not  wanting  analyses  of  water  of  goitrous  regions 
which  show  that  magnesia  may  be  absent  (in  Rheims,  according  to  Maumene ; 
in  Auvcrgne,  according  to  Bertrand ;  in  Lombardy,  according  to  Demortain ; 
and  Saint-Lager  enumerates  other  cases),  while  it  has  been  also  denied  that 
there  need  be  any  excess  of  lime.  M.  Saint-Lager,  basing  his  opinion  partly 
on  these  negative  instances,  partly  on  his  own  experiments  with  the  soap- 
test,  which  show  no  relation  betw^een  hardness  of  water  and  goitre,  and 
partly  on  the  negative  results  of  experiments  on  animals  with  calcium 
sulphate  and  magnesian  salts,  denies  altogether  the  connection  between 
goitre  and  calcium  and  magnesium  sulphates  and  carbonates.  He  states 
also  that  M.  Grange  has  now  himself  given  up  the  belief  of  magnesia  being 
the  essential  agent  of  goitre,^  and  argues  that  the  constituent  of  the  water 
which  is  the  actual  cause  is  either  iron  pyrites,  ferric  disulphide,  or  less  fre- 
quently copper  or  some  other  metallic  sulphide.  And  he  explains  M*Clel- 
lan's  results  by  the  supposition,  based  on  an  expression  of  that  writer,  that 
in  the  limestone  districts  of  Kumaon  the  water  had  traversed  the  metalli- 
ferous strata  of  the  rocks.  Saint-Lager  does  not  support  his  opinion  by 
actual  chemical  analyses,  but  he  brings  forward  geological  evidence  on  a 
large  scale  to  prove  that  the  endemic  appearance  of  goitre  coincides  with  the 
metalliferous  districts.  He  has  also  made  experiments  on  animals  with  iron 
salts  which  do  not  appear  conclusive,  although  he  believes  he  produced  in 
some  cases  an  effect  on  the  thyroid.  His  hypothesis  seems  to  fail  from  his 
want  of  chemical  analyses.  He  has  made  out  a  case  for  inquiry  rather  than 
for  conclusion. 

Arnould  states  -  that  Saint-Lager  has  abandoned  tlie  iron  sulphide  theory 
of  causation.  Various  observers  have  suspected  the  presence  of  some 
organic  substance,  or  substances,  in  goitrous  waters,  analogous  possibly  to 
the  poison  of  malaria. 

In  some  observations  made  by  Dr  Ferguson  on  the  goitrous  part  of  the 
Bari  Doab  district^  (a  boulder-gravel  subsoil),  the  water  is  said  to  be 
largely  charged  with  lime.  In  the  jail  at  Durham,  Johnston  *  states  that 
when  the  water  contained  110  parts  per  100,000  (chiefly  of  lime  and 
magnesium  salts)  all  the  prisoners  had  swellings  of  the  neck ;  these  dis- 
appeared when  a  purer  water,  containing  26  parts  per  100,000,  was  ob- 
tained.^ 

Goitre  may  be  rapidly  produced.     Bally  noticed  that  certain  waters  in 


*  Sur  Us  causes  du  Cretin,  et  du  Ooilre^  p.  237. 
^  Op.  cit.,  p.  196. 

^  Sanitary  Administration  oftJu  Punjaiib/or  1871,  Appendix  4,  p.  33. 

*  Edm.  Monthly  JoumaX^  May  1855. 

*  In  Nottingham  the  people  attribute  goitre  to  hardness  of  water.    Generally  it  appears 
only  with  magnesium  limestone. 
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Switzerland  would  cause  it  even  in  eight  or  ten  days,  and  cases  almost  as 
rapid  have  occurred  in  other  places.^ 

Dr  J.  B.  Wilson  carried  out  some  inquiries  at  Bhagsu,  Dhurmsala, 
where  goitre  prevails  extensively.  He  analysed  specimens  of  the  drinking 
water  within  a  radius  of  ten  miles,  and  found  them  exceptionally  pure,  only 
three  showing  traces  of  lime,  and  none  giving  any  evidence  of  magnesia  or 
iron.2 

It  seems,  therefore,  that  the  question  is  still  undecided,  and  it  is  much  to 
be  desired  that  more  extended  inquiry  should  be  made,  with  careful  analyses, 
such  as  have  been  made  by  Dr  Wilson, — as  well  as  records  of  local  and 
other  conditions,  which  ])robably  contribute  more  or  less  to  the  production 
of  the  disease. 

6.  ENTOZOA  OR  OTHER  ANIMALS. 

Whereas  the  Tamia  solium  and  the  Tcenia  mediocanellata,  and  many 
entozoa,  find  their  way  into  the  body  with  the  food,^  the  two  forms  of  the 
Bothriocephalus  lotus  (T,  lata)  may  pass  in  with  the  drinking  water."* 
Both  embryo  and  eggs  (but  principally,  or  perhaps  entirely,  the  fonner) 
exist  in  river  water.  The  ciliated  embryo  moves  for  several  days  very 
actively  in  water ;  it  may  after  a  time  lose  its  ciliary  covering,  and  then, 
not  being  able  to  move  further,  perishes ;  or  it  may  find  its  way  into  the 
body  of  some  animal,  and  there  develop  into  the  Bothriocephalus  lotus.  It 
is  mostly  indigenous  to  the  sea  coast  and  to  the  shores  of  lakes  and  other 
inland  water. 

It  is  most  common  in  the  interior  of  Russia,  Sweden,  in  part  of  Poland, 
and  in  Switzerland. 

Distoma  hepaticum  (Fasciola  hepatica), — The  eggs  are  developed  in  water, 
and  the  embryos  swim  about  and  live,  so  that  introduction  in  this  way  for 
sheep  is  probable,  and  for  men  is  possible. 

The  Ascaris  lumhricoides  (Roimd-worm)  appears  also  sometimes  to  enter 
the  body  by  the  drinking  water.  At  Moulmein,  in  Burmah,  during  the  wet 
season,  and  especially  at  the  commencement,  natives  and  Europeans,  both 
sexes  and  all  ages,  were,  in  former  years,  so  affected  by  lumbrici  that  it 
was  almost  an  epidemic.^  The  only  circumstance  common  to  all  classes 
was  that  the  drinking  water,  drawn  chiefly  from  shallow  wells,  was  greatly 
contaminated  by  the  substances  washed  in  by  the  floods  of  the  excessive 
monsoon  which  prevails  there.  Dr  Paterson  ^  has  also  noticed  similar  facts 
in  England. 

Leuckart  *■  has  no  doubt  of  the  passage  of  the  Ascarides^  eggs  into  drinking 
water ;  and,  indeed,  they  have  been  actually  seen  in  the  water  ])y  Mosler.® 

>  Many  instances  are  recorded  in  the  French  military  medical  journal,  Recueil  de  Mim.  de 
Mid.  Mil.,  of  the  acute  goitre  produced  in  a  few  days. 

2  Indian  Annals  of  Medical  Science  ;  also  Aitken's  Science  and  Practice  of  Medicine,  7th 
edit.,  vol.  ii.  p.  1009. 

'  Dr  Oliver  s  observations  in  India  show  that  cattle  may  get  taenia  ova  from  the  water  ;  so 
that  men  may  do  the  same.     (See  Aitken's  Med.,  7th  ed.,  vol.  i.  p.  207.) 

*  See  especially  a  paper  by  Dr  Knoch  in  the  Petersburger  Med.  Zeitsch.  for  1861.  An 
abstract  is  given  in  the  Lancet,  Jan.  25,  1862  ;  and  the  paper  in  full  is  printed  in  Virchow's 
Archiv,  band  xxiv.  453.  Cobbold,  however,  doubted  the  direct  entrance  in  this  way^  and 
thought  it  more  probable  that  fish  form  the  host  for  the  ova,  which  after  development  m  the 
fish,  may  find  their  way  into  the  bodies  of  men  who  eat  the  fish. 

5  The  native  treatment  is  the  powder  of  a  fungus  (Wah-mo),  derived  from  the  female 
bamboo.  It  is  most  useful.  See  paper  by  Dr  Parkes  in  the  London  Journal  of  Medicine, 
1849. 

«  Aitken's  Practice  of  Medicine^  7th  ed.,  i.  p.  157. 

7  Die  Menschlichen  Parasiten,  band  ii.  p.  220. 

8  Virchow's  Archiv,  band  xviii.  p.  249. 
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But  it  .seeniB  yet  drmlitfiil  (as  all  expt^rmieuts  have  failed  in  prixiucing 
from  the  drinking  water  the  worms  iu  aidmalB)  whether  the  eggs  alone 
will  sufficej  aiid  it  seems  |KJssihle  that  they  murft  ptuss  through  some  other 
host  he  fore  developing  in  the  human  inteistine.  This  was  also  the  opiuion 
of  Cohhold.  Mosler  attriiiuted  in  Ms  case  much  inflncncc  tci  the  large 
anionnt  of  vegetixhle  food  taken  hy  the  persons  affeeted. 

The  Docfimius  dwxlrnaliif  {Stronffplu»  ihtndrtviUit^  Antiliplo^h^muiti  sett 
Sdrrostonia  thiodenalc)  would  aj)pear  from  Leuekart's  sUitement^  to  he 
introduced  hy  impure  water.  It  is  especially  prevalent  in  Bni^il  and  in 
Kgypt,  where  it  causes  the  so-called  "Eg>T>tian  chlorosis*'  (Griemnger). 
During  the  construction  of  the  Kt  Gothard  Tunnel,  the  workmen  were  much 
altected  Ijy  a  severe^  and  often  fatal,  form  of  anaemia,  due  to  the  presence  of 
thits  jKinisite.  Tiie  diseiise  is  pruiMigated  maiidy,  if  not  jdt4igether,  hy  drtnk- 
mg  water  contaLning  the  ova  or  emhryod.  The  Beri-htri  of  Ceylon,  which 
is  the  dropsical  form  of  the  disease,  has  heen  shQ^\7i  hy  ])r  W,  R.  Kymsey  to 
hu  due  to  the  presence  of  Anchf/fostomum  dufxlemde  in  the  mtestLnal  canal ; 
**to  he,  in  hict,  ArichyhMorukuisJ^  The  c-ause  is  the  presence  of  the  ova  of 
the  pjirasite  in  drinking  water. ^* 

Oi'^uns  mnnicidans,  very  common  in  clnldren,  lait  occasionally  also 
found  in  adults^  is  prohahly  sonn^tiitK's  t-jiken  thrtiugli  wnter/^ 

Fi/arki  Dracunridu^  ((ruinea-Wi >rni). — The  introihictitm  hy  water  of 
FlldrUi  lias  long  Ijeen  a  favourite  opini^jn.  It  has  Ijcen  a  matter  uf  debate 
whether  it  is  tiiken  into  tlje  stomaih  as  drink,  and  thence  finds  iU  way 
(like  Trkhina^  to  the  muscles)  into  the  suhcutioieous  cellidar  tissue,  or 
whether  it  penetnitei^  the  skm  during  hathhig  or  wading  in  streams.  Tlie 
latter  opinion  seema  to  he  the  more  prohahie  in  the  majority  of  Ciises** 
Fedschenko,  however,  has  shown  tliat  the  emhryo  enters  the  hody  of  a 
t^f/riops^  which  act^  as  its  host,  and  that  it  undergoes  devok>ivment  there,  and 
is  thus  taken  in  with  drinking  water 

Iktiling  the  water  he  fore  (hinking  appears  to  have  a  preservative  effect.* 

Fdaria  samfuinU  himtnh  (Lewis)  appears  to  find  its  way  inti>  the  hlood 
of  uum  tlirougli  water  in  a  cnri^jus  way,  **Dr  ilanson  has  fonnd  that  the 
mosquitcj  is  an  active  agent  in  tlie  |)ropagation  of  FilaHa.  The  t-mhryos 
are  tiiken  into  tlie  mosquit<^V  stomach  ydlh  i\w.  Idood  of  persons  infected  hy 
the  !i(pniatozoon,  tlie  fm*ther  development  of  which  shortly  hegins  in  the 
stomach  of  the  mo.s([uito.  Tlience  they  are  transferred  Uj  the  water,  whence 
it  is  assumed  that  it  again  linds  entrance  uito  the  liody  of  mim."'  ^^  It  pro 
duces  Elephantiatth  ami  c/ij/lnntf. 

BiUiarzm  fumrmt^Ma. — From  the  ohscrvations  of  (iriesinger,  John  Harley/ 
and  Cohhold,  there  seems  n<j  doulit  that  the  emliryos  i>f  this  cnttizotm  live  in 
water,  and  the  animal  may  lie  thus  introduced  {iroliahly  hy  the  medium  of 
some  other  animtd.  Ih*  liatho  doui>ts»  liuwever,  this  introduction  by  water, 
since  the  cntoZ'trm  occurred  in  [lersona  using  raui-water  and  pure  mountain 
stn^iim  ^vater.**  Tt  causes  endtmic  himnaluria  m  Egypt,  the  CajH:%  and 
elsewhere. 


*  Ilrid,^  bantl  it  p.  465. 

'  Kyaaey,  Report  on  Antemta  or  Beri-heri  qf  Ceylon,  Colomlio,  1887.  Ax  nimilar  fbetn 
Imve  beien  observed  in  Brazil^  ArAbU,  and  MadA^ucar,  it  «tueniH  iiii|>o«iNilile  lait  tbut  in  Indk 
the  fbrniidAble  affectioDS  canHexl  by  Dochrnius  sliould  be  coiiniion. 

»  Aitken,  vol  u  p.  183. 

*  SifNe  Sir  W.  Aitkt«n'a  long  and  excellent  chapter  on  thk  disease*  iu  his  Practice  qf  Medunne, 
7(h  cd.»  vol.  i.  p*  169  et  seq.,  for  a  diacuiitiion  on  the  water  and  wirth  qtifstiou, 

•  Gn;enhoWt  in  Indian  Annah^  1856,  p.  5^7* 

•  Aitkuu,  wj.  ciL,  L  185. 

^  Med,  CA*f.  rmn4.,  vol  xlvii.  ju  66,  nud  voL  lii.  p,  379. 
>  ^Infiy  Med,  Il4fp*f  vob  xu.  p,  504. 
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Leeches, — Reference  has  already  been  made  to  the  swaUowing  of  small 
leeches,  which  fix  on  the  pharynx,  and  in  the  posterior  nares.  Cleghom  ^ 
noticed  that  coughs,  nausea,  and  spitting  of  blood  were  thus  caused.  In  a 
march  of  the  French  near  Oran,  in  Algiers,  more  than  400  men  were  at  one 
time  in  hospital  from  this  cause.  In  some  cases  the  repeated  bleedings 
from  the  larynx  have  simulated  haemoptysis  and  phthisis,  and  have  pro- 
duced anaemia.  A  leech,  once  fixed,  seldom  falls  off*  spontaneously.  In 
India  no  accidents  of  this  kind  are  on  record,  yet  we  must  assume  that  they 
occasionally  occur. 

7.    LEAD,    MERCURY,    ARSENIC,    COPPER,    AND   ZINC  POISONING. 

The  question  of  lead  poisoning  by  drinking  water  has  already  been  con- 
sidered. It  is  only  necessary  to  mention  the  fact  of  metals  passing  into 
the  drinking  water,  either  by  trade  refuse  being  poured  into  streams,  or  by 
the  water  dissolving  the  metal  as  it  flows  through  pipes  or  over  metallic 
surfaces.^ 

In  1864  a  factory  at  Basle  discharged  water  containing  arsenic  into  a 
pond,  from  which  the  ground  and  adjacent  wells  were  contaminated,  and 
severe  illness  in  the  persons  who  drank  the  well-water  was  produced.^ 

8.    OTHER  DISEASES. 

Affedicms  of  other  Mucotts  Membranes  besides  the  Alimentary, — Little  has 
yet  been  done  to  trace  out  this  point.  At  Prague,  after  the  severe  flood  of 
1860,  bronchial  catarrh  was  frequent,  probably  caused  chiefly  by  the  chills 
arising  from  the  great  evaporation ;  but  it  was  noticed  that  bronchial  catarrh 
was  most  common  when  the  drinking  water  was  foulest  and  produced 
dysentery.  Possibly  the  bronchial  and  the  urinary  mucous  membranes  may 
also  suffer  from  foul  water ;  the  point  is  well  worthy  of  close  investigation. 

Diseases  of  the  Bones. — Water,  impregnated  with  sulphurous  acid,  gives 
rise  in  cattle  to  a  number  of  serious  symptoms,  among  others  to  diseases  of 
the  bones.  The  sulphur  dioxide  evolved  from  the  copper  works  at  Swansea 
has  caused  numerous  actions  on  account  of  the  loss  of  herbage  and  cattle. 
Rossignol*  states  that  water  highly  charged  with  calcium  carbonate  and 
sulphate  was  found  to  give  rise  to  exostoses  in  horses ;  pure  water  being 
given,  the  bones  ceased  to  be  diseased. 

General  Conclusions, 

1.  An  endemic  of  diarrhoea,  in  a  community y  is  almost  always  owing 
either  to  impure  air,  impure  water,  or  bad  food.  If  it  affects  a  number  of 
persons  suddenly,  it  is  probably  owing  to  one  of  the  two  last  causes :  and  if 
it  extends  over  many  families,  almost  certainly  to  water.  But  as  the  cause 
of  impurity  may  be  transient,  it  is  not  easy  to  find  experimental  proof. 

2.  Diarrhoea  or  dysentery,  constantly  a]fifecting  a  community,  or  returning 
periodically  at  certivin  times  of  the  year,  is  far  more  likely  to  be  produced 
by  bad  water  than  by  any  other  cause. 

I  Diseases  of  Minorca,  1768,  ii.  38. 

'^  The  amount  of  copi^er  required  to  protluce  poisonous  symptoms  appears  to  be  doubtful. 
It  is  said  that  the  mmers  in  the  desert  of  Attacania,  in  South  America,  prefer  to  use  water 
containing  so  much  copper  as  to  have  a  distinct  green  colour,  rather  than  the  water  brought 
up  from  the  wells  near  the  shore  in  skins,  which  give  it  an  unpleasant  taste.  It  is  true  tnat 
it  is  used  for  making  coffee,  and  may  thus  be  to  a  certain  extent  purified. 

*  Roth  and  Lex,  MUit.  OesundsheUpJl..  jx  41. 

*  Traits  d'Hygihu  Militaire,  1857,  p.  367. 
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3.  A  very  sudden  and  localised  outbreak  of  either  enteric  fever  or  cholera 
is  almost  certainly  owing  to  introduction  of  the  poison  by  water. 

4.  The  same  fact  holds  good  in  cases  of  malarious  fever,  and,  especially 
if  the  cases  are  very  grave,  a  possible  introduction  by  water  should  be  care- 
fully inquired  into. 

5.  The  introduction  of  the  ova  of  certain  entozoa  by  means  of  water  is 
proved  in  some  cases^ — is  probable  in  others. 

6.  Although  it  is  not  at  present  possible  to  assign  to  every  impurity  in 
water  its  exact  share  in  the  production  of  disease,  or  to  prove  the  precise 
influence  on  the  public  health  of  water  which  is  not  extremely  impure,  it 
appears  certain  that  the  health  of  a  community  always  improves  when  an 
abundant  and  pure  water  supply  is  given ;  and,  apart  from  this  actual  evi- 
dence, we  are  entitled  to  conclude,  from  other  considerations,  that  abundant 
and  good  water  is  a  primary  sanitary  necessity. 


SECTION  IV. 
PURIFICATION  OF  WATER. 
WithotU  Filtration. 

1.  Distillation, — This  is  undoubtedly  the  best  plan,  for  if  properly  carried 
out  all  danger  is  got  rid  of.  It  has  been  suggested  that  foul  gases  may 
be  brought  over  from  dirty  water,  and  that  even  bacteria  or  their  spores  may 
be  transmitted ;  this  is  more  than  doubtful.  An  outbreak  of  diarrhoea  among 
H.M.  ships  in  the  harbour  of  Valetta  was  attributed  to  impurities  in  the 
water  distilled  from  the  not  over-clean  water  of  the  Grand  Harbour.  The 
distilled  water  was  also  complained  of  as  "  going  bad  "  very  quickly  in  the 
Soudan  campaign ;  but  there  the  dirty  water  of  the  harbour  of  Suakim  was 
used,  and  in  such  a  case  there  is  great  danger  of  the  original  water  getting 
in  if  the  apparatus  leaks  or  is  in  any  way  out  of  order.  All  distilled  water 
should  be  tested  with  a  few  drops  of  dilute  nitric  acid  and  silver  nitrate ;  if 
no  haze  appears,  then  the  water  may  be  considered  safe :  all  other  waters 
will  give  evidence  of  the  presence  of  chlorine,  by  the  formation  of  a  precipi- 
tate, turbidity,  or  haze  according  to  the  amount ;  and  so  will  distilled  water 
(so-called),  if  it  has  been  contaminated  during  the  process  of  distillation,  or 
by  being  received  in  vessels  not  perfectly  clean. 

2.  Boiling. — This  plan  is  next  best  to  distillation  :  it  gets  rid  of  calcium 
carl>onate,  iron  in  part,  and  hydrogen  sulphide,  and  lessens,  it  is  said, 
organic  matter.  TyndalFs  experiments  have  shown  that  there  are  stages  in 
the  life  of  hadena  during  which  they  can  resist  almost  any  moist  heat.  But 
as  tliey  soften  before  propagation  a  solution  can  be  successfully  sterilised 
by  repeated  boilings,  so  as  to  attack  the  several  crops  of  bacteria  in  their 
vulnerable  condition.  Most  fwigus  spores  are  killed  by  boiling.  On  the 
whole  we  may  take  it  that  water,  even  only  once  boiled,  is  in  all  likelihood 
safe,  and,  if  repeatedly  boiled  at  intervals,  quite  safe. 

3.  Exposure  to  Air  in  divided  Currents. — This  was  a  plan  proposed  by 
Lind  for  the  water  of  the  African  west  coast  more  than  one  hundred  years 
ago,  and  frequently  revived  since.  The  water  is  simply  poured  through  a 
sieve,  or  a  tin  or  wooden  plate,  pierced  with  many  small  holes,  so  as  to 
cause  it  to  fall  in  finely-divided  streams,  or  a  hand-pump  is  inserted  in  a 
cask  of  water,  and  the  water  is  pumped  up  and  made  to  fall  through  per- 
forated sheets  of  tin.     It  soon  removes  hydrogen  sulphide,  ofifensive  organic 
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vapours,  and,  it  is  said,  dissolved  organic  matter.  The  same  plan  has  been 
used  in  Russia  on  a  large  scale,  the  water  being  allowed  to  fall  down  a 
series  of  steps,  passing  through  wire  gauze  as  it  does  so. 

4.  Aluminous  Salts. — Alum  has  been  used  for  centuries  in  India  and 
China  to  purify  water  from  suspended  matters.  It  does  this  very  effectually 
if  there  be  calcium  carbonate  in  the  water ;  calcium  sulphate  is  formed,  and 
this  and  a  bulky  aluminum  hydrate  entangle  the  floating  particles  and  sink 
to  the  bottom.  The  quantity  of  crystallised  alum  to  be  used  should  be 
about  6  grains  per  gallon.^ 

If  a  sedimentous  water  is  extremely  soft,  a  little  calcium  chloride  and 
sodium  carbonate  should  be  put  in  before  the  alum  is  added. 

5.  Addition  of  Lime  Water  (Clark's  patent). — This  really  combines  chemi- 
cal with  mechanical  action.  Lime  water  is  mixed,  by  means  of  rakes  or 
fans,  with  the  water  to  be  purified,  and  by  entering  into  combination  with 
the  COg  in  the  water,  the  calcic  carbonate  is  rendered  insoluble,  and  thrown 
down  as  a  precipitate  :  this  acts  mechanically  in  removing  a  large  portion  of 
the  organic  matter,  and,  it  is  said,  iron.  The  water  is  subsequently  clarified 
by  being  forced  through  a  filter  of  stretched  canvas,  by  which  all  solid 
impurities  are  removed :  it  does  not  touch  calcium  and  magnesium  sulphate 
or  chloride.  2 

6.  Sodium  Carbonate,  with  boiling,  throws  down  lime,  and  a  little  lead,  if 
present. 

7.  Maignen's  process  consists  in  adding  to  the  water  a  powder,  called 
anti-ealcairey  containing  chiefly  lime,  sodic  carbonate,  and  alum.  The  alum 
precipitates  organic  matter,  whilst  the  sodic  carbonate  attacks  the  lime  and 
magnesia. 

8.  In  Anderson's  process  iron  is  used,  either  as  spongy  iron,  or  as  scrap  ■ 
iron,  the  fragments  being  well  agitated  with  the  water.     The  action  is  pro- 
bably due  to  the  formation  of  carbonates  of  iron  by  the  COg  in  the  water, 
and  on  exposure  to  air,  oxidation  takes  place,  with  precipitation  (Lewes). 

9.  Perchloride  of  Iron, — It  has  been  found  that  the  water  of  the  Maas  in 
Holland,  which  is  turbid  from  clay  and  finely  suspended  organic  matters, 
and  gives  rise  in  consequence  to  diarrhoea,  is  completely  purified  by  per- 
chloride of  iron  in  the  proportion  of  about  2^  grains  of  the  solid  perchloride 
to  one  gallon  of  water. ^     It  is  a  powerful  oxidising  agent. 

10.  Immersion  of  Iron  Wire  and  Magnetic  Oxide  of  Iron  (Medlock). — This 
plan  is  said  to  decompose  organic  matter.  Charcoal  and  ferric  oxide  are 
sometimes  mixed. 

11.  Addition  of  Potassium  or  Sodium  Permanganate  (Condy's  red  fluid). — 
Pure  Condy's  fluid  rciidily  removes  the  smell  of  hydrogen  sulphide  and  the 
peculiar  ofienaive  odour  of  impure  water  which  has  been  kept  in  casks  or 
tanks.  If  it  forms  a  precipitate  of  manganic  oxide,  it  also  carries  down 
suspended  matters ;  but  the  formation  of  this  precipitate  is  very  imcertain. 
The  action  on  the  dissolved  organic  matters  will,  of  course,  vary  with  the 
nature  of  the  substance;  some  of  the  organic  matters,  both  animal  and 
vegetable,  will  be  oxidised ;  but  in  the  cold  it  will  not  act  upon  the  whole 
of  these  substances,  and  some  organic  matters  are  not  touched. 

One  objection  to  the  use  of  the  permanganate  is  that  it  often  communi- 

1  The  headquarter  wing  of  the  92iid  Highlanders,  going  up  the  Indus  in  1868,  suflfered  from 
diarrhoea  from  the  use  of  the  water ;  the  left  wing  used  alum  and  had  no  diarrhoea.  The 
right  wing  then  used  it,  and  the  diarrhoea  disappeared. — Indian  Medical  Oaz.,  Aug.  1869, 
p.  168. 

*  This  plan  has  been  carried  out  with  great  success  on  a  large  scale  in  the  form  known  as 
the  Porter-Clark  process,  and  also  in  a  modified  form  by  Messrs  Atkins  and  others. 

>  Chemical  News,  May  1869,  p.  289. 
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cates  a  yellow  tint  to  the  water,  arising  from  suspended  finely  divided 
peroxide  of  manganese.  This  is  probably  of  no  moment  as  far  as  health  is 
concerned,  but  it  is  unpleasant  Sometimes  the  addition  of  a  little  alum 
will  carry  down  this  suspended  matter ;  boiling  may  be  used,  but  often  has 
no  effect.     Sometimes  nothing  removes  it  but  filtration. 

The  indications  for  the  use  of  permanganate  are  these.  In  the  case  of 
any  foul-smelling  or  suspected  water,  add  good  Condy's  fluid,  teaspoonful 
by  teaspoonfid,  to  3  or  4  gallons  of  the  water,  stirring  constantly.  When 
the  least  permanent  pink  tint  is  perceptible,  stop  for  five  minutes ;  if  the 
tint  is  gone,  add  36  drops,  and  then,  if  necessary,  30  more,  and  then  allow 
to  stand  for  six  hours ;  then  add  for  each  gallon  6  grains  of  a  solution  of 
crystallised  alum,  and  if  the  water  is  very  soft,  a  little  calcium  chloride  and 
sodium  carbonate,  and  allow  to  stand  for  twelve  or  eighteen  hours. 

12.  Immersion  or  boiling  of  certain  Vegetables,  especially  those  containing 
tannin,  such  as  tea,^  kino,  the  Laurier  rose  {Nerium  Oleander,  which  is  also 
rubbed  on  the  inside  of  casks  in  Barbary),  bitter  almonds  (in  Egypt). 

13.  Charring  the  inside  of  Casks. — ^This  is  an  effectual  plan,  and  Bei^ 
thoUet  considered  it  more  effectual  than  the  immersion  of  pieces  of  charcoal; 
the  charring  can  be  renewed  from  time  to  time. 

14.  P.  F.  Frankland's^  experiments  seem  to  show  that  agitation  with 
small  fragments  of  certain  substances  effectually  purifies  water  from  oi^gamsms. 
Coke  has  a  powerful  influence. 

To  put  these  facts  in  another  form : — 

Organic  matter  is  got  rid  of  most  readily  by  distillation,  boiling,  exposure 
to  air,  agitation,  especially  with  small  fragments  of  charcoal,  coke,  or  spongy 
iron,  alum,  potassium  permanganate,  astringents. 

Carbonate  of  lim^,  by  boiling  and  addition  of  caustic  lime.  Various 
powders  are  sold  for  softening  water ;  they  consist  mainly  of  lime  with  a 
little  soda;  they  remove  temporary  hardness,  but  very  slightly  affect  the 
permanent. 

Iron,  by  boiling  and  lime  water,  and  in  part  by  charcoal. ^ 

Calcium  and  magnesium  sulphate  and  chloride  cannot  be  got  rid  of,  except 
very  partially.  Mr  Maxwell-Lyte  has  suggested  the  use  of  sodic  aluminate 
for  this  purpose,  but  experiments  at  Netley  with  it  were  not  very  satis- 
factory. 

It  should  be  remembered  that  some  water  plants  have  a  purifying  effect, 
apparently  from  the  large  quantity  of  oxygen  they  give  out ;  and  this  takes 
place  sometimes  though  the  water  itself  is  green. 

With  Filtration, 

Sand  and  Gravel, — On  a  large  scale,  water  is  received  into  settling  reser- 
voirs, where  the  most  bulky  substances  subside,  and  is  then  filtered  through 
gravel  and  sand,  either  by  descent  or  ascent,  or  both. 

The  London  water  companies  usually  employ  a  depth  of  1 J  to  4 J  feet;  in 


1  In  the  north  of  China,  and  especially  daring  winter,  the  water  of  the  Peiho  becomes  very 
impure,  and  contains,  not  only  suspended  matters,  but  dissolved  animal  matter  in  large  quan- 
tity, which  gives  the  water  a  disagreeable  offensive  smell.  The  Chinese  never  drink  it  except 
as  tea,  which  is  cooled  w^ith  a  lump  of  ice  if  it  is  desired  to  drink  it  cold.  In  this  way  they 
secure  themselves  from  all  bad  effects  of  this  water  (Friedel,  Das  Kliina  Ost-Asiens^  p.  60)1 
The  Europeans  use  alum  and  charcoal ;  but  these  do  not  always  entirely  remove  the  tastOL 
The  Tartars  also  use  their  **  brick  tea  "  to  purify  the  water  of  the  steppes,  which  would  other- 
wise be  undrinkable. 

'^  Proc,  Roy.  Soc.^  loc,  cit,  '  Chevalier,  Traiti  des  Disinfect.  ^  p.  147. 
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le  latter  t;ase,  the  upper  Btratiim  of  18  inclies  or  2  feet  is  composed  of  snnd* 
the  lower  3  feet  are  uimki  up  of  gravely  gradually  uiereasing  in  cour^cness, 
from  pieces  the  size  of  a  small  pea  and  beau  t-o  that  of  a  inifl<lle^jized  potato. 
If  the  filter  is  3  feet  in  thickness,  the  upper  15  inches  are  sand,  and  the 
lower  21  inches  are  graveh 

The  pres^sure  cpf  water  in  these  filters  is  not  great ;  the  depth  of  the  water 
is  never  ahovc  2  feet»  and  some  companie^s  lia\'e  only  one  foot.  Sixty  gallons 
is  the  u^ual  quantity  which  shoidd  piis*;  through  in  twenty-four  hours  for 
each  square  foot. 

The  sand  sliould  not  he  too  fine  ;  the  sharp  angular  i>articles  are  tlie  best. 
The  action  seems  chiefly,  though  not  altogether,  mechaideal ;  the  suspend pd 
impiiiitios,  both  minenil  and  organic,  rub  upon  and  adhere  t^n  the  angles 
and  plane  surfaces  of  the  sand,  which  are  gradu^iily  enf-ruste»l,  and  after  a 
certain  time  the  sand  has  t-o  he  cleaned.  The  effect  on  suspended  matters^ 
both  organic,  awl  mineral,  is  certainly  satisfactory.  On  dissolvetl  organic 
matter  it  is  less  ao.  Mr  Witt's  exj^eriraents  show  only  a  removal  of  about 
5  per  cent 

Some  ex|>eriments  were  made  at  Netley  on  a  .sand  Ulter  of  one  square  foot 
surface,  and  made  in  imitation  of  a  London  w^ater  company's  filter,  ™.,  15 
inches  of  fine  well-washed  white  sand,  and  20|  inches  of  gravel,  gradually 
incjeasing  in  coarseness.  The  first  eight  gallons  were  thrown  a'way,  so  as 
to  avoid  the  fallacy  of  including  the  distilletl  water  with  which  the  sand  had 
been  washed. 

This  sand  filter  had  some  efllacfc  in  lessening  the  tlissolved  constituents, 
br»th  mineral  and  organic,  but  the  efiect  %s^as  limited  ;  it  stopped  organic 
matter  after  it  ha<l  ceased  t^^>  an'est  lime.  After  a  longer  time  it  becami'  use- 
less* and  reqiurcil  washhig. 

On  dissolved  niineiul  matters  sand  exerts  at  first,  and  when  in  thick 
layers,  a  good  ileal  of  action ;  ranch  sodium  chloride  can  Im  removed  ;  arul 
Professor  Clark  luis  stated  that  even  lead  can  !>«>  gi->t  rid  of  by  filtering 
thnjugh  a  thick  stratum.  Very  fimdy  divided  clay  seems  U)  pass  through 
more  readily  than  any  other  suspimdcd  matters.^ 

The  experij^ients  of  Dr  Percy  Fraidvlund,^  by  the  biological  teat  of 
cultivation,  show  that  llie  ]>ower  of  some  sand  is  at  first  consideDd>lej  but 
that  it  ceases  after  a  time.  Ferruginons  green  sand  aiTcsted  all  orgaidsms 
at  first ;  iifter  tliirteen  days  it  arrested  88  per  cent.,  filtration  being  carried 
on  at  the  rate  of  0*73  gallon  per  square  foot  per  hour ;  after  one  month 
there  was  a  retluction  of  organi^ims  to  the  extent  of  39  [ter  cent.,  at  a  filtering 
rate  of  ri4  gallons  per  squurt^  font  per  hour.  Tlie  efficiency  of  this  sand  is 
therefore  greater  tiian  might  have  been  supposed. 


*  A  peL'uliar  ilifficulty,  never  ex perieneod  In  England,  was  discovered  in  the  filtering,  tliroagh 
sand,  of  the  Hooghly  water  at  Oilcutta.  During  the  rainy  Mi^son  the  fine  mnd  brought  down 
|jf!uetratef»  very  deujdy  into  the  Iilt4*r8,  and  rapi<Ily  ehokes  them  ;  id  the  dry  neason  thii  doei 
not  happn  :  the  .smij«fidcd  matters  are  arrestecL  ai  in  SiglnndT  nejir  the  upjter  surface  of  the 
sand.  Mr  D.  Waldie  {Jmtrn^  o/thti  Asiatic  Sttctety  of  Bengal  for  1S7  3,  imrt  11,  p.  2101  explains 
thin  by  showiag  that  in  the  rainy  »«m*on  the  water  contaiiiH  much  Ihhh  t*aliue  matter  than 
in  the  dry  season  ;  it  is  this  «&line  matter  which  mem»  to  act  on  and  so  cause  coherence  of  the 
pirticles  of  mtitl,  ko  that  they  become  larger  and  coarser,  and  are  more  eaifiily  urrested.  In 
order  to  remedy  this,  Mr  Waldie  proposej*  the  addition  ol  snbstanw.s  to  the  wsittjr,  during  the 
rains,  which  may  cau.se  this  coalescence  ;  he  hon  tried  a  great  inmiher  of  i^xperimeiits  and 
dilfcrent  iJubstftnce.H  ;  on  the  whole  crystallisttd  alum  and  perchlorirleof  ironarethobe«t ;  65*4 
lbs,  of  crystalliKed  alum,  or  19*15  lbs.  of  perchloritle  of  iron,  were  found  to  be  necessary  forthe 
d&rillcation  of  one  million  gallons  of  muddy  Hooghly  water  during  the  rainy  Mason. 

Eiggin  found  iwauuded  cinders  in  sand  removed  the  yellowish  opalescence  of  the  Hiver  Plate 
water. 

*  See  Proe.  qf  Roy.  Soc,^  voL  xxiviii.  p.  382  ;  also  Proc.  Inst,  Civil  Engineers,  vol.  Ixxxw  ; 
ftlflo  Troi9uacium4  qf  the  .Sanitor^  IwdituU  o/  Grtat  Britain,  vol.  viii,  York  Coik^«s^. 
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The  fine  white  sand  chosen  carefully,  well  washed,  and,  if  possible,  heated 
to  redness  before  use,  has  hitherto  been  thought  the  best,  but  P.  Frankland's 
experiments  show  that  its  power  of  arresting  organisms  is  only  moderate,  and 
much  inferior  to  that  of  the  ferruginous  green  sand. 

Instead  of  sand  and  gravel,  trap  rock  has  been  used.  Even  pulverised 
bricks  have  some  effect  for  a  time  (P.  'Frankland). 

Sjxmge. — Sponge  has  a  considerable  effect  in  mechanically  arrestuig 
suspended  particles,  but  very  little  on  dissolved  matters.  It  is  itself  an 
organic  substance,  soon  clogs,  and  ought  not  to  be  used. 

Animal  Charcoal, — Pure  animal  charcoal  (deprived,  as  far  as  possible,  of 
calcium  phosphate  and  carbonate  by  washing  or  by  hydrochloric  acid)  used 
to  be  considered  one  of  the  best  filtering  materials.  The  particles  of  char- 
coal should  be  well  pressed  together,  and  the  passage  of  the  water  should 
not  be  too  quick.  Contact  witii  the  water  for  about  four  minutes  appears 
sufficient.  There  is  a  large  (and,  if  the  layer  of  charcoal  be  deep  enough, 
complete)  removal  of  suspended  matters,  both  mineral  and  organic ;  water 
even  deeply  tinged  comes  through  a  good  charcoal  filter  very  clear  and 
bright.  So  also  dissolved  mineral  matters,  including  lead,  are  removed  by 
charcoal,  its  efficiency  in  respect  to  the  latter  being  due  to  the  contained 
phosphates ;  a  white  or  grey  phosphate  of  lead  is  formed,  which  coats  the 
charcoal ;  when  this  appears  white  from  the  coating,  its  efficiency  is  lost^ 
As  regards  dissolved  organic  matters,  these  are  entirely  oxidised  at  first,  but . 
the  power  of  the  charcoal  is  limited,  and  after  a  time  it  ceases  to  be  efficient. 

In  experiments  made  with  animal  charcoal  at  Netley  (by  Drs  F.  de 
Chaumont  and  J.  L.  Notter)  it  was  found  that  it  had  a  very  rapid  and 
powerful  effect  upon  dead  or  decomposing  organic  matter,  but  that  it  allowed 
fresh  organic  matter,  such  as  fresh  egg  albumin,  to  pass  through  to  a  very 
large  extent  unchanged.  ^  This  suggests  serious  considerations  with  reference 
to  the  effect  upon  disease  poisons.  It  was  also  found  (as  in  Mr  Byrne's 
experiments)  that  after  a  time  the  filtering  action  not  only  ceased,  but  that 
the  charcoal  began  to  give  back  some  of  the  organic  matter  it  had  removed. 
The  same  result  takes  place  if  the  water  be  left  too  long  in  contact  with  the 
charcoal.  Water  filtered  through  charcoal,  if  it  be  kept  for  any  length  of 
time,  shows  some  evidence  of  low  forms  of  organic  life, — in  some  instances 
a  copious  deposit  forming.  This  may  be  due  either  to  spores  or  germs  pass- 
ing through  unchanged,^  or  to  the  phosphates  yielded  by  the  charcoal  afford- 
ing a  favourable  nutrient  medium  for  germs  absorbed  from  the  atmosphere. 
These  conclusions  have  been  fully  confirmed  by  Dr  P.  Frankland's*  cultivation 
experiments,  in  which  he  found  that  during  the  first  twelve  days  the  animal 
charcoal  effectually  kept  out  all  germs ;  but  after  a  month  the  filtered  water 
was  more  highly  impregnated  (nearly  five  times)  than  the  original  water. 
For  these  reasons  it  seems  unadvisable  to  use  charcoal  for  filtration  on  a  large 
scale,  independent  of  the  consideration  of  expense.  The  plan  of  placing 
charcoal  filters  in  water  cisterns,  now  often  practised,  ought  also  to  be  given 
up.  The  conclusions  to  be  arrived  at  with  regard  to  charcoal  as  a  filtering 
medium  are  these : — (1)  It  acts  both  chemically  and  mechanically,  and  is  at 
first  both  rapid  and  efficient.  (2)  With  a  good  bulk  of  material,  water  may 
be  passed  through  nearly  as  rapidly  as  it  can  flow,  and  be  well  purified. 
(3)  Water  must  not  be  left  in  contact  with  the  charcoal  longer  than  is 

>  A.  H.  Allen,  Brit  Pharmac.  Conference,  1889. 

-2  See  Sanitary  Record,  Oct.  1876,  p.  288,  and  A.M,D.  Reports,  vol.  xix.  p.  170. 
'  This  appears  the  more  probable.     Minute  diatoms  were  found  in  water  which  had  been 
kept  for  some  months  after  being  passed  through  Crease's  large  filter  tanks  at  Parkhurst. 
«  Proe,  Roy.  Soe.,  loc.  ciL 
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necessary  for  filtnition,  as  it  i^  apt  to  take  up  organic  matter  again.  (4) 
Water  filtered  tlirough  charcoal  must  not  be  j^torod  for  any  time,  but  must 
be  u^d  immediately,  as  if  kept  it  is  apt  tc*  become  charged  with  minute 
living  organisms.  (5)  Since  fre^^h  organic  matter  may  j)aHs  thnairfh  it 
imchanged,  animal  charcoal  cannot  be  coniiLlently  depemled  upon  tt?  purify 
water  frum  ilisease  poison.  (6)  The  power  of  charcoal  is  limited  ;  with  a 
moderately  good  water  it  remains  efficient  for  sonic  time,  but  with  an  impure 
water  it  sixui  becomes  inactive.  In  all  cases  it  «iught  to  lie  cleaned  or 
renewed  at  kiist  every  three  months,  and  with  impure  waters  much  ofteuer, 
say,  every  week  or  every  fortnight. 

Vegetable  Charcoal — Peat  Vharcoal-^Seaweed  Chai^coal. — The  first  is 
much  less  efficacious  chemically  than  animal  charcoal, — even  useless,  accord- 
ing tf.)  E.  Frankland.  But  F,  Frankiand  s  biological  experiments  show  it  to 
be  much  more  efficacious  and  lasting  in  its  i^nnvers  tlinn  animal  charcoal. 
The  cithers  are  mther  more  eliectuid  ch*?mically,  but  their  luological  power 
has  not  yet  bt-en  tested. 

Coke  shows  remarkaljle  powers  of  keeping  back  organisms,  at  least  for  a 
time ;  in  this  respeet,  it  is  equal  to  animal  charcoal  at  first,  and  retains  its 
power  longer. 

Jipongy  Iron. — This  suhstance,  obtained  by  roasting  hiematite  iron  ore,  is 
porous  metallic  iron,  probably  mixed  ivith  magnetic  oxide,  and  not  unlike 
animal  charcoal  in  iqtpcarance.  It  occupies  a  space  of  alxmt  twenty  cubic 
feet  iAi  the  ton.  Its  action  on  water  is  both 
mechanical  and  chemical,  for  it  arrests  sus- 
pended matter  and  also  fjxidises  organic 
matter  in  solution*  It  acts  upon  water 
itself,  decomposing  it  and  setting  free 
hydrogen, — the  oxygen  being  afterwards 
given  up  to  c»rganic  matter  that  may  come 
in  conUict  with  it.  Its  oxidising  jjower  is 
very  great,  idthough  perhaps  a  little  slow. 
Experiments  at  Netleyi  showed  that  it 
could  be  deixmded  u[ion  to  remove  the 
greater  i>art  of  the  diH?^olv<Hi  orgimic  matter, 
and  with  jjria longed  exposure  the  whole  of 
it  in  many  instances,  it  has  not  much 
effect  on  mineral  mutter,  Imt  removes  lead. 
It  yields  a  little  iron  U^  the  water,  vs'hieh, 
however,  can  he  removed  by  further  filtra- 
tion through  prepared  sfmd, — that  is,  sauil 
or  finif  gravel  with  pyrolutjite.  Beyond 
tills  nothing  is  yiehh'd  to  the  water,  whicli 
comes  out  quiU^  clear  and  piu'e,  and  may 
!)e  st<;>red  for  a  long  time  without  under- 
going any  change  or  showing  signs  of  the 
proiluction  of  living  organisms, — or  in  any 
way  favouring  putrefaction.*  Water  left 
in  contact  with  it  does  not  deteriomte.     It  ^*  *• 

retains  its  tilt«?ring  fxiwer  a  long  tiine,^very  much  longer  than  animal  char- 


i  AM.D,  Heport^*,  vol.  xit,       , 

*  Sw  M*  Gtistav  Bisehof,  **  On  Putrescent  OrKanic  Matter  in  Potable  Water,"  Proc,  R^ty, 
flbc.,  No.  80,  1877  ;  uIbo  '*  Sanitary  Notes  on  Pol«l>k'  Witter,"  SiinUtiry  Reaml^  vol.  x.  p,  237. 

>  liescrxpUtm.—^h^  untilterttl  wiit^r  is  suppliM  by  tiieaiis  of  n  l«in-ecjck  (B),  which  ii 
futeni?d  to  Ihe  side  of  th«  filter  eAA«.  If  the  pj^-i.^iire  of  the  water  l.w  very  grvat,  n  lnrg«  size 
glttu  ball  ahould  be  ordered,    I1ie  water  parses  first  through  the  tine  Spongy  Iron  t,4\^  'mVvf^ 
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cuiiL  Tlirise  quiiliti«?s  arc*  fully  caiiliriiied  by  tlic  biological  oxpr^riinonts  of 
P.  FnmkliuRL  Such  properties  roiider  it  suitable  for  use  on  a  large  scale, 
auil  it  hiis  bt'en  so  used  hi  sevenil  plficGs,  as,  f^jr  extiiuple^  iri  the  Water 
Works  of  Aotweri).  On  the  whole,  it  uiust  l>e  ItKiked  iipou  as  one  of  the 
most  powerful  and  litsting  filtering  nieilia  we  have. 

Spencer*8  Maxindic  CitrhiJe  is  prepiired  by  roasting  equal  parts  of  red 
hsematite  ore  and  ^iwdust  in  a  retcu't ;  the  resulting  carbide  of  iron  is  crushed 
and  inLxed  with  sand ;  it  is  said  to  answer  thoroughly  well  lor  hlteiing 
purposes. 

Doidton's  Manganotis  Carbon  is  a  mixture  i>f  aninial  charcoal  and  black 
oxide  of  manganese,  wliich  covers  a  block  t>f  prepared  carbon,  through  wliich 
the  water  has  t/j  pass  :  tlie  manganese  dioxide  is  intended  to  act  as  an  oxidiser. 
Carbaliie, — This  substance  is  used  iii  the  Koyal  Xa\y.  It  is  said  that, 
while  ha\^ng  all  the  purifying  powers  of  animal  charcoal,  from  the  absence 
of  any  phosphate  or  nitrtjgenuus  animal  matter,  it  in  no  way  favours  the 
growth  of  low  fonns  of  life.     It  is  used  in  Crease's  Iiltei*s. 

Polariie^  or  Magneik  Spongy  CaHmn^  consists  of  oxide  of  iron  ^^ith  some 
silicn,  alumina,  and  carbonates :  its  action  is  very  similar  Uy  that  of  apong)' 
irfin.^ 

Dovustic  Filters. — (hi  a  small  scale,  a  number  of  substiinces  have  been 
used  J  sucli  as  animal  ajid  vegetable  charcoal,  in  granules  or  powder,  or 
made  into  blwks,  or  fine  silica  ijupregnated  witli  eliarcoal  (silictited  eiirlxm 
filt<^rs),  haematite  and  magnetic  iron  ores,  the  so-called  magnetic  caibide, 
spkugy  iron,  manganic  oxide,  flannel,  wrxd,  sponge^?,  porous  sandstones 
(natural  and  artificial),  <fec* 

The  **  Filtrt'  Kapide  "  of  ^laigneii  is  an  arrangement,  by  which  a  large 

stnnning  surf •    ''n'sented  to  the  water  by  the  spreading  of  asbestos  cloUi 

(jviir  a  frame,  or  o%'er  a  perforated  cone  of  por- 
celain. Any  filtering  inedium  in  powder  or 
gi*5iiniles  may  be  mixed  witli  the  water  and 
s**ttles  on  tlie  cloth  ]  this,  of  course,  can  be 
renewed  as  required.  The  mediuni  employed 
by  the  inventor  is  animal  charcoal,  which  htis 
undergone  a  preliminary  treatment  with  acetic 
acid,  and  the  excess  of  aciil  neutralised  mth 
lime  ^v'atel^  The  filter  is  simple  m  construction 
and  very  |iortahle  ;  but  the  amount  of  material 
used  is  small,  and  it  must  be  very  frequently 
renewefL 

M<  aris'  **  Circulathig  Filter  "  is  of  very  simple 
constniction,   and    can    be   easily   imderst^iod 

*|         from   the   accompanying  figure  (lig.  3),     The 
I        rss(*ntial  feature  is  tlie  em]ik^yment  of  a  tine* 
grained    and    of   a  coarse-grained    ]wwder  of 
t'Jg-  3.  carbon  or  other  filtering  sulistance :  the  water 

having  passed  thriiugh  tiie  finer-graLned  jxirtion  is  conducted  ijito  a  com- 
{lartment  filled  with  larger  gmins:  its  flow  is  therefore  hastened,  and  by 


h  coutoiued  in  the  inuur  ve<ft»el,  ami  next  througli  a  layer  of  tine  PjTolusit*  (3),  which  rt?»U 
oa  the  nfibeittos  bag  (2).  It  la^^tly  imrtsts  through  a  tubi*  prnvifU'il  at  its  outer  **ud  w-ith  a  screw 
C4iii(l),  with  Aregulat«ii  opeuiug,  mto  ih«  PtiJM?r\'oir  for  filtered  water.  Till!  flow  of  wattir  U 
thus  controlled  by  the  kums  of  such  oi>etiiu^.  ThtA  filter  h  usually  taken  for  ordinarj^  house- 
hold purpose?*,  ftii<l  can  be  liad  without  Luall-cock  for  hand  supply* 
»  See  A, MM,  MepftrU^  vol  xxii.  p.  317. 
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means  of  a  short  tube  opening  directly  from  this  into  the  external  air,  the 
carbon  is  kept  aerated  and  more  or  less  dry.  There  are  no  joints  or  fittings, 
and  the  filter  cannot  get  out  of  order.  The  medium  at  present  employed  is 
manganous  carbon  (Doulton*s). 

The  Chamberland  filter,  used  by  Pasteur,  consists  of  a  cylinder  of  porce- 
lain through  which  the  water  is  forced.  It  renders  water  free  from  all 
suspended  matters,  clear  and  bright,  and  (it  is  said)  effectually  strains  off 
organisms  and  their  spores,  but  has  little  or  no  effect  on  the  dissolved 
constituents.^ 

The'  filters  in  the  market  in  this  country  are  very  numerous,  but  the  most 
important  are  the  following : — 

1.  Those  containing  animal  charcoal,  in  granules  or  powder. 

2.  Animal  charcoal,  compressed  into  blocks  by  admixture  with  silica  and 

other  substances. 

3.  Spongy  iron  filters. 

4.  Magnetic  iron  filters. 

5.  Those  containing  other  substances  of  a  nature  chiefly  mineral. 
The  essentials  of  a  good  filter  are  the  following : — 

1.  That  every  part  of  the  filter  shall  be  easily  got  at,  for  the  purposes  of 

cleaning,  or  of  renewing  the  medium. 

2.  That  the  medium  have  a  sufficient  purifying  power  both  as  to  chemical 

action  on  organic  matter  in  solution  and  arrest  of  organisms  or  their 
spores  in  suspension,  and  be  present  in  sufficient  quantity. 

3.  That  the  medium  yield  nothing  to  the  water  that  may  favour  the 

growth  of  low  forms  of  life. 

4.  That  the  purifying  power  be  reasonably  lasting. 

5.  That  there  shall  be  notliing  in  the  construction  of  the  filter  itself  that 

shall  be  capable  of  undergoing  putrefaction,  or  of  yielding  metallic 
or  other  impurities  to  the  water. 

6.  That  the  filtering  materials  shall  not  be  liable  to  clog,  and  that  the 

delivery  of  the  water  shall  be  reasonably  rapid. 

The  first  of  these  conditions  obviously  sets  aside  all  filters  of  the  older, 
and  what  used  to  be  the  usual,  pattern,  where  only  a  small  layer  of  filtering 
material  was  present,  which  was  cemented  up,  so  as  not  to  be  reached  with- 
out breaking  open  the  apparatus. 

The  second  condition  is  fulfilled,  so  far  as  filtering  jx)wer  is  concerned,  by 
a  number  of  media,  chiefly  spongy  iron,  magnetic  oxide,  or  carbide  of  iron, 
and  charcoal  for  a  short  time.  Coke,  sand,  and  some  other  substances  arrest 
organisms  for  some  time,  but  do  not  affect  the  organic  constituents  chemi- 
cally. With  regard  to  bulk  of  material,  this  is  fairly  well  attended  to  in 
the  filters  where  loose  material  is  used )  but  where  solid  blocks  are  employed 
the  size  is  often  quite  incommensurate  with  the  work  they  are  called  upon 
to  do. 

The  third  condition  is  complied  with  by  spongy  iron,  polarite,  magnetic 
oxide  or  carbide,  and  some  other  materials ;  but  (as  before  mentioned),  not 
by  animal  charcoal  in  the  loose  condition.  As  solid  blocks,  it  seems  to 
yield  less  to  water  than  in  the  granular  condition. 

The  fourth  condition  depends  a  good  deal  upon  the  relative  degree  of 
impurity  of  the  water.  The  spongy  iron,  polarite,  and  the  magnetic  oxide 
or  carbide,  on  the  whole,  last  the  longest. 

1  Some  experiments  at  Ketley  (1889),  however,  have  indicated  that  a  new  Chamberland  filter 
may  materially  diminisli  the  dissolved  orffanic  matters,  the  albuminoid  ammonia  to  the  extent 
of  about  one-half.    A.M.D,  RepoH  for  1888,  vol.  xxix. 
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The  fifth  condition  demands  that  nothing  organic  shall  be  used  in  the 
construction  of  the  filter,  or  in  the  packing  of  the  interior.^  Iron  or  other 
metal  must  be  protected  from  the  action  of  the  water.^ 

The  iixih  condition  is  generally  fulfilled  when  the  material  is  loose,  and 
when  the  water  is  not  too  full  of  suspended  matter.  Sometimes  sponge  is 
used  to  arrest  suspended  matter,  but  it  is  so  apt  to  get  foul  that  its  use  should 
be  avoided.  The  block  filters  are  very  apt  to  clog,  a  slimy  substance  forming 
on  their  surface.  This  is  partly  obviated  now  by  the  use  of  asbestos  strainers 
(as  in  the  silicated  carbon  and  other  filters).  Spongy  iron  is  apt  to  cake  unless 
kept  constantly  covered  with  water,  but  this  is  arranged  for  in  the  new*  forms 
of  filter.  As  regards  rapidity  of  delivery,  the  animal  charcoal  has  the  advan- 
tage over  spongy  iron  and  block  filters,  in  the  following  ratio  : — 

1.  Animal  charcoal,  water  runs  through  fairly  well  purified  in  2^  to  4  minutes. 

2.  Silicated  carbon,  average  exposure,  15  minutes. 

3.  Spongy  iron,8  „  ,,  22        „ 

It  is  obvious  that,  for  reasons  of  convenience,  one  filter  may  be  preferable 
to  the  others  according  to  circumstances.  If  the  water  is  required  imme- 
diately in  considerable  quantity,  and  it  is  to  be  consumed  at  once,  animal 
charcoal  would  be  used,  but  would  require  frequent  renewal,  the  frequency 
depending  on  the  impurity  of  the  water.  In  the  other  cases,  where  the 
delivery  is  slower,  the  size  or  the  number  of  the  filters  would  have  to  be 
arranged  accordingly. 

Cleansing  of  Filters. — All  filters  when  first  taken  into  use  require  to  be 
washed  by  passing  from  10  to  20  gallons  of  fairly  good  water  through 
them,  according  to  the  size  of  the  filter,  as  the  filtering  medium  generally 
yields  something  to  water  in  the  beginning.  It  is  also  necessary  to  ensure 
the  removal  of  dust,  &c.,  that  may  be  in  the  apparatus.  But  after  a 
certiiin  time  of  use  all  filtering  media  not  only  cease  to  be  efficient,  but 
even  in  some  instances  give  up  impurity  to  the  water  passed  through 
them;  so  much  is  this  the  fact  that  cases  of  illness  have  been  traced  to 
this  source,  and  some  persons  have  thought  the  dangers  of  filtration  were 
greater  than  those  of  unfiltered  water.  There  is  no  doubt  that  the 
practice  of  depending  for  years  upon  the  efficiency  of  a  filter,  which  has 
never  been  cleaned  or  had  its  material  renewed,  is  fraught  with  danger; 
and  there  is  stiU  danger  to  be  apprehended  from  many  of  the  so-called 
"  self -cleaning  "  filters,  which,  in  the  words  of  advertisements,  "  require  no 
attention."  There  is  a  limit  to  the  power  of  all  filtering  materials,  and  no 
implicit  confidence  can  be  placed  in  any  of  the  methods  vaunted  as  "  self- 
cleaning."  It  is  not  possible  to  state  jwsitively  the  length  of  time  any 
filtering  material  will  remain  efficient,  so  much  depending  upon  the  con- 
dition of  the  water  and  the  quantity  passed  through.  Animal  charcoal  in 
granules  or  powder  ought  to  be  cleaned  or  renewed  at  least  every  three 
months,  and  much  oftener  if  used  with  dirty  waters.  The  best  plan  of 
cleaning  is  to  heat  it  to  redness  imder  cover,  and  then  wash  it  with  dis- 
tilled water  or  the  cleanest  that  can  be  procured.  Failing  this,  boiling  it, 
with  or  without  permanganate  of  potassium  solution  or  dilute  Condy^s  fluid 
and  a  little  mineral  acid,  is  the  safest  plan.  After  this  it  may  be  exposed 
to  the  air  and  sun,  thoroughly  washed,  and  then  used  again.     The  perman> 

^  Cotton  has  sometimes  been  u.se<l,  and  gone  rapidly  to  decay. 

■•*  Water  has  been  found  strongly  charged  with  zinc,  from  the  use  of  so-called  galvanised 
iron  in  filters. 

'  Water  can  be  drawn  off  much  more  rapidly  fironi  this  filt<»r,  if  required,  but  this  is  not 
recommended  by  the  inventor. 
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ganate  solution  (or  Condy's  fluid)  should  be  passed  through  it  until  it  comes 
out  a  distinct  pink  colour. 

Spongy  iron  retains  its  efficiency  for  a  long  time,  and,  as  in  the  filters 
made  with  it  the  flow  of  water  is  expressly  limited  with  reference  to  the 
bulk  of  material,  the  difference  is  solely  in  relation  to  the  greater  or  less 
impurity  of  the  water  acted  upon.  Its  efficiency  may  generally  be  depended 
upon  for  a  year,  and,  unless  the  water  be  very  impure,  even  for  a  consider- 
ably longer  time.  The  experiments  (by  cultivation)  of  P.  Frankland  would 
seem  to  indicate  a  much  earlier  failure  of  efficiency,  and  it  would  be  well  to 
have  the  water  tested  both  chemically  and  biologically  at  intervals,  to  be 
assured  of  the  continued  efficiency  of  the  medium.  When  the  limit  of 
efficiency  is  reached,  the  only  safe  plan  is  to  renew  the  charge  of  material, 
and  it  is  generally  advisable  to  provide  for  this  renewal  once  a  year,  or 
oftener  if  examination  of  the  water  indicates  the  necessity  of  it ;  should  cir- 
cumstances arise,  however,  to  prevent  this  renewal,  the  best  plan  for  cleaning 
is  to  subject  all  the  material  to  the  action  of  fire,  up  to  a  low  red  heat,  then 
to  wash  the  whole  well,  and  return  it  into  the  filter.  The  cleansing  with 
permanganate  and  acid  must  not  be  attempted. 

Filters,  where  the  material  is  cemented  up  and  cannot  be  removed,  ought 
to  be  abandoned  altogether. 

Strainers  of  sponge,  or  any  material  which  cannot  stand  the  action  of 
fire,  ought  also  to  be  given  up.  Asbestos  forms  an  excellent  strainer,  and 
can  be  heated  to  redness,  so  as  to  destroy  all  organic  matter,  as  often  as 
required. 

Block  Filters  are  generally  undesirable  forms ;  but,  if  charcoal  is  the  mate- 
rial used,  they  may  be  cleansed  by  carefully  brushing  the  surface,  pumping 
air  in  the  reverse  way,  and  treating  with  permanganate  as  above  described. 
They  are  of  various  sizes,  from  small  pocket  filters  to  large-sized  domestic 
filters  delivering  30  to  50  gallons  a  day.  The  pocket  filters  are  useful  as 
strainers,  but  their  small  size  must  make  the  duration  of  their  oxidising 
power  very  short.  They  ought  to  be  frequently  brushed  and  washed  in 
clean  water,  with  permanganate  if  possible. 

Chamberland  filters  may  be  cleansed  by  being  taken  to  pieces,  and  the 
parts  thoroughly  brushed,  then  washed  well  with  a  solution  of  one  part  in 
six  of  hydrochloric  acid. 

Cistern  and  Pipe  Filters, — Filters  are  sometimes  placed  in  cisterns,  being 
constantly  immersed  in  the  water  to  be  filtered.  This  is  an  objectionable 
plan,  and  ought  to  be  abandoned.  Pipe-filters  are  those  which  are  placed  in 
the  course  of  a  supply-pipe,  and  tap-filters  those  which  are  fitted  on  to  a 
delivery  tap.  The  objection  to  most  of  those  filters  is  that  they  are  gene- 
rally much  too  small  for  the  work  expected  from  them,  as  they  are  usually 
represented  by  a  small  cylinder  of  block  carbon  or  a  few  ounces  of  animal 
charcoal.  For  proper  filtration  the  only  way  is  to  have  a  full-sized  filter 
attached  to  the  supply-pipe,  with  a  ball-cock  or  similar  apparatus  for  filling 
it.^  The  object  is  of  course  two-fold, — first,  to  ensure  that  all  the  water 
drawn  shall  be  filtered ;  and,  second,  to  save  the  time  required  when  the 
filter  has  to  be  filled  by  hand. 

Service-Filters  for  Land  and  Sea, — Col.  Crease,  C.B.,  Royal  Marine 
Artillery,  has  arranged  some  excellent  forms  of  filters,  both  small,  for  bar- 
rack, hospital,  or  ambulance  use,  and  large  tanks  for  ships  or  for  large  bodies 
of  men  on  shore.  The  principle  of  them  all  is  a  filter  of  strong  durable 
material,  which  yields  nothing  to  water,  space  for  a  large  quantity  of  filtering 


1  See  fig.  2,  p.  87. 
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material,  and  a  rapid  deliver}'.  The  small  filters  may  be  earthenware  or  iron, 
the  latter  being  protected  internally  by  a  patent  cement ; — the  larger  tanks 
of  iron,  protected  in  the  same  way. 

Carbalite  has  superseded  all  other  filtering  materials  in  the  Royal  Na^^-, 
and  is  found  to  remove  organic  matters  and  purify  water  very  effectually. 
The  filters  are  so  constructed  that  the  rate  of  filtration  can  be  regulated  by 
screwing  up  or  loosening  a  bolt.  If  the  water  is  fairly  clean  the  screw  is 
loosened,  whilst  if  the  water  is  dirty,  it  can  be  tightened.  By  using  a  large 
quantity  of  the  material  with  a  rapid  delivery,  a  storage  reservoir  becomes 
imnecessary. 

The  Filtre  Rapide  of  Maignen  is  now  used  a  good  deal  in  the  service, 
both  for  barrack  and  hospital  use,  and  also  in  the  field.  ^ 


SECTION  V. 
Sub-Section  I. — Search  after  Water. 

Occasionally  a  medical  officer  may  be  in  a  position  in  which  he  has  to 
search  for  water.     Few  precise  rules  can  be  laid  down. 

On  a  plain,  the  depth  at  which  water  will  be  found  will  depend  on  the 
permeability  of  the  soil  and  the  depth  at  which  hard  rock  or  clay  will  hold 
up  water.  The  plain  should  be  well  surveyed ;  and,  if  any  part  seems  below 
the  general  level,  a  well  should  be  sunk,  or  trials  made  with  Norton's  tube- 
wells.  The  part  most  covered  with  herbage  is  likely  to  have  the  water 
nearest  the  surface.  On  a  dry  sandy  plain,  morning  mists  or  swarms  of 
insects  are  said  sometimes  to  mark  water  below.  Near  the  sea,  water  is 
generally  found ;  even  close  to  the  sea  it  may  be  fresh,  if  a  large  body  of 
fresh  water  flowing  from  higher  ground  holds  back  the  salt  water.  But 
usually  wells  sunk  near  the  sea  are  brackish ;  and  it  is  necessary  to  sink 
several,  passing  farther  and  farther  inland,  till  the  point  is  reached  where 
the  fresh  water  has  the  predominance. 

Among  the  hills  the  search  for  water  is  easier.  The  hills  store  up  water, 
which  runs  off  into  plains  at  their  feet.  Wells  should  be  sunk  at  the  foot 
of  hills,  not  on  a  spur,  but,  if  possible,  at  the  lowest  point ;  and  if  there  are 
any  indications  of  a  water-course,  as  near  there  as  possible.  In  the  valleys 
among  hills  the  junction  of  two  long  valleys  will,  especially  if  there  is  any 
narrowing,  generally  give  water.  The  outlet  of  the  longest  valleys  should 
be  chosen,  and  if  there  is  any  tmce  of  the  junction  of  two  water-courses, 
the  well  should  be  sunk  at  their  union.  In  a  long  valley  with  a  contrac- 
tion, water  should  be  sought  for  on  the  mountain  side  of  the  contraction. 
In  digging  at  the  side  of  a  valley,  the  side  with  the  highest  hill  should  be 
chosen. 

Before  commencing  to  dig,  the  country  should  be  as  carefully  looked  over 
as  time  and  opportunity  permit,  and  the  dip  of  the  strata  made  out  if  pos- 
sible. A  little  search  will  sometimes  show  wliich  is  the  direction  of  fall 
from  high  grounds  or  a  watershed. 

If  moist  ground  only  is  reached,  the  insertion  of  a  tube,  pierced  with 
holes,  deep  in  the  moist  ground,  will  sometimes  cause  a  good  deal  of  water 
to  be  collected.  The  Norton  tube-well  gave  satisfaction  in  Abyssinia, 
although  it  did  not  succeed  so  well  in  Ashantee.     It  was  also  used  witli 

1  A  description  of  it  is  given  in  tlie  Regulations  for  the  Medical  Services  (1890),  App.  No.  7, 
^.186. 


SUPPLY  OF  WATER  TO  SOLDIERS. 


93 


some  success  in  the  Soudan,  1884.  This  pump  will  yield  about  7  gallons 
per  minute.  A  common  pump  will  raise  the  water  in  it  if  the  depth  be  not 
more  than  24  or  26  feet ;  if  deeper,  a  special  force  pump  has  to  be  used. 

Sub-Sbction  II. — Special  Considerations  on  the  Supply  op  Water 

TO  Soldiers. 

In  barracks  and  hospitals,  and  in  all  the  usual  stations,  all  that  has  to  be 
done  is  to  make  periodical  examinations  of  the  quantity  and  quality  of  the 
water,  to  inspect  the  cisterns,  &c.,  and  to  consider  frequently  if  in  any  way 
wells  or  cisterns  have  been  contaminated.  As  far  as  possible,  a  record 
should  be  kept  at  each  station  of  the  normal  composition  of  the  water. 

In  transport  ships,  the  water  and  the  casks  or  tanks  should  always  be 
examined  before  going  to  sea.  Should  it  show  signs  of  putridity,  distilla- 
tion of  sea-water,  which  is  now  easily  managed,  should  be  resorted  to.  If 
the  water  distils  over  acid,  neutralise  with  carbonate  of  soda.  If  there  is  a 
little  taste  from  organic  matter,  let  it  be  exposed  to  the  air  for  two  or  three 
days.  Crease's  tank-filters  supply  an  excellent  means  of  purifying  water  in 
large  quantities.  The  spongy  iron  sliip-filter  is  also  an  excellent  form  of 
filter  for  the  purpose,  and  has  the  further  advantage  of  removing  lead 
should  the  water  have  taken  any  up  during  the  process  of  distillation. 

During  marches  each  soldiefr  carries  a  water-bottle.^  He  should  be  taught 
to  refill  it  with  good  water  whenever  practicable.  If  the  water  is  decidedly 
bad,  it  should  be  boiled  with  tea,  and  the  cold  tea 
drunk.  The  exhausted  leaves,  if  well  boiled  in 
water,  will  give  up  a  little  more  tannin  and  colouring 
matter,  and  will  have  a  good  effect ;  and  if  a  soldier 
would  do  this  after  his  evening  meal,  the  water 
would  be  ready  for  the  next  day's  march.  Alum 
and  charcoal  should  be  used.  Small  charcoal  or 
sandstone  filters  with  elastic  tubes  at  the  top,  which 
draw  water  through  like  siphons,  or  through  which 
water  can  be  sucked,  are  useful,  and  are  now  much 
employed  by  both  officers  and  men.  They  have 
been  largely  used  by  the  French  soldiers  in  Algiers, 
and  some  were  issued  to  our  troops  both  in  the 
Ashantee  and  Soudan  campaigns.  It  must  be  im- 
derstood  that  these  are  all  merely  strainers,  and  do 
not  purify  the  water  from  dissolved  substances.  A 
spongy  iron  pocket-filter  (fig.  4)  has  lately  been 
introduced,  and  seems  likely  to  be  serviceable. 

Soldiers  should  be  taught  that  there  is  danger  in 
drinking  turbid  water,  as  they  will  often  do  when 
they  are  overcome  with  thirst.  Not  only  all  sorts 
of   suspended   matters   may  be   gulped  down,  but  Fig.  4.- 

even  animals.     On  some  occasions  the  French  army  in  Algiers  has  suffered 
from  the  men  swallowing  small  leeches,  which  brought  on  dangerous  bleeding. 
The  pocket  filters  act  fairly  well  in  removing  these  suspended  matters. 
If  water-carts  or  water-skins  are  used,  they  should  be  regularly  inspected ; 


r^ 


1  The  Italian  water-bottle  was  officially  adopted  in  our  army,  but  it  is  doubtful  if  it  has 
any  advantage  except  its  convenient  shape.  It  certainly  inimrts  an  unpleasant  taste  to  the 
water  at  first,  and  presents  difficulty  in  cleaning.  An  enamelled  bottle,  covered  with  felt,  has 
now  been  substituted  for  it.  In  India  an  onlinary  soda-water  bottle  covered  with  leather  is 
used  :  these  are  clean  and  serviceable,  and  appear  to  answer  well. 

2  Deacriptwn.—I.  Asbestos  bag.    3.  Pyrolusite.    4.  Spongy  iron. 
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every  cart  should  have  a  straining  filter  of  pure  sand,  through  which  the 
water  should  pa^s.  The  carti  and  skins  should  be  BcrupidoiLsly  cleaiL  Th& 
water-carriers,  or  bhistio-s,  in  India,  slioulii  be  paraded  every  morning,  and 
the  sources  of  water  inquired  into. 

\Mien  halting  ground  is  reached,  it  may  be  necessary  tfi  filter  the  water. 


Fig.  5. 


Fig.  6. 


A  common  plan  is  to  carry  a  ca^k  charred  inside  and  pierced  with  small 
holes  at  the  bottom  ;  it  is  sunk  in  a  small  streuni^  an<i  the  waU»r  rise.s  ihrtLiiigh 
the  hole.s.  A  ln'tter  yAnn  still  is  Ui  have  two 
I'iusks,  one  inside  the  titber,  tlie  outer  pierced  with 
hole^  at  the  bott^»in  and  the  iniier  near  tlie  top ; 
the  apace  between  m  iilled  with  sand,  gravel,  or 
any  tOteriiig  medium  that  may  be  proeiu-able ;  the 
water  risei?  through  the  gravel  between  the  barrels, 
and  flo\v«  int^j  the  inner  barrel.^  The  sand,  gravely 
or  other  material  ought  tct  be  fnx^ncntly  turned 
out,  cleaned,  or  changed.  Other  simple  plans  are 
given  in  the  drawings^  which  need  litth'  descrip- 
tion. Figs.  5  ami  6  sfHiak  for  th^rasehes.  Fig.  7 
sh(>w8  Cre^ise's  tield-filter  in  use  as  a  Irand-filter. 
It  actsi  witli  great  rapitlity,  and  gives  good  results,^ 
Bearing  in  niiiid  the  resnlts  of  mere  agitation 
with  rongb  particles  of  sjind,  scrap  iron,  ifec*,  some 
such  plan  might  be  advanUigeously  improvised  in 
the  held.  A  liarrel  fixed  oh  a  winch  might  be  used 
f«jr  the  i*iirpose,  simiikting  the  apiMiralus  described 
liy  ^Ir  W*  Anderson  as  used  at  the  Antwerp  water- 
wt»rks,^ 

In  the  field  the  medical  officer  may  be  sent  on  to  give  a  report  of  the 
quantity  and  quality  of  any  source.     Before  the  troops  arrive  lie  should 


Fig.  7. 


*  Iti  tbo  Zaiii  cjiiiipriigii  Surgeon -0<?tier)d  Woolfryes  states  tbat  "  to  the  l^m  bR«e  hot^pitalet, 
inch  &!^  Fort  Pearson  and  Utrecht.  Iftrge  single  or  double  hftirel  {ctmrcoiu)  flltera  iimde  ill 
Pieteniiaritzburp  wert*  furnished.  For  tl^  troops  barrel  (sand)  I'dtjurs,  made  on  the  apot  by 
the  Eioynl  En^ini5ers,  were  provided. "--yf, -A/. /J.  Rtfports,  vol,  xx\.  p.  287. 

*  In  thu  Zulu  campaigu  of  1S7J*  Surgeon -General  Woolfr>'es  reports  that  '*  Oeas6*8  filters 
were  used  in  iht  larger  Held  hospitals^  hut  wi<rc  fonnd  unsuitaide  for  fiehl  Aerviott^  as  they 
would  not  stand  the  rough  iLsa^e  inridyutal  to  the  niftrch.** — A.M.D.  Rrpoi-iA^  vol.  X3d»  p.  ^87. 
In  the  Aftbanti  canipai^.  under  the  directions  of  Suiireon- Major  V.  Goultlsbiirj',  C.M.G.,  tbo 
water  was  puritieHl  iu  the  following  way,  m  the  ab^euce  of  proiwr  fllterM  :™Alum  wan  added 
to  predpitate  f!US|M?nded  matter ;  tlie  water  was  jiassed  througb  a  rough  filter,  consisting  of 
(I)  s|)on|;e^  (*2)  sand,  (3}  charcoal  in  pieces  ;  it  wa.%  th«iD  boiled,  and  a  few  drops  of  sohitton  of 
potassium  tx^rinAtLgaxiat«  addfid.  Water,  even  tjikcn  froM  a  hole  iu  a  inaritb,  was  iimocuoua 
aller  this  treatment. 

»  Jtmmal  qiTthe  Socieijf  qfArU,  Not.  26,  1886,  pp.  29  ei  teq. 
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make  his  arrangements  for  the  different  places  of  supply ;  men  and  cattle 
should  be  watered  at  different  points ;  places  should  be  assigned  for  wash- 
ing ;  and  if  removal  of  excreta  by  water  be  attempted,  the  excreta  should 
flow  in  far  below  any  possible  spring ;  in  the  case  of  a  spring  several  reser- 
voirs of  wood  should  be  made,  and  the  water  allowed  to  flow  from  one  to 
another — the  highest  for  men,  the  second  for  cattle.  If  it  is  a  running 
stream,  localities  should  be  fixed  for  the  special  purpose ;  that  for  the  men's 
drinking  water  should  be  highest  up  the  stream,  for  animals  below,  wash- 
ing lowest ;  sentries  should  be  placed  as  soon  as  possible.  The  distribution 
of  water  should  be  regulated ;  streams  are  soon  stirred  up,  made  turbid,  and 
the  water  becomes  undrinkable  for  want,  perhaps,  of  simple  management. 
There  is  great  economy  of  time  in  watering  animals,  and  this  is  effected  with 
much  less  confusion  and  disturbance  of  the  stream  or  spring,  if  the  water  be 
received  into  troughs. 

Wherever  practicable  the  reservoirs  or  cisterns  which  are  made  should 
be  covered  in ;  even  if  it  is  merely  the  most  flimsy  covering,  it  is  better 
than  nothing. 

In  sieges  the  same  general  rules  must  be  attended  to.  The  distribution 
of  the  water  should  be  under  the  care  of  a  vigilant  medical  officer. 
Advantage  should  be  taken  of  every  rainfall;  fresh  wells  should  be  dug 
early;  if  necessary,  distillation  of  brackish  or  sea- water  must  be  had 
recourse  to. 


CHAPTER  III. 
REMOVAL   OF   EXCRETA. 

It  is  highly  probable  that  to  barbarous  and  inefficient  modes  of  removing 
the  excreta  of  men  and  of  animals  we  must  partly  trace  the  great  prevalence 
of  disease  in  the  Middle  Ages,  and  there  is  no  doubt  that  many  of  the 
diseases  now  prevailing  in  our  large  towns  are  owing  to  the  same  cause. 

When  men  live  in  thinly-populated  coimtries,  following,  as  they  will 
then  do,  an  agricultural  or  nomad  life,  they  will  not  experience  the  con- 
sequences of  insufficient  removal  of  excreta.  The  sewage  matter  returns  at 
once  to  that  great  deodoriser,  the  soil,  and,  fertilising  it,  becomes  a  benefit 
to  man,  and  not  a  danger.  It  is  only  when  men  collect  in  communities 
that  the  disposal  of  excreta  becomes  a  matter  literally  of  life  and  death, 
and  l)efore  it  can  be  settled  the  utmost  skill  and  energy  of  a  people  may  be 
taxed. 

The  question  of  the  proper  mode  of  disposal  of  sewage  has  been  some- 
what perplexed  by  not  keeping  apart  two  separate  considerations.  The 
object  of  the  physician  is  to  remove  as  rapidly  as  possible  all  excreta  from 
dwellings,  so  that  neither  air,  water,  nor  soil  shall  be  made  impure.  The 
agriculturist  wishes  to  obtain  from  the  sewage  its  fertilising  powers.  It  is 
not  easy  to  satisfy  both  parties,  but  it  will  probably  be  conceded  that 
safety  is  the  first  thing  to  be  sought,  and  that  profit  must  come  after- 
words. 

SECTION  I. 

AMOUNT  AND  PRODUCTS  OF  THE  SOLID  AND  LIQUID  EXCRETA. 

Amount  of  the  Solid  and  Liquid  Excreta, 

The  amount  of  the  bowel  and  kidney  excreta  varies  in  different  persons 
and  with  different  modes  of  life.  On  an  average,  in  Europe,  the  daily  solid 
excretii  are  about  4  ounces  by  weight,  and  the  daily  liquid  excreta  50  ounces 
by  measure  for  each  male  adult.  Women  and  children  pass  rather  le«s, 
Vegetiil^le  pass  more  solid  excreta  than  animal  feeders,  but  this  is  chiefly 
owing  to  a  large  proportion  of  water. ^  Taking  all  ages  and  both  sexes  into 
consideration,  we  may  estimate  the  daily  amount  per  hend  of  population  in 
Europe  at  2i  ounces  of  faecal  and  40  ounces  of  urinary  discharge.  A 
lx)pulation  of  1000  i)eraons  would  thus  pass  daily  156  tt)  of  solids  and  250 
gallons  of  urine,  or  in  a  year  25  tons  of  faBces  and  91,250  gallons  (14,647 
cubic  feet)  of  urine.  This  gives  6*25  tons  of  water-free  solids  for  the  fseces 
and  16*7  from  the  urine,  total  23  tons  in  round  numbers,  per  annum. 
Letheby  gives  the  mean  daily  amount  per  head  as  2*784  ounces  of  faeces 
and  31*851  ounces  of  urine. 

1  Mr  Fawcus's  experiments  on  Bengalee  prisoners  ^ve  an  average  bowel  excretion  of  12 
>imces,  and  in  Bombay  Dr  Hewlett  found  the  alvine  discharges  to  be  quite  as  large. 
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Frankland  estimates  the  mean  daily  amount  per  head  as  3  ounces  of 
fseces  and  nearly  40  ounces  by  measure  of  urine.  In  adult  males  the 
quantity  of  nitrogen  daily  discharged  by  the  bowels  and  kidneys  amounts 
to  from  250  to  306  grains,  representing  304  and  372  grains  of  ammonia. 
Taking  the  whole  population,  however,  the  amount  must  be  considerably 
less  than  this.  Dr  Parkes  calculated  it  as  153  grains  of  nitrogen,  and 
Letheby  gave  it  as  155*8  grains,  or  from  186  to  189  grains  of  anunonia,  t,e., 
the  mean  excretion  of  all  the  population  is  more  than  half  the  excretion  of 
the  adult  male. 

Decomposition  of  Sewcige  Matter, 

Fresh  healthy  faecal  matter  from  persons  on  mixed  diet,  unmixed  with 
urine,  has  an  acid  reaction,  and  this  it  retains  for  a  considerable  time ;  it 
then  becomes  alkaline  from  ammonia.  If  free  from  urine  it  usually  decom- 
poses slowly,  and  in  hot  weather  often  dries  on  the  surface  and  subsequently 
changes  but  little  for  some  time.  The  urine,  when  immixed  "with  faecal 
matter,  also  retains  its  natural  acidity  for  a  variable  number  of  days, — 
sometimes  three  or  four,  sometimes  eight  or  ten,  or  even  longer,  and  then 
becomes  alkaline  from  ureal  decomposition.  When  the  faeces  and  urine 
are  mixed,  the  formation  of  ammonium  carbonate  from  ureal  decomposi- 
tion is  much  more  rapid ;  the  solid  excreta  seem  to  have  the  same  sort  of 
action  as  the  bladder  mucus,  and  the  mixed  excreta  become  alkaline  in 
twenty-four  hours,  while  the  separate  excreta  are  still  acid.  And  in  its 
turn  the  presence  of  the  urine  seems  to  aid  the  decomposition  of  the  solid 
matter,  or  this  may  be  perhaps  from  the  eflfect  of  the  liquid,  as  pure  water 
seems  to  act  almost  as  rapidly  as  urine  in  this  respect.  Pappenheim^ 
states  that  the  absorption  of  oxygen  by  the  faeces  is  greatly  increased  when 
urine  is  added.  When  the  solid  excreta  and  urine  are  left  for  two  or  three 
weeks,  the  mixture  becomes  usually  extremely  viscid,  and  this  occurs, 
though  to  a  less  extent,  when  an  equal  quantity  of  pure  water  takes  the 
place  of  urine.     The  viscidity  is  prevented  by  carbolic  acid. 

When  the  solid  excreta  (unmixed  with  urine)  begin  to  decompose,  they 
give  out  very  foetid  substances,  which  are  no  doubt  organic;  hydrogen 
sulphide  is  seldom  detected,  at  any  rate  by  the  common  plan  of  suspending 
paper  soaked  in  lead  solution  above  the  decomposing  mass.  When  heated, 
a  large  quantity  of  gas  is  disengaged,  which  is  iidlammable,  and  consists 
in  great  measure  of  carburetted  hydrogen.  When  (instead  of  being  dry) 
urine  is  present,  ammonia  and  foetid  organic  matters  are  disengaged  in 
large  quantity.  When  water  is  also  present,  and  if  the  temperature  of  the 
air  is  not  too  low,  not  only  organic  matters  but  gases  are  given  out,  consist- 
ing of  light  carburetted  hydrogen,  nitrogen,  and  carbon  dioxide.  Hydrogen 
sulphide  can  be  also  disengaged  by  heat,  and  is  almost  always  found  in  the 
liquid,  usually  in  combination  with  ammonia,  from  which  it  is  sometimes 
liberated  and  then  passes  into  the  air. 

1  Homdb,  der  San.  Pol.,  2nd  edit,  Band  i.  p.  72. 
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SECTION  II. 
METHODS  OF  REMOVAL  OF  EXCRETA. 

While  all  will  agree  in  the  necessity  of  the  immediate  removal  of  excreta 
from  dwellings,  the  best  modes  of  doing  so  are  by  no  means  settled.  The 
fact  is  that  several  methods  of  removing  sewage  are  applicable  in  different 
circumstances,  and  their  relative  amounts  of  utility  depend  entirely  on  the 
condition  of  the  particular  place. 

The  different  plans  may  be  conveniently  divided  into  ^ — 

1.  The  water  method. 

2.  The  dry  methods. 

Before  noticing  these  plans,  it  will  be  convenient  to  make  a  few  general 
observations  on  sewers. 


Sewers  are  conduits  employed  to  remove  waste  water  and  waste  products 
suspended  in  water  from  houses,  or  to  carry  away  rain.  Among  the  waste 
products  may  be  the  solid  and  liquid  excreta  of  men  and  animals,  or  the 
refuse  of  trade  and  factory  operations.  Or  sewers  may  be  used  merely  for 
the  conveyance  of  dirty  house-water,  without  the  admixture  of  excreta  or 
trade  refuse. 

It  is  quite  impossible  that  any  town  or  even  any  single  large  house  can 
be  properly  freed  of  its  waste  house-water  without  sewers,  and  in  more  or 
less  perfect  condition  they  are  to  be  found  not  only  in  all  modern  but  in 
most  ancient  cities.  Originally,  no  doubt,  they  were  mere  surface  channels, 
as  they  are  still  in  many  to>vns ;  but  for  the  sake  of  appearance  and  inoffen- 
siveness,  the  custom  must  have  soon  arisen  of  placing  them  underground, 
nor  in  modern  towns  could  they  now  be  arranged  otherwise.  In  some  largo 
towns  there  are  even  hundreds  of  miles  of  sewers  constructed  often  with 
great  skill  and  science,  and  they  serve  in  some  instances  as  the  channels 
not  only  for  rain,  but  for  natural  streams  which  have  been  enclosed. 

The  sewers  form  thus  in  the  subsoil  of  towns  a  vast  network  of  tubes, 
connecting  every  house,  and  converging  to  a  common  outlet  where  their 
contents  may  be  discharged. 

In  some  towns  the  sewers  carry  away  none  of  the  solid  excreta,  though 
probably  urine  enters  in  all  cases.  In  most  towns,  however,  solid  excreta 
in  greater  or  less  quantity  enter,  owing  especially  to  the  prevalent  use  of 
water-closets,  or  to  the  drainage  of  middens  and  manure  heaps. 

Whether  the  solid  excreta  pass  in  or  not,  the  liquid  in  the  sewers  must 
always  contain  either  suspended  or  dissolved  animal  and  vegetable  matters 
derived  from  the  refuse  of  houses.  It  is  generally  warmer  than  the  water 
of  streams,  and  is  of  no  constant  composition :  sometimes  it  is  very  turbid 

1  Dr  Corfield's  work  {Treatment  and  Utilisation  of  Sewage^  by  W.  H.  Corfield  and  L.  C. 
Parkes,  3nl  edit.,  1887)  will  be  found  to  give  a  good  summary  on  this  subject.  See  also 
Report  of  a  Committee  appointed  by  the  President  of  the  Local  Oovemynent  Board  to  inquirt 
into  the  several  modes  of  treating  Toum  Sewage^  London,  Eyre  and  Spottiswoode,  1876  ;  see 
also  "  Die  Menschliche  Abfallstoffe,"  von  I)r  FenL  Fischer,  Supplement  zur  DeuUchen 
Viertelj.f  Offi.  Oesundh.^  1882  ;  Report  of  the  Royal  Commission  on  Metropolitan  Sewage 
"^tcharge,  1884.    See  also  Sewage  Disposal  Works,  by  W.  Santo  Crimp,  C.E,,  189a 
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and  highly  impure ;  in  other  cases  it  is  hardly  more  impure  than  the  water 
of  surface  wells.  The  suspended  matters  are,  however,  generally  in  larger 
proportion  than  the  dissolved. 

In  some  cases  the  sewer  water  is  in  greater  amount  than  the  water 
supplied  to  the  town  and  the  rainfall  together.  This  arises  from  the  subsoil 
water  finding  its  way  into  the  sewers. 

One  ton  of  London  or  Rugby  sewage  contains  only  from  2  ft>  to  3  ft>  of 
solid  matter  (Lawes).^  One  ton  of  Southampton  sewage  contains  about  2  lb 
dissolved  and  1^  fi>  to  1^  fi>  suspended  matter. 

The  average  composition  of  sewer  water  in  towns  with  water-closets  is : 
organic  matter,  39*6;  nitrogen,  8*87;  phosphoric  acid,  2*24;  potash,  2*9 
parts  per  100,000.2 

The  Rivers  Pollution  Commissioners  give  7 '728  parts  per  100,000  of  total 
combined  nitrogen,  6*703  of  ammonia,  and  10*66  of  chlorine.^ 

Under  the  microscope,  sewer  water  contains  various  dead  decaying 
matters,  and,  in  addition,  multitudes  of  Bacteria  and  amoebiform  bodies,  as 
well  as  some  ciliated  infusoria,  especially  Paramecia,  Fungi  (spores  and 
mycelium)  are  seen,  but  there  are  few  Diatoms  or  Desmids,  and  not  many 
of  the  higher  animals,  such  as  Botifera. 

A  controversy  is  still  going  on  whether  the  solid  excreta  ought  to  be 
admitted  into  the  sewers.  The  point  is  virtually  practically  decided  in 
many  towns  in  this  coimtry  by  the  general  use  of  water-closets,  which  can- 
not now  in  these  towns  be  superseded  by  any  plan  yet  proposed.  It  is, 
however,  quite  an  open  question  whether,  if  all  the  arrangements  could  be 
commenced  de  novo,  the  admission  of  the  solid  excreta  would  be  proper. 

The  arguments  for  and  against  this  view  will  presently  be  stated. 

Whether  the  solid  excreta  are  allowed  to  pass  in  or  not,  it  is  clear  that 
the  dirty  water  of  the  sewers  must  in  some  way  be  disposed  of.  It  is  in 
every  case  more  or  less  impure,  containing  animal  and  vegetable  substances 
in  a  state  of  commencing  decay,  which  passes  readily  into  putrefaction. 
The  readiest  mode  of  getting  rid  of  it  is  to  pass  it  into  streams,  where  it  is 
at  once  subjected  to  the  influence  of  a  large  body  of  water,  and  where  the 
solid  matters  become  either  slowly  oxidised,  or  form  food  for  fishes  or  water 
plants,  or  subside.  Although  from  an  early  period  streams  were  thus  con- 
taminated and  their  water,  originally  pure,  was  thus  rendered  unfit  for  use, 
it  is  only  lately  that  a  strong  opposition  has  arisen  to  the  discharge  into 
streams.  This  is  owing  partly  to  the  greater  pollution  and  nuisance  caused 
by  the  more  common  use  of  water-closets  and  the  largely  increasing  trade 
of  the  country,  which  causes  more  refuse  to  be  sent  in,  and  partly  to  the 
evidence  which  has  been  brought  forward  of  the  diseases  which  are  caused 
by  drinking  water  made  impure  in  this  way.  To  prevent  the  nuisance  and 
danger  caused  by  the  pollution  of  streams,  many  actions  at  law  have  been 
brought,  and  in  some  cases  special  Acts  of  Parliament  have  forbidden  the 
discharge  of  sewer  water  into  certain  rivers  until  after  eflBcient  purification. 
The  Rivers  Pollution  Act  of  1876  now  deals  with  the  question,  its  provisions 
having  come  into  operation  on  the  15th  August  1877.  Unfortunately,  from 
various  causes,  it  has  been  largely  inoperative,  and  must  ere  long  be 
reconsidered. 

1  For  the  composition  of  sewer  water,  see  Way,  Second  Report  of  Comm.  on  Sewage  of  Toions, 
1861,  p.  69  et  8eq.;  Lethebv,  The  Sewage  Question,  1872,  p.  135  ;  Report  on  Toum  Sewaqe, 
1876 ;  Rivera  PoUtUion  Commissioners  Report;  Report  of  Roy.  Comm.  Metr.  Sew.  Visch., 

«  Letheby,  op.  ctt,  p.  138. 

»  First  Report  Riv,  Foil.  Comm.,  vol  I  p.  29. 
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Up  to  a  certain  point  there  would  probably  be  a  general  agreement  as  to 
the  principle  on  which  this  difficult  question  should  be  dealt  with.  Animal 
substances  in  a  state  of  decay  can  be  best  prevented  from  contaminating  the 
air,  the  soil,  or  the  water  of  streams  by  imitating  the  operations  of  nature. 
In  the  endless  cycle  of  physical  change,  decaying  animal  matters  are  the 
natural  food  of  plants,  and  plants  again  form  the  food  of  animals. 

It  so  happens  that,  with  the  exception  of  some  mineral  trades,  the  waste 
products  of  which  are  hurtful  to  agriculture,  many  of  the  substances  con- 
tained in  the  sewage  of  our  towns  are  adapted  for  the  food  of  plants,  and 
we  seem  on  sure  ground  when  we  decide  that  it  must  be  correct  to  submit 
these  matters  to  the  action  of  plant  life,  and  thus  to  convert  them  from 
dangerous  impurities  into  wholesome  food. 

The  difficidty  is,  however,  with  the  application  of  the  principle,  and  at 
the  present  moment  there  is  the  utmost  diversity  of  opinion  on  this  point. 
It  seems,  however,  that  we  may  divide  the  opinions  into  two  classes. 
According  to  one  opinion,  the  proper  mode  is  to  bring  the  waste  water  of 
towns,  when  it  contains  fertilising  matters,  at  once  to  the  ground,  and, 
after  the  arrest  of  substances  which  may  block  the  pipes,  to  pour  it  over 
the  land  in  such  a  way  as  may  be  best  adapted  to  free  it  from  its  impurities 
and  to  bring  it  most  rapidly  and  efficiently  under  the  influence  of  growing 
plants. 

The  other  opinion  objects  to  this  course  on  two  grounds, — first,  that  the 
substances  are  not  brought  to  the  ground  in  the  most  convenient  form  for 
agriculture,  and  also  that  the  plan  entails  evils  of  its  own,  arising  from  the 
immense  quantity  of  water  brought  upon  the  land  and  from  the  difficulty 
of  efficient  management.  The  advocates  of  this  second  view  would,  there- 
fore, use  some  plan  of  separating  the  impurities  of  the  water,  and  would 
then  apply  them  in  a  solid  form  to  the  land,  or  use  them  for  some  other 
purpose,  as  in  General  Scott's  plan  of  adding  the  materials  for  cement  and 
then  making  this  substance.  The  purified  water  would  then  be  filtered 
through  land,  or  passed  into  streams,  without  further  treatment. 

In  the  case  of  the  sewage  containing  materials  not  adapted  for  agriculture, 
both  parties  would  deal  with  it  in  the  same  way,  viz.,  purify  it  by  chemical 
agencies  or  filtration,  and  then  allow  the  water  to  flow  off  into  streams,  while 
the  solid  products  would  be  disposed  of  in  the  most  convenient  way. 

These  general  views  apply  to  any  sewer  water,  whether  it  contains  solid 
excreta  or  not,  although  if  these  excreta  can  be  perfectly  excluded  the  sewer 
water  is  less  ofiensive,  though  not  much  so,  when  the  volume  of  water  is 
large.  It  has  hitherto  been  often  poured  into  streams  without  previous 
purification,  though  now  this  practice  is  prohibited  by  law,  with  certain 
reservations. 

The  sewers  of  a  town  are  for  the  most  part  used  also  to  carry  off  the 
rainfall,  and,  indeed,  before  the  introduction  of  water-closets  they  were  used 
only  for  this  purpose,  and  for  taking  away  the  slop  and  sink  water  of  houses. 
In  countries  with  heavy  rainfall,  and  in  this  country  in  certain  cases,  the 
rainfall  channels  are  distinct  from  the  sewers,  and  the  outfalls  may  be  in  an 
entirely  different  direction.     This  is  sometimes  called  the  "  separate  system." 


Removal  op  Excreta  by  Water. 

This  is  the  cleanest,  the  readiest,  the  quickest,  and  in  many  cases  the 
least  expensive  method.  The  water  supplied  for  domestic  purposes,  which 
has  possibly  been  raised  to  some  height  by  steam  or  horse  power,  gives  at 
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once  a  motive  force  at  the  cheapest  rate ;  while,  as  channels  must  necessarily 
be  made  for  the  conveyance  away  of  the  waste  and  dirty  water  which  has 
been  used  for  domestic  purposes,  they  can  be  used  with  a  little  alteration  for 
excreta  also.  It  would  be  a  waste  of  economy  to  allow  this  water  to  pass 
off  without  applying  the  force  which  has  been  accumulated  in  it  for  another 
purpose. 

But  if  this  is  obvious,  it  is  no  less  so  that  certain  conditions  of  success 
must  be  present,  without  which  this  plan,  so  good  in  principle,  may  utterly 
faiL  These  conditions  are,  that  there  shall  be  a  good  supply  of  water,  good 
sewers,  ventilation,  a  proper  outfall,  and  means  of  disposing  of  the  sewage. 
If  these  conditions  cannot  be  united,  we  ought  not  to  disguise  the  fact  that 
sewers,  improperly  arranged,  may  give  rise  to  no  inconsiderable  dangers. 
They  are  imderground  tubes,  connecting  houses,  and  allowing  possibly,  not 
merely  accumulation  of  excreta,  but  a  ready  transference  of  gases  and 
organic  molecules  from  house  to  house,  and  occasionally  also  causing,  by 
bursting,  contamination  of  the  groimd,  and  poisoning  of  the  water  supply. 
And  all  these  dangers  are  the  greater  from  being  concealed.  It  is  probably 
correct)  as  has  been  pointed  out,  that  in  deep-laid  sewers  the  pressure 
inwards  of  the  water  of  the  surrounding  soil  is  so  great  as  frequently  to 
cause  an  overflow  into  the  sewer,  and  -so  prevent  the  exit  of  the  contents ; 
but,  in  other  cases,  the  damage  to  the  sewer  may  be  too  great  to  be  neutral- 
ised in  this  way,  and,  in  the  instance  of  superficially  laid  and  choked-up 
pipes,  the  pressure  outwards  of  the  contents  must  be  considerable.  The 
dsuigers  of  sewers  have  now  been  greatly  reduced,  by  having  good  material, 
better  construction,  good  ventilation,  sufficient  water  supply,  and  means  of 
disposal  of  the  sewage. 

Amount  of  Water  for  Sewers  intended  for  Excreta, 

Engineers  are  by  no  means  agreed  on  the  necessary  amount.  We  have 
already  named  25  gallons  per  head  per  diem,  on  the  authority  of  Mr 
Brunei,  as  the  amount  required  to  keep  common  sewers  clear,  and  even 
with  tiiis  amoimt  there  should  be  some  additional  quantity  for  flushing. 
But  in  some  cases  a  good  fall  and  well-laid  sewers  may  require  less,  and  in 
other  cases  bad  gradients  or  curves  or  workmanship  may  require  more.  It 
L3  a  question  whether  rain-water  should  be  allowed  to  pass  into  sewers ;  it 
washes  the  sewers  thoroughly  sometimes,  but  it  also  carries  debris  and 
gravel  from  the  roads,  which  may  clog ;  while  in  other  cases  storm  waters 
may  burst  the  sewers,  or  force  back  the  sewage.  To  obviate  this,  storm 
overflows  have  to  be  provided ;  of  these  there  are  about  fifty  within  the 
metropolitan  area,  to  relieve  the  low-level  sewers  on  both  sides  of  the 
Thames.^ 

Construction  of  Sewers, 

Sewers  are  differently  constructed  according  to  the  purposes  they  are  to 
serve,  i.e.y  whether  simply  to  carry  off  house  and  trade  water,  or  the  solid 
excreta  in  addition,  or  one  or  both,  with  the  rainfall. 

In  following  out  the  subject,  it  will  be  convenient  to  trace  the  sewers 
from  the  houses  to  the  outiall,  after  first  considering  the  construction  of 
water-closets. 

1  Beport  en  Metr.  Sewage  Dixharge,  1884.  For  description  of  stonn  overflows,  see  Bailey 
Denton,  cp.  ciLt  sections  Ixii  and  Ixzxv. 
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Water-Closets  and  Water-Trouf^h, 

Water-ClosfU.—Hhf}  old  pan  closet  is  now,  happily^  hcing  aliandouerl, 
although  still  to  b€  found  in  many  dwellings  and  puljlic  buildings.  It 
coiisifltfl  of  a  conical  pan  surrounded  by  a  container^  and  having  at  the 
bottom  a  small  movable  pan,  usually  of  tinned  copper,  U^  receive  the 
excreta  ;  this  holds  a  cerhiin  amount  of  waUn*,  and  is  intended  to  act  as  a 
water  seal  or  trap.  Frequently,  from  failure  of  water,  defective  apparatus, 
or  from  the  copper  bchig  eaten  through  by  oxidation  (not  uncommon  when 
there  are  nitrates  io  the  water  supply),  the  pan  is  empty^  so  that  free 
passage  is  given  t<j  noxious  gases.  Add  to  tluB  that  the  container  is 
always  more  nr  less  filthy,  and  that  the  soil  pipe  from  it  usually  terminates 
in  a  D  traji,  and  ive  have  one  c*f  the  wox^t  cnmbinations  from  a  sanitary 
j>t>int  of  view.     All  such  closets  ought  to  he  definitely  abolished. 

In  modern  improved  forms  the  pan  of  the  closet  is  usually  a  cone  in 
cartlienware  (wliic!i  is  better  than  metal),  with  a  siphon  or  iiat  valve 
tielow.  In  addition,  there  are  numerous  contrivances  for  fiushing  the  pan 
and  siphon,  and  for  preventing  thfs  escajM?  of  the  air  from  the  soil  pipe 
into  the  house.  1  The  soil  pipe  should  preferably  be  of  drawn  lead,  of 
7  lbs.  to  the  square  foot :  iron  may  lie  used  outside,  or  earthenware,  if 
strong  and  well  joined. 

The  points  to  l»e  looked  to  in  examining  closets  are — l*f|  that  the  amount 
und  force  of  wat^r  is  sufficient  to  sweep  everything  out  of  the  siphon  ;  2nd^ 
that  the  soil  jiii)e  is  ventilated  beyond  the  siphon  by  l>eing  carried  up  ftill- 
Injre  to  the  top  of  tlie  house  ;  3rd,  that  the  junctions  of  siphon  and  soil  pipe 
and  nf  the  lengths  of  the  soil  pipe  are  perfect. 

With  respect  U*  water,  a  pipe  from  the  houi5e  cistern  frequently  leads  to 
the  closet ;  liut  if  so,  there  is  danger  of  gas  rising  thi'ough  the  pijm.  There 
should  l>e  a  special  small  cistern  for  the  use  of  the  closet.     What  are 


Fii?.  9. 


termed  water- waste  preventers  ai'o  now  commonly  used,  fed  either  by  a 
cisteru  or  by  constaiit  su]>ply.  They  are  boxes  which  are  emptied  by  a 
valve  into  the  pan,  and  are  then  refilled.  There  are  many  kinds,  but  the 
best  are  those  that  work  by  siphon  action,  brought  into  play  by  pulling  a 
wire.     The  amount  of  water  should  not  l>e  less  than  two  gallons,  and  the 


1  Mr  £iL5»ie'6  work,  IJeallhy  J/ouset,  gives  &  good  account  of  the  various  kinds  of  doMtfl ; 
ItM  ft]M>  hh  artick  in  Our  UmneA, 
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fall  should  not  be  less  than  3  or  4  f eet>  so  as  to  insure  thorough  scouring  of 
the  soil  pipe.^ 

The  ventilation  of  the  soil  pipe  is  a  matter  of  importance,  as  the  water 
from  the  pan  suddenly  displaces  a  large  body  of  foul  air,  which  rises 
through  the  siphon  as  the  water  flows.  The  best  plan  is  to  carry  up  the 
soil  pipe  full-bore  to  the  roof,  far  from  any  windows  or  chimneys,  and  from 
3  to  4  feet  above  the  eaves.  It  is  well  also  to  have  a  second  pipe  from  the 
crown  of  the  siphon  to  the  ventilating  pipe,  in  order  to  prevent  the  un- 
siphoning  of  the  trap  (see  fig.  16).  ^r  is  supplied  by  a  grating  below,  as 
in  Buchan's  and  other  disconnecting  traps. 

The  short  hopper  closet,  or  some  form  of  "wash-out"  closet,  with  a 
siphon  trap  below,  is  the  safest ;  but  there  are  some  good  forms  of  valve 
closet  in  the  market  They  are,  however,  too  frequently  made  with  over- 
flow pipes  passing  into  the  soil  pipe.  These,  although  siphon-trapped,  are 
apt  to  be  sucked  dry.  They  are  thus  dangerous,  and  they  are  really 
unnecessary,  for  a  well-made  siphon  pan  rarely  overflows.  If  it  does,  it  is 
better  to  receive  the  overflow  on  to  a  safe  under  the  closet,  from  which  the 
water  flows  out  through  a  pipe  to  the  open  air,  such  pipe  acting  as  a  warn- 
ing pipe.  The  "  Unitas  "  closet  (see  figs.  8  and  9),  appears  to  answer  the  above 
requirements  in  all  respects.  There  are  no  wood  fittings,  and  everything  in 
connection  with  the  closet  can  be  kept  clean :  the  flushing  also  is  well  carried 
out.  These  closets  have  lately  been  introduced  into  the  Royal  Victoria 
Hospital,  Netley,  and,  so  far,  have  been  foimd  to  answer  well. 

The  position  of  the  closet  is  a  matter  of  great  moment.  If  possible,  it 
should  always  be  in  an  outbuilding,  or  a  projection,  with  thorough  venti- 
lation between  it  and  the  house.  In  two-storied  buildings  it  might  be  put 
in  a  small  third  storey  in  the  roof,  and  well  ventilated  above.  The  windows 
in  a  closet  ought  always  to  open  quite  to  the  ceiling. 

The  plan  of  placing  closets  in  the  basement  should  be  entirely  given  up ; 
closet  air  is  certain  to  be  dra^vn  into  the  house. 

It  is  a  bad  plan  to  have  the  pull-up  handle  covered  by  the  lid ;  ^  it  should 
be  able  to  be  pulled  up  when  the  lid  is  shut,  or  the  shutting  of  the  lid 
should  open  the  water- waste  preventer  cistern.  In  wash-out  closets  the  flush 
is  generally  obtained  by  pulling  a  wire  like  a  bell-pull,  as  previously  men- 
tioned. 

Water-Troughs  or  Latrines. — These  are  very  strong  earthenware  or  cast- 
iron  elongated  receptacles,  which  are  about  half  full  of  water.  The  excreta 
drop  into  the  water,  and  once  or  twice  a  day  a  valve  is  raised,  and  the  water 
and  excreta  pass  into  a  drain.  There  is  usually  a  catch-pit  into  which  fall 
bits  of  bricks,  towels,  or  other  things  which  are  thrown  in,  so  that  they  are 
stopped  and  fished  out  when  the  trough  is  emptied,  and  do  not  pass  into  the 
drain.  The  amount  of  water  in  the  water-latrines  used  in  some  barracks  is 
about  5  gallons  per  head  daily,  so  that  the  plan  is  not  economical  of  water, 
but,  as  it  avoids  all  loss  by  the  dripping  in  closets,  there  is  probably  no  great 
excess  of  expenditure.  It  is  a  good  plan  to  have  a  flexible  hose  attached  to 
the  water-pipe  so  as  to  wash  thoroughly  the  seats  and  partitions  every  day. 

The  chief  objection  to  this  plan  has  been  the  labour  which  is  necessary 

1  The  Arniy  Sanitary  Committee  {On  Sanitary  Appliances ,  Blue  Book,  1871,  p.  17)  state 
that  the  amount  of  water  used  in  the  water-closets  in  the  armv  is,  for  Green's  closet,  between 
J  gallon  and  1  gallon  for  each  time  of  use  ;  Underhay's,  lAmbert's,  and  the  pan-closet,  from 
1  to  U  gallon  ;  and  for  Jennings'  closet,  usually  the  same,  or  in  some  stations  3  gallons.  The 
quantity  ought  not  to  be  less  than  2  gallons  under  any  circumstances. 

*  In  Dr  Aldridge's  patent  the  handle  cannot  be  pulled  up  until  the  lid  is  shut  down  ;  there 
is  also  arrangement  for  carrying  oflF  foul  gas  by  means  of  a  pipe  communicating  with  the  outer 
air,  the  lid  itself  being  air-tight  round  the  rim  of  the  seat 
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t<>  empty  the  trough  ;  l:mt  this  may  be  obviat^t!  by  the  use  of  automatic 
flush  tanks,  discharging  periodicany.  On  the  other  hand,  there  is  saving  of 
expenditure  in  repair  to  water-closets.^ 

House  Pipet  and  Drains. 

It  will  be  convenient  to  call  the  conduits  inside  the  hoiwe,  which  run 
from  sinks  and  closets,  **  house  pipes,"  and  to  give  the  term  *'  drain  pipes  ^ 
to  tlie  conduits  which  receive  the  house  pipes,  and  carry  the  house  water 
into  tanks  or  main  sewers,^  The  house  pipes  may  be  divided  into  sink  and 
water-closet  or  soil  pities  ;  they  are  made  of  metaJ  (lead,  iron,  or  zinc,  or  two 
of  these)  or  of  earthenware.  The  drain  pij>e9  are  usually  made  of  well- 
bum  t,  hard,  smocfth  glazed  earthenware.^  All  bricks,  porous  ear  then  ware, 
or  substances  of  the  land  should  be  considered  inadmissible  for  drain  pii>ei». 
Iron  pij»es  are  not  much  used  in  this  crmntry,  but  are  common  and  in  some 
places  compulsory  in  America,  when  pipes  have  to  be  carried  mider  houses. 
When  made  <jf  heavy  cast  iron,  jointed  and  well  cjiuiked  witli  lead  or 
Spence*s  metal,  they  arc  the  l>est  in  many  circumstances.  Inside  they  may 
be  enamelled,  ur  coated  with  Dr  Angus  Smith's  compositioUj  or  treated  by 
Barfi^s  process.  The  pipes  and  drains  vary  in  size  from  i  to  IG  inches 
diameter,*  but  the  ueiial  size  of  stone WEire  pipes  is  4  to  9  inches ;  they  are 
round  or  oval  in  shape.^ 

Conn^um  of  House  Pipes  with  the  Drains, — It  is  c^UBtomary  to  commence 
the  drains  at  the  basement  of  the  house,  and  the  sink  and  closet  pii>es  pass 
down  inside  the  honse  and  join  on,  a  water-trap  being  placed  at  the  junction.* 
As  the  {ispiratory  power  of  the  warm  house  is  then  constantly  tending  to 
draw  air  through  the  water- trap,  and  as  the  trap  is  Mable  to  get  out  of  onier, 
it  is  most  desirable  to  alter  tliis  plan.  The  drains  should  end  outside  the 
house,  and  as  far  as  possible  every  house  pipe  should  pass  outside  and  not 
inside  or  hetwecii  walls  to  meet  the  drain.  The  object  of  this  is  that  any 
impi?rfection  in  the  pipe  should  not  allow  the  pipe  air  to  pass  into  the 
house.     At  the  junction  of  the  house  pipe  and  drain  there  should  not  only 


1  In  the  army  two  kinds  of  lAtriiiea(MacfarlaiiB's  of  cast-iron,  and  Jeimings'  of  earthenware) 
have  been  in  use  for  many  years.  The  Army  Sanitary  Committee  {On  SaniUtry  Applinnctt 
inUroduced  into  BanracJca,  Blue  Book,  187b  p*  H)  stale' that /out  of  183  barracks  only  &3  were 
chttixed  with  repairs,  and  the  average  i;xpeiidlti)re  on  tlie-^e  53  was  12a.  p<ir  barrack  annnally 
for  MAdkrlaQe^s,  and  ISs.  9d.  per  barrack  for  Jennings*  latrine,  and  nearly  the  whole  of  these 
samenaes  wore  caused  by  articles  thrown  cartileaaiy  into  the  latrines. 

'  Ebginefirs  are  now  desirous  of  rvj>tricting  the  term  "drain**  to  a  pipe  that  merely  draws 
off  moieture  from  land,  using  the  term  **fleweT  "  for  a  pipe  carryine  aewa^  or  liquid  refuse  of 
any  kind  ;  but  by  the  Public  Health  Act,  1875,  a  '*  drain  "  means  tne  drain  of  om  huiUling  or 
premises  in  one  occu^iation,  leading  into  a  sewer  or  cesspool ;  and  **  sewer  "  meaiui  the  chaamid 
receivhog  the  "  drains  *'  of  two  or  more  houses  or  neparote  premises. 

'  Mr  Baldwin  Latham  cautious  us  to  se«  that  the  socket  of  the  drain  pipe  is  made  with  and 
b  ft  ootnpooeut  part  of  the  pipe,  and  not  merely  joined  on. 

*  Pipes  are  m»de  up  to  3^  inchea  and  upwards,  uanaJly  round  up  to  16  or  IS  Inches,  and  ovil 
Above  that 

>  See  the  late  Mr  William  Eassie's  Healthy  Hotaet  (^d  edition)  for  much  information  on  thift 
and  kindred  subjects.  So  me  of  the  drawing*  given  here  bare  been  copied  from  Mr  £aA»e's  work, 
by  hia  permission  ;  reference  may  also  be  mode  to  Sanitary  Arranqenwni^  for  Dwellings,  by 
the  flame  author  ;  alao  to  Our  Mometf  op,  cit.  See  also  a  paper  by  Mr  J.  R.  Anderson,  C.E., 
in  &n.  Record f  Bee  1839. 

•  BaOdert  were  formerly  anxious  to  conceal  tiibea,  and  thn$  carry  them  inside  the  walla,  or 
in  ibe  caiBo  of  hollow  wftlla ^between  the  two.  Tlie  consequence  was  that  any  escape  of  air 
must  be  into  the  house.  The  leakage  of  a  closet  pipe  cjirritid  down  in  a  hollow  wall  often 
conttiantly  contuni incited  the  air  of  the  bomte.  It  is  infinitt^ly  lH;;tt«r  to  run  the  pipes  at  onoe 
through  the  wall  to  the  outride.  Few  peraoDs  have  any  idea  of  the  carelessness  of  plumbers* 
work— of  the  bod  junctions,  and  of  the  rapidity  with  which  pipes  eet  out  of  order,  and  decay. 
When  ft  leaden  pipe  carrying  water  is  Iwl  into  a  water-closet  discharge  pij>e,  it  is  freonentiy 
■impl"  I  '*'  '  itj,  and  very  feoon  the  dried  putty  breaka  awsT,  and  there  is  a  complete  leakage 
tut  en  Aim.     Even  if  well  joiue<l,  the  lead  pipe  will,  it  is  aaidi  contract  and  expaudi 

1 1 J 1  _^^  are  at  last  fonticd. 
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be  a  gcKwl  water-trap,  Itut  iilso  complete  ventilation  and  connection  ^vith  tho 
outside  air  at  the  point  of  junction.  The  rule,  in  fact,  should  1w,  that  tho 
union  of  any  hou&e  pipe  whatever  with  the  outside  drain  should  be  broken 
both  hy  water  and  by  ventilation.  It  is  hardly  pt^sible  to  insist  too  much 
on  the  importance  of  this  rule  of  disconnection  between  lioitse  pipe^  and 
outside  (liBLna.  lo  addition  it  should  be  a  striet  rule  that  nty  tirain  pip*^  of 
any  kind  jsliould  f>a38  under  a  house  ;  li  there  must  be  a  pipe  passing  from 
front  to  liaek  or  the  reverse,  it  is  mueli  better  to  take  it  alxive  the  basement 
Moor  than  iindemeath,  and  to  have  it  exposed  throurjhout  its  course.  In 
BUch  a  ea.se  it  ought  to  be  of  cast-iron,  as  already  mentioned,  In  America 
this  is  made  conipulsory.  The  ** Durham"  system  of  house  drainage  has 
recently  lie  en  iiitroduced  into  this  country'  from  America.  The  pipes  are  of 
WTought-iron  lined  with  asphalte,  and  are  joined  together  by  ^vr ought-iron 


I 
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Fig,  10* — Doiilton  and  Watt's  Accesa^pip©. 

collars  and  (*ast4ron  Ix^nds  and  junctions.  It  is  said  that  by  tlds  system 
faulty  joining  is  an  imposj^ihiiity ;  but  the  eflect  of  changes  of  temperature 
on  its  sUibility  is  not  stated.^  Events  have  shown  wlmt  a  risk  the  richer 
classes  in  iliis  country  often  run,  who  not  only  Viring  the  sewers  into  the 
houses,  but  multiply  water-closets,  and  often  put  them  close  to  bedrooms. 
The  simple  plan  of  disconnection  ^vith  ventilation,  if  properly  done,  would 
guard  against  the  otherwise  certfdn  danger  of  sewer  air  entering  the  house. 
Hoiises  which  have  for  years  been  a  nuisance  from  persistent  smeUs  have 
been  purilied  and  become  healthy  by  this  means. 

Chaming  of  Pipei  and  Drains. — Pipes  are  cleanetl  by  flexible  bamboo  or 
jointed  rods  with  screws  and  rollers  U>  loosen  sediment.  The  safest  plan  of 
cleaning  drains  is  from  man-holes,  the  drains  being  laid  in  straight  lines 
from  man-hole  to  man-hole.  By  this  melius  ol>structions  are  easily  detected 
and  removed.  Most  engineers  now  lay  down  a  iialf  round  pipe  where 
required,  raise  up  the  sides  ui  cement,  and  cover  the  space  over  w4th  an  air- 
tight in»n  cover.  The  use  of  movable  caj^  runs  the  risk  of  leakage,  it 
being  dillictilt  t«3  make  the  drain  water-tight 
again  after  removing  the  cap,  hut  with  care  such 
caps  (see  fig.  10)  are  useful  with  small  pipes, 
whete  man-holes  cunnot  \m  employed.  1  >raiii 
pipes  should  also  be  cleared  out  hy  regular 
flusliing  when  necessary.  This  may  he  d^me 
by  means  of  an  automatic  apparatus  such  as 
Field's  fluKh  tfuik  (fig.  11).  By  regidating  tlie 
flow  of  water  it  may  be  made  to  empty  itself 
OB  often  as  necessarj\ 

Laying  o/Draim. — ^They  should  he  laid  very 
carefidly  on  concrete  in  all  soils.  Sometimes, 
in  very  lixsse  soils,  even  pOing  for  the  depith  of 
a  foot  must  be  used  besides  the  concrete.  ^Vlien 
pipes  are  not  kid  on  a  good  foundation,  leakage  is  sure  to  occur  sooner  or 
later,  and  the  final  expense  is  far  more  than  the  tot  outlay  would  have 
been.     The  greatest  care  must  he  taken  in  laying  and  joining  the  pif>es,  and 


Fig.  ll.—FitiM's  Flush  Tank. 
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in  testing  them  afterwards,  to  make  sure  they  are  water-tight.     In  a  wet 

soil  a  good  plan  is  to  have  a  firm  basis,  or  invert  block,  which  is  itself  per- 

^  forated  to  carry  off  subsoil  water,  and  to  put  the 

^  /^        ^-9        ^//     ^^^^^  ov®r  ^^is,  as  in  the  plan  of  Messrs  Brooks 

V  /  U  ]         ^^^  ^^^  ^^  Huddersfield  (see  fig.  24). 

^  J  The  "junction"  of  pipes  is  accomplished  by 

Q         QPvO  special  pipes,  known  by  the  names  of  single  and 

ijySs — TT  I   R  /p({)  double  squares,  curved  or  oblique  junctions,  ac- 

^ '         '-— ^  ^^     cording  to  the  angle  at  which  one  pipe  runs  into 

e  ^v  the  other.     The  square  junctions  are  undesirable, 

(Dl2ZD  (K— _Zr   ^  blockage  will  always  occur,  and  the  oblique 

Fig  12 —Junctions  junctions  should   be    insisted   upon.     When    a 

smaller  pipe  opens  into   a  larger,  a  taper  pipe 

should  always  be  used,  the  calibre  being  contracted  before  it  enters  the 

receiving  pipe.     All  jointing  must  be  in  good  cement,  imless  special  patent 

joints  (such  as  Stanford's)  are  used.     Clay  jointing  is  wholly  inadmissible. 

Fall  of  Brain  Pipes. — 1  in  30  for  4-inch  drains,  and  1  in  40  for  G-inch ; 
or,  roughly,  for  small  drains  1  inch  per  yard. 

HotLse  Traps, — As  the  traps  are  usually  the  only  safeguard  against  the 
warm  house  drawing  sewer  air  into  it,  the  utmost  attention  is  necessary  to 
insure  their  efficiency.  There  is  almost  an  infinite  diversity,  but  they  can 
be  conveniently  divided  into  the  siphon,  the  midfeather,  the  fiap4rap,  and 
the  hall-trap. 

The  siphon  is  a  deeply-curved  tube,  the  whole  of  the  curve  being  always 
full  of  water.  It  is  a  useful  trap,  and  efficient  if  the  curve  is  deep  enough, 
80  that  there  is  a  certain  depth  of  water  (not  less  than  \  inch)  standing 
above  the  highest  level  of  the  water  in  the  curve,  and  if  the  water  is  never 
sucked  out  of  it,  and  if  the  pipe  is  not  too  small,  so  that  the  water  is 
carried  away,  when  it  runs  full,  by  the  siphon  action  of  the  pipe  beyond. 
If  two  siphons  succeed  each  other  in  the  same  pipe,  without  an  air  opening 
between,  the  one  mil  suck  the  other  empty. 

Tlie  midfeather  is  in  principle  a  siphon ;  it  is  merely  a  roimd  or  square 
box,  with   the  entry  at   one  side   at   the  top,  and  the  dis- 
charge pipe  at  a  corresponding  height  on  the  opposite  side, 
and    between    them  a  partition    reaching  below   the  lower 
margin  of  both  pipes.     Water,  of  course,  stands  in  the  box  or 
receptacle  to  the  height  of  the  discharge,  and  therefore  the 
partition  is  always  to  some  extent  under  water.     The  extent 
should  not  be  less  than  f  of  an  inch.     Heavy   substances 
may  subside  and  collect  in  the  box,  from  which  they  can  be 
removed  from  time  to  time ;  but  as  ordinarily  made  it  is  not  a 
good  kind  of  trap,  as  it  favours  the  collection  of  deposit,  and 
is  not  self-cleaning.    The  common  bell-trap,  with  its  modifica- 
Fi^.  13.— Siphon  tions,  is  a  variety  of  the  midfeather-trap,  but  it  is  so  inefficient 
movable ^sr^w  ^^^^  ^^  ought  to  be  given  up.     The  best  kind  of  sink  trap  is 
for  cleaning       the  simple  siphon,  with  a  screw  cap,  by  which  to  clean  it 
(fig.  13). 
The  flap  is  used  only  for  some  drains,  and  is  merely  a  hinged  valve  which 
allows  water  to  pass  in  one  direction,  but  which  is  so  hung  as  to  close  after- 
wards by  its  own  weight.     It  is  intended  to  prevent  the  reflux  of  water  int."« 
the  secondary  drains,  and  is  supposed  to  prevent  the  passage  of  sewer  gas. 
But  it  is  a  very  imperfect  block. 

The  hall-trap  is  used  in  some  special  cases  only ;  a  ball  is  lifted  up  as  the 
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"water  rises,  until  it  impinges  on  and  closes  an  orifice.     It  is  not  a  very 
desirable  kind. 

However  various  may  be  tbe  form  and  details  of  the  water-trap,  they  can 
be  referred  to  one  or  other  of  these  patterns. 


Fig.  U.— Common  Mason's  or  Dip-Trap. 
Bad  form  of  Trap. 


Fig.  15.— D  Trap.     Bail 
form  of  Trap. 


Efidency  of  Traps, — Water  should  stand  in  a  trap  at  least  \  of  ^an  inch 
above  openings,  and  it  should  pass  through  sufficiently  often  and  with 
sufficient  force  to  clear  it.  An  essential  condition  of  the  efficiency  of  all 
traps  is  that  they  should  be  self-cleansing.  Many  traps  are  so  constructed 
that  no  amount  or  velocity  of  water  can  clear  them.  Such  traps  are  the 
common  mason's  or  dip-trap  (fig.  14),  and  the 
notorious  D  trap  (fig.  15),  both  of  which  are 
simply  cesspools,  and  could  never  be  cleaned 
without  being  opened  up.  Such  traps  ought 
to  be  unhesitatingly  condemned.  Traps  are 
often  ineflfective :— 1«^,  From  bad  laying,  which 
is  a  very  common  fault.  2nd,  From  the  water 
getting  thoroughly  impregnated  with  sewer 
effluvia,  so  that  there  is  escape  of  effluvia  from 
the  water  on  the  house  side.  Srcf,  From  the 
water  passing  too  seldom  along  the  pipe,  so  that 
the  trap  is  either  dry  or  clogged.  4<A,  From 
the  pipe  being  too  small  (2  or  3  inches  only), 
and  "  running  full,"  which  will  sometimes  suck 
the  water  out  of  the  trap ;  it  usually  occurs  in 
this  way,  as  frequently  seen  in  sink  traps; 
the  pipe  beyond  the  trap  has  perhaps  a  very 
great  and  sudden  fall,  and  when  it  is  full  of 
water  it  acts  like  a  siphon,  and  sucks  all  the 
water  out  of  the  trap ;  to  avoid  this,  the  pipe 
should  be  large  enough  to  prevent  its  running  yig.  l6.-Siphon  aoset  Basins 
full,  or  the  trap  should  be  of  larger  calibre  with  ventilating  \tv^  A, 
than  the  rest  of  the  pipe.  This,  however,  'will 
not  always  prevent  it,  as  even  6-inch  pipes 
have  sometimes  sucked  a  siphon  dry.  The 
question  has  lately  been  very  carefully  investi- 
gated, in  America,  by  Messrs  Philbrick  and 
Bowditch,^  whose  report  has  shown  the  danger  of  unsiphoning  which 
small  pipes  are  exposed  to.  The  remedy  appears  to  be  to  introduce 
an  air-vent  at    the   crown   of  the   trap   (see  fig.    16),   and   not  to   have 

1  The  Sanitary  Engineer,  vol.  vL  p.  264,  1882  (New  York).  "The  Syphonage  and 
VentUation  of  Traps,"  Report  to  the  National  Board  qf  Health,  by  E.  W.  Bowditch  and  E.  a 
Philbrick,  C.E. 


Soil  pipe  passing  up  above  the 
eaves,  with  open  top.  B, 
Subsidiary  Ventilating  Pipe 
(also  passing  up  above  eaves, 
with  open  top)  to  prevent  suck- 
ing of  the  sipiion. 
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too  small  a  pipe,  especially  when  several  pipes  unite  in  one  general 
waste.  The  experiments  also  showed  how  unsiphoning  might  take  place 
from  the  pressure  of  descending  water  from  upper  floors,  so  that  air  might 
be  forcibly  driven  into  the  house  when  upper  closets  or  sinks  were 
used.  Mr  Glenn  Brown's  experiments  show  that  with  proper  ventilation 
these  dangers  may  be  completely  obviated.^  bth^  Traps  may  perhaps  be 
inefficient  from  the  pressure  of  the  sewer  air,  combined  with  the  aspirating 


Fi^.  17.— Pipes  open- 
ing above  Grating 
and  Trap. 


Fig.  18. — Disconnecting  and  Venti- 
lating Drain  Trap  No.  2,  Bnchan's 
Patent 


Fig.  19.— Simple 
Gully  Trap. 


force  of  the  house  displacing  the  water,  and  allowing  the  air  uninterrupted 
communication  between  the  sewer  and  the  house.  The  extent  of  the  last 
danger  cannot  be  precisely  stated.  From  a  long  series  of  observations  on 
the  pressure  of  the  air  in  the  London  sewers,  Dr  Burdon-Sanderson  ascer- 

DiSCONNECTINO  MaN-HOLB. 

PerforaUd  Iron  Door. 


From  House, 


Cleaning  Branch, 


To  Sewer, 


Fig.  20.— Longitudinal  Section. 

tained  that  in  the  main  sewers,  at  any  rate,  the  pressure  of  the  sewer  air, 
though  greater  than  that  of  the  atmosphere,  could  never  displace  the  water 
in  a  good  trap.     In  a  long  house  drain  wliich  got  clogged,  and  in  which 
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Fig.  21.— Plan. 


Fig.  22.— Cross  Section. 


much  development  of  gaseous  effluvia  occurred,  there  might  possibly  be  fop 


Report  on  Experiments  in  Trap  Siphonage  at  the  Museum  of  Hygiene^   U,&  Savy 
tartmentf  Wcuhington,  D,C.,  by  Glenn  Brown,  Architect.    Washington,  1886. 
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a  time  a  much  greater  pressure,  but  whether  it  would  be  enough  to  force 
the  water  back,  with  or  without  the  house  suction,  has  not  been  yet  experi- 
mentally determined.  Dr  Neil  Carmichael  has  shown  that  water  siphon 
traps  act  efficiently  so  long  as  they  are  not  emptied  by  any  siphon  action 
beyond.  But  the  reasons  already  given  show  that  we  ought  not  to  place 
dependence  solely  on  traps,^  though  they  are  useful  adjuncts.  In  arranging 
the  house  pipes  ttie  sink  and  water-waste  pipes  must  not  be  carried  into  the 
closet  soil  pipes,  but  must  empty  in  the  open  air  over  a  grating.*  See  fig.  17. 
In  the  case  of  soil  or  water-closet  pipes,  there  must  be  also  a  complete  air- 
disconnection  between  the  pipe  and  drain  by  means  of  one  of  the  contriv- 
ances now  used  by  engineers.  At  the  point  where  this  disconnection  is 
made  there  ought  to  be  some  easy  means  of  getting  at  it  for  inspection. 

A  simple  good  form  is  Buchan's  trap  (fig.  18).^  A  good  form  of  man-hole 
is  Mr  Rogers  Field's  (see  figs.  20  to  22).*  Professor  Reynolds  ^  has  sug- 
gested an  arrangement  which  seems  fairly  good  and  simple. 

A  simple  trap  is  sometimes  made  by  inserting  a  pipe  in  the  centre  of  a 
siphon,  and  carrying  this  pipe  to  the  surface,  or  higher  if  considered 
desirable.  It  is,  however,  apt  to  be  clogged  with  grease,  faeces,  and  other 
light  matter  rising  into  the  pipe.  There  are  various  similar  arrangements. 
The  "  Somerset  Patent  Trap,"  designed  by  Mr  Honeyman,  and  much  used 
at  Glasgow,  is  a  midfeather-trap  with  an  air-shaft  on  each  side  the  partition ; 
on  one  side  the  shaft  ventilates  the  pipe  leading  to  the  sewer,  on  the  other 

allows  fresh  air  to  pass  into  the  house  pipe.  This 
second  shaft  also  allows  the  trap  to  be  cleaned. 
Rain-water  pipes  are  sometimes  used  to  venti- 
late drains,  but,  independent  of  their  small  size, 
which  often  leads  to  blockage,  they  are  often 
full  of  rain,  and  cannot  act  at  the  time  when 
ventilation  is  most  required.  They  are  also 
apt  to  deliver  sewer  gas  into  garret  windows. 
The  plan  is  objectionable,  and  ought  to  be 
abandoned. 

A  good  form  of  disconnecting  trap  for  sink 
and  slop  waters  is  Dean's,  which  has  a  movable 
bucket  for  removing  deposits  (fig.  23). 

A  grease-intercepting  chamber  is  sometimes 
necessary  to  prevent  the  deposit  of  grease  or 
sand  in  the  drain.  This  chamber  is  generally 
made  of  hollow  stoneware,  with  a  tight  iron  cover,  and  ventilated.  The  hot 
water  from  the  sink  is  cooled  on  entering  the  chamber,  the  grease  solidifies 
and  rises  to  the  top,  the  sand  sinking  to  the  bottom ;  the  grease  and  sand 
must  be  removed  periodically. 

In  yards,  gully  traps  of  different  kinds  are  used,  the  action  of  which  will 
be  at  once  understood  from  the  drawing  (fig.  19). 
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Fiff.  28.— Dean's  Gully  Trap. 
A,  Haudle  of  movable  bucket. 


1  "  Honestly  speaking,  traps  are  dangerous  articles  to  deal  with  ;  they  should  be  treated 
merely  as  auxiliaries  to  a  good  dnunage  system." — Ecuaie, 

2  For  the  sake  of  appearance,  in  some  cases,  it  may  be  necessary  to  carry  the  pipe  imme- 
diately uncUr  the  erating,  but  care  must  be  taken  that  nothing  occurs  to  obstruct  the  free 
oommunication  with  the  open  air  through  the  grating. 

»  Mr  Buchan  still  considers  this  the  best  form  of  trap  for  ordinary  purposes.  Sanitary 
lUecrd,  Nov.  1889.  ,        .    ,  ^.  , 

*  Prom  Mr  Field's  Bye-Latosfor  Uppingham,  with  later  improvements.    I  am  mdebted  to 


Mr  Field  for  several  valuable  suggestions .--{F.  de  CI 

»  Sewer  Oas,  by  Osborne  Reynolds,  M.A.,  Professor  of 
Manchester,  2nd  edition,  1872. 
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Examination  of  Hotise  Pipes  and  Traps, 

Pipes  and  traps  are  generally  so  covered  in  that  they  cannot  be  inspected ; 
but  this  is  a  bad  arrangement  If  possible,  all  cover  and  skirting  boards 
concealing  them  should  be  removed,  and  the  pipe  and  trap  underground  laid 
bare,  and  every  joint  and  bend  looked  to.  But  supposing  this  cannot  be 
done,  and  that  we  must  examine  as  well  as  we  can  in  the  dark,  so  to  speak, 
the  following  is  the  best  course : — Let  water  run  down  the  pipe,  and  see  if 
there  is  any  smell ;  if  so,  the  pipe  is  full  of  foul  air  and  wants  ventilation, 
or  the  trap  is  bad.  If  a  lighted  candle,  or  a  bit  of  smouldering  brown 
paper,  is  held  over  the  entranfee  of  the  pipe  or  the  grating  over  a  trap,  a 
reflux  of  air  may  be  found  with  or  without  water  being  poured  down.  It 
should  be  noticed  also,  whether  the  water  runs  away  at  once,  or  if  there  is 
any  check.  This  is  all  that  can  be  done  inside  the  house ;  but  thougli  the 
pipe  cannot  be  disturbed  inside,  it  may  be  possible  to  open  the  earth  out- 
side, and  to  get  down  to  and  open  a  drain ;  in  that  case,  pour  water  mixed 
with  lime  down  the  house  pipe ;  if  the  whitened  water  is  long  in  appear- 
ance, and  then  runs  in  a  dribble  merely,  the  drains  want  flushing ;  if  it  is 
much  coloured  and  mixed  with  dirt,  it  shows  the  pipes  and  trap  are  foul, 
or  there  is  a  sinking  or  depression  in  some  part  of  the  drain  where  the 
water  is  lodging.  The  pipe  should  then  be  flushed  by  pouring  down  a 
pailful  of  lime  and  water  till  the  lime-water  flows  off  nearly  clear.  The 
drain  should  also  be  blocked,  and  water  poured  into  the  house  pipe  to  see 
if  it  be  water-tight  in  every  part.  If  the  lower  end  of  the  drain  is  plugged, 
and  the  pipe  then  filled  with  water,  any  leak  will  be  found  by  the  sinking 
of  the  water  in  the  upper  part.  Or  the  drain  may  be  filled  with  smoke  by 
a  forcing  apparatus,  when  the  situation  of  a  leak  will  be  detected  by  the 
presence  of  the  smoke* — smoke  rockets  have  been  recently  introduced  for 
this  purpose ;  also  glass  grenades  charged  with  pungent  chemicals  (Banner's 
patent).  The  simplest  method,  perhaps,  is  to  pour  down  the  pipe,  at  the 
highest  part,  an  ounce  of  oil  of  peppermint  with  a  few  gallons  of  hot  water  : 
as  this  is  a  very  volatile  oil,  there  is  no  difficulty  in  tracing  whence  the 
odour  is  emitted,  and  so  detecting  any  leak. 

Yard-traps  are  often  very  foul,  and  if  the  trap-water  be  stirred,  gas 
bubbles  out,  which  is  a  sign  of  great  foulness  or  that  the  traps  are  seldom 
used. 

Main  Sewers, 

The  outside  house  drain  ends  in  a  channel  which  is  common  to  several 
drains,  and  is  of  larger  size.  These  larger  sewers  are  made  either  of  round 
glazed  earthenware  pipes  from  15  to  24  inches  diameter,  or  of  well-burnt 
impervious  brick  moulded  in  proper  curved  shape  and  set  in  Portland 
cement,  or  stoneware  bricks  are  partly  used.  The  shape  now  almost 
imiversally  given,  except  in  the  largest  outfall  part,  is  that  of  an  egg  with 
the  small  end  downwards,  so  that  the  invert  is  the  narrowest  part.  The 
object  of  this  is  to  secure  the  maximum  scouring  effect  with  a  small 
quantity  of  water.  Engineers  take  the  greatest  care  with  these  brick 
sewers ;  they  are  most  solidly  put  together  in  all  parts,  and  are  bedded  on 
a  firm  unyielding  bed.  Much  discussion  has  taken  place  as  to  their  size, 
but  the  question  is  so  complicated  by  the  admission  of  rain  water,  that  it 
is  difficult  to  lay  down  any  fixed  rule,  at  least  as  regards  the  main  pipes. 
All  other  sewers,  however,  should  be  small,  and  with  such  a  fall  as  to  be 
self -cleansing. 
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Sewers  should  be  laid  in  as  straight  lines  as  possible,  with  a  regular  fall ; 
tributary  sewers  should  not  enter  at  right  angles, 
but  obliquely ;  and  if  the  sewer  curves,  the  radius 
of  the  curve  should  not  bo  less  than  ten  times 
the  cross-sectional  diameter  of  the  sewer.  Some- 
times there  is  an  arrangement  for  subsoil  drainage 
under  a  pipe  drain,  as  in  the  plan  proposed  by 
Mr  Brooks. 

The  faU  for  sewers  is  usually  from  1  in  244  to  1  in  784,  according  to  the 
size  of  the  drain.  The  flow  through  a  sewer  should  in  no  case  be  less  than 
2^  feet  per  second,  and  3  is  better.  As  in  the  house  drain,  the  fall  should 
be  equable  without  sudden  changes  of  level.^ 

It  is  of  importance  that,  to  all  sewers  capable  of  being  entered  by  a  man, 
there  should  be  an  easy  mode  of  access.  Man-holes  opening  above,  or, 
what  is  better,  at  the  side,  should  be  provided  at  such  frequent  intervals, 
that  the  sewers  can  be  entered  easily  and  inspected  at  all  points.  The 
man-holes  are  sometimes  provided  with  an  iron  shutter  to  prevent  the 
sewer  air  passing  into  the  street,  or  by  the  side  of  the  man-hole  there  may 
be  a  ventilating  chamber. ^ 

Calculation  of  Discharge  from  Sewers,^ 

Several  formul®  have  been  given,  of  which  the  following  is  the  most 
«imple : — 

1  In  some  cases  a  fall  is  almost  impossible  to  obtain,  as,  for  instance,  at  Southport,  in  Lan- 
cashire, where  the  ground  is  nearly  a  dead  level.  The  fall  there  is  about  1  in  5000,  and  never 
exceeds  1  in  3000.  In  such  a  case  the  drain  would  have  to  be  cleaned  either  by  locks  or  valves 
Jflushing-gates)  to  retain  a  portion  of  the  contents  for  a  time,  and  then  set  them  free  suddenly 
in  onler  to  flush  the  next  section,  or  by  special  arrangements,  such  as  Field's  flush-tank,  or 
Rhone's  ejector. 

3  Mr  Baldwin  Latham  joins  the  sewers  in  man-holes,  so  that  if  one  is  blocked  another  may 
be  used  ;  the  outlet  being  at  the  lower  level. 

3  The  following  table,  taken  from  Mr  Wicksteed,  will  be  found  useful  :— 

Seioers. 

TM.».«^A*                           Velocity  In  feet  Gradient 

Diameter.                              perrainute.  required. 

4  inches        .        .        .        240        .  .        .        1      in      ' 


6 
8 
9 
10 
15 
18 
21 
24 
30 
36 
48 


240 

220 

220 

220 

210 

180 

180 

180 

180 

180 

180 

180 

65 
87 
98 
119 
244 
294 
343 
392 
490 
588 
784 


Mr  Latham  {Lectures  on   Sanitary  Enffineering,  delivered  to  the  Royal  Engineers  at 
Chatham)  gives  a  table,  of  which  the  following  is  an  extract :— - 


Diameter  in 
Inches. 

Rate  of  inclination  for  velocity  per  second. 

2  feet. 

8  feet 

4  feet. 

5  feet. 

6  feet 

4 

1:194 

1:92 

1:53 

1:34 

1:24 

6 

292 

137 

80 

61 

36 

8 

389 

183 

106 

69 

48 

9 

437 

200 

119 

77 

54 

10 

486 

229 

133 

86 

60 

12 

583 

275 

159 

103 

72 

In  this  table  the  velocity  in  feet  multiplied  by  the  inclination  equals  the  length  of  the 
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V-55x(VDx2F). 
V— velocity  in  feet  per  minute. 
D— hydraulic  mean  depth  in  feet. 
F— fall  in  feet  per  mile. 

Then,  if  A  =  section  area  of  current  of  fluid,  VA  =  discharge  in  cubic  feet 
per  minute. 

To  use  this  formula,  the  hydraulic  mean  depth  when  the  sewage  is 
flowing,  and  the  amount  of  fall  in  feet  per  mile,  must  be  first  ascertained. 
The  "  hydraulic  mean  depth  "  is  the  section  area  of  current  of  fluid  divided 
by  the  wetted  perimeter.  In  circular  pipes  it  is  always  Jth  the  diameter.^ 
The  "  wetted  perimeter  "  is  that  part  of  the  circumference  of  the  pipe  wetted 
by  the  fluid.  The  fall  in  feet  per  mile  is  easily  obtained,  as  the  fall  in  50 
or  100  or  200  feet  can  be  measured,  and  the  fall  per  mile  calculated  (5280 
feet=l  mile).^ 


Movement  of  Air  in  the  Sewers^  and  Ventilation. 

It  seems  certain  that  no  brick  sewer  can  be  made  air-tight;  for  on 
account  of  the  numerous  openings  into  houses,  or  from  leakage  through 
brickwork,  or  exit  through  gratings,  man-holes,  and  ventilating  shafts,  the 
air  of  the  tubes  is  in  constant  connection  with  the  external  air.  There  is 
generally,  it  is  believed,  a  current  of  air  with  the  stream  of  water,  if  it  be 
rapid.  The  tension  of  air  in  main  sewers  is  seldom  very  diflferent  from 
that  of  the  atmosphere,  or  if  there  be  much  difference  equilibrium  is 
quickly  restored.  In  twenty-three  observations  on  the  air  of  a  Liverpool 
sewer,  it  was  found  by  Drs  Parkes  and  Burdon-Sanderson  ^  that  in  fifteen 
cases  the  tension  was  less  in  the  sewer  than  in  the  atmosphere  outside 
(t.e.,  the  outside  air  had  a  tendency  to  pass  in),  and  in  eight  cases  the 
reverse ;  but  on  the  average  of  the  whole  there  was  a  slight  indraught  into 
the  sewer.  In  the  London  sewers,  on  the  other  hand,  Sanderson  noticed  an 
excess  of  pressure  in  the  sewers.* 

If  at  any  time  there  is  a  very  rapid  flow  of  water  into  a  sewer,  as  in 
heavy  rains,  the  air  in  the  sewer  must  be  displaced  with  great  force,  and 
possibly  may  force  weak  traps ;  but  the  pressure  of  air  in  the  sewers  is  not 
appreciably  affected  by  the  rise  of  the  tide  in  the  case  of  seaboard  towns.* 
The  tide  rises  slowly,  and  the  air  is  displaced  so  equably  and  gradually 
through  the  numerous  apertures,  that  no  movement  can  be  detected.     It  is 


sewer  to  which  the  calculation  applies.    For  example,  if  the  velocity  is  6  feet  per  sepond  in  a 
pipe  whose  diameter  is  4  inches,  then  6x24=144  feet  is  the  length  of  the  sewer. 

*  This  may  be  shown  thus :  Let  r  =  the  radius  of  section  ;    then  the  perimeter  =  ir2r, 

irr*      r 
and  the  section  of  fluid  (or  area  of  circle)  =  -jrr^,  then  ^^="2  *  »•«•»  4  ^®  radius  or  J  the 

diameter. 

9  An  example  may  illustrate  the  formula  ;  Let  the  sewer  be  12  inches  in  diameter  and  cir- 
cular in  shape  ;  then  the  hydraulic  mean  depth  is  three  inches  or  0*25  of  a  foot ;  let  the  fall 
in  feet  per  mile  be  73  :  then  we  have  65  x  ^^'26  x  146=333  feet  per  minute  velocity  ;  then  the 
sectional  area  of  the  pipe  running  full =07854  of  a  square  foot,  and  0*7854x383=261 
cubic  feet  dischwrged  per  minute. 

'  Report  on  the  Sanitary  Condtiion  of  Liverpool,  1870,  p.  27. 

*  Mr  B.  H.  Reeves  believes  that  temperature  is  an  important  factor  in  influencing  the 
movement  of  air  in  sewers  ;  when  the  temperature  of  the  sewer,  and  that  of  the  outside 
air,  is  the  same  or  nearly  so,  stagnation  follows. — San.  Record,  October  1889. 

»  Vide  same  Report,  p.  21,  for  the  case  of  Liverpool.  Dr  Cortield's  obser\'ations  at  Scar- 
borough  were  contirmatory. 
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not  possible,  therefore,  that  it  can  force  water-traps  in  good  order,  when 
there  are  sufficient  ventilating  apertures. 

On  the  contrary,  the  blowing  off  of  steam,  or  the  discharge  of  air  from  'N 
an  air-pump  (as  in  some  trade  operations),  greatly  heightens  the  pressure,  / 
and  might  drive  air  into  houses.  So  also  the  wind  blowing  on  the  mouth  ) 
of  an  open  sewer  must  force  the  air  back  \^'ith  great  force.  ' 

It  is,  therefore,  important  to  protect  the  outfall  mouth  of  the  sewer  p 
against  wind  by  means  of  a  flap,  and  to  prohibit  steam  or  air  being  forced  I 
into  sewers.  ' 

To  how  great  an  extent  the  openings  into  houses  thus  reduce  the  tension 
of  the  air  in  main  sewers  it  is  difficult  to  say,  but  there  can  be  little 
doubt  that  a  large  eflfect  is  produced  by  houses  which  thus  act  as  ven- 
tilating shafts. 

When  a  sewer  ends  in  a  cul-de-sac  at  a  high  level,  sewer  gas  will  rise  and 
press  with  some  force ;  at  least  in  one  or  two  cases,  the  opening  of  such  a 
ad-desac  has  been  followed  by  so  strong  a  rush  of  air  as  to  show  that  there 
had  been  considerable  tension.     It  is  also  highly  probable,  from  the  way  in  ) 
which  houses  standing  at  the  more  elevated  parts  of  sewers,  and  commimi-  \ 
eating  with  them,  are  annoyed  by  the  constant  entrance  of  sewer  air,  while  I 
houses  lower  down  escape,  that  some  of  the  gases  may  rise  to  the  higher  1 
levels.  ^ 

That  no  sewer  is  air-tight  is  certain,  but  the  openings  through  which  the 
air  escapes  are  often  those  we  should  least  desire.  It  is  therefore  absolutely 
necessary  to  provide  means  of  exit  of  foul  and  entrance  of  fresh  air,  and  not 
to  rely  on  accidental  openings.  The  air  of  the  sewer  should  be  placed  in 
the  most  constant  connection  with  the  external  air,  by  making  openings  at 
every  point  where  they  can  be  put  with  safety.  In  London  there  are 
numerous  gratings  which  open  directly  into  the  streets,  and  this  plan, 
simple  and  apparently  rude  as  it  is,  can  be  adopted  with  advantage  wherever 
the  streets  are  broad  :  the  openings  should  be  in  the  middle  of  the  roadway, 
and  not  near  the  pavement.  But  in  narrow  streets,  or  when  too  near  the 
pavement,  the  sewer  gratings  often  become  so  oflfensive  that  the  inhabitants 
stop  them  up.  In  such  cases  there  must  be  ventilating  shafts  of  as  large  a 
diameter  as  can  be  aflPorded,  running  up  sufficiently  high  to  safely  discharge 
the  sewer  air.^  In  some  of  these  cases  it  may  be  possible  to  connect  the 
sewers  with  factory  chimneys.  ^  The  sewer  should  never  be  connected  with 
the  chimneys  of  dwelling-houses.  Mr  John  Penn  suggests  that  pipes  should 
be  carried  up  through  the  street  gas  lamps,  for  the  purpose  of  ventilating 
the  sewers,  so  that  the  sewer  air  would  be  subjected  to  the  gas  flame,  and 
rendered  innocuous,  and  a  constant  current  kept  up.^ 

In  making  openings  in  sewers  it  seems  useless  to  follow  any  regular  plan. 
The  movement  of  the  sewer  air  is  too  irregular  to  allow  us  to  suppose  it  can 
ever  be  got  to  move  in  a  single  direction,  though  probably  the  most  usual 
course  of  the  air  current  is  with  the  stream  of  water,  if  this  be  rapid.  The 
openings  should  be  placed  wherever  it  can  conveniently  be  done  without 
creating  a  nuisance.  Some  of  these  openings  will  be  inlets,  others  outlets^ 
but  in  any  case  dilution  of  the  sewage  effluvia  is  sure  to  be  obtained.     Sir 

1  In  Liverpool  there  were  smaU  shafts  with  Archimedean  screws  at  the  top.  From  the 
observations  of  Sanderson  and  Parkes,  it  appears  that  these  screws  did  act,  but  not  to  such  a^ 
extent  as  to  warrant  the  expense. 

^  It  seems  inadvisible  to  erect  chimneys  and  use  fires  with  an  idea  of  ventilating  the  sewers 
on  a  general  plan  ;  the  air  would  simply  be  drawn  with  great  force  through  the  nearest  open- 
ing.   But  local  ventilation  by  a  factory  chimney,  when  gratings  cannot  be  used,  is  a  different 

•TtwM,  Oct.  22, 1889. 
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•  R  Rawlinsijn  c^^iisiders  tliat  every  main  sewer  sliould  have  one  ventilafcor 

/  every   100  yariL*,   or  18  to  a  mllt^,   and    this   should   bo  a  largo  effective 

)  opening*^ 

f  But  there  may  he  cjises  wlien  Hj)t;ciul  appliances  must  be  used.  For 
example,  in  what  are  caih'd  "  sewers  of  deposit/'  as  when  the  outHow  of  the 
sewer  wat^r  is  checked  for  seveml  hour;^  daily  hy  the  tide  or  otlier  ea^ises, 
it  may  be  necessary  to  provide  special  shafts^  and  the  indication  for  this  will 
be  the  e\  idence  of  constant  esca]H3  of  sewer  air  at  particular  j:»ouits* 

The  use  of  c/iarcoul  trays  hai*  not  answered  tlie  expectations  that  were 
formed  of  tliem. 

■  Inspection  of  Sewers, 

Tlie  inspection  of  sewers  is  in  many  towns  a  matt^^r  of  j^eat  diflficulty,  on 
account  of  the  means  of  access  bein^  insufficient,  and  also  because  the  length 
of  the  sewem  is  so  great  Still  inspection  is  a  necessity,  especially  in  the 
old  Hat  sewei-s,  anfl  should  he  systeniatieally  carried  out,  and  a  record  kept 
of  the  dej»tli  of  water,  the  amount  of  deposit,  and  of  sewer-slime  on  the  side 
or  roof. 

CfioHng  of  and  Deposits  in  Sewers, — Cutuses. — Original  had  construction  ; 
too  little  fall ;  sharp  curves ;  sinking  of  floor  ;  want  of  water  ;  check  of  flow 
hy  tide**,  so  that  the  lieuvy  parts  subside. 

Well-made  s*iwers  with  a  good  supjjly  of  water  are  sometimes  self- 
cleansing,  and  quite  free  from  deposit,  hut  this  is,  unfortunately,  not  always 
the  axsQ. 

Even  in  so-called  self-c^leansing  sewers,  it  has  been  noticed  by  Sir  R. 
Rawliiifion  that  the  changing  level  of  the  water  in  the  servers  leaves  a  deposit 
on  the  aides,  which^  being  altiu'uately  wet  and  dry,  soon  putrefies.  In  foul 
sewers  a  quantity  of  slimy  matter  co[lect.s  on  the  crown  of  the  sewers  ;  it  Is 
sometimes  2  to  4  inches  in  tlrickness,  and  is  highly  othjnsive,  Wien 
obUtined  from  a  Liverpool  sewer  l»y  Di*s  Parkes  and  BunJon-Sanderson,  it 
was  found  alkaline  from  ammonia  and  containing  nitrates,^  On  microscopic 
examination,  this  Liverp(X>l  sewer-slime  contained  an  immense  amount  of 
fungoid  grosvtli  an*i  Bftrferia,  as  well  as  some  Confen'tt.  TheiH*  were  alftO 
A  cart  and  remuinj^  of  otlier  animals  and  ova. 

When  de|Mjfiit.s  occur,  they  are  eitlxer  removed  by  the  sewer-men  or  they 
are  carried  away  hy  flushing  of  water. 

Fius/iini/  of  Sewem. — This  is  soiiietunes  done  by  simply  carrying  a  hose 
from  the  nearest  hydnmt  into  the  s^^wer,  or  reservoirs  are  provided  at  certain 
p<iints  which  are  auddeidy  emptied.  The  sewage  it'Self  is  also  used  for 
flushing,  being  dammed  up  at  one  fHjint  by  a  flusldng  gate,  and  when  a 
eufllicient  quantity  has  collected  the  gate  is  opened***  An  automatic  system 
is  however  preferable,  such  as  is  carried  out  by  Field^s  annular  siphon,  before 
mentioned,  or  hy  S honeys  ejector. 

Almost  all  engineers  attach  great  importance  to  regular  flushing,  and 
I  almost  the  only  ad>'anUxge  of  allowing  tlie  rain  to  enter  tlie  sewers  is  the 
)  scouring  etl'ect  of  a  heavy  rainfall  wliich  is  thus  obtained.  This,  however, 
,  is  so  irregular  that  it  is  but  a  doubtfid  benefit.     \Miere  there  is  no  deposit, 

'  Others  have  recoiiiriK^nded  1  in  50  yards. 

^  Report  on  the  tSanitaty  St^U^  qf  Liverpool^  by  Drs  Parke**  ttnd  Burdon*Saiidorsoi>^  1871. 
Tb«  ftaiount  of  frte  nnuiioam  was  25  parts  per  100,000  ;  the  aUjuminoid  aiitniouiu  wjis  4  d2 
p«r  100,000,  uad  llie  nitric  ucid  2035  pur  100,000*  Pliotogruphs  ari^  giveu  of  the  luicroticopic 
ftppearftnoeA  of  the  ilinic  in  this  report. 

•  Baldwin  LathaiiL  poititii  out  that  there  in  a  poiut  of  How  in  all  sewers  when  they  diaobikrge 
more  than  when  ninuiug  fall.  A  good  ttu»hing  power  may  be  obtainod  at  considerably  ksB 
than  thij  full  diAchnrgt;,    Tahlea  are  givnti  in  liid  Sanitary  Knffineerinff^ 
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foul  gases  are  not  generated.  This  is  shown  in  the  case  of  Bristol,  where 
the  main  sewer  is  neither  ventilated  nor  flushed,  and  is  stated  to  require 
neither  the  one  nor  the  other,  there  being  no  deposit,  nor  accumulation  of 
foul  gas.^ 

Disposal  op  Sewage. 

The  great  engineering  skill  now  available  in  all  civilised  countries  can 
ensure  in  the  case  of  any  new  works  that  the  construction  of  sewers  shall 
be  perfect.  If  an  engineer  can  obtain  good  materials,  good  workmen,  and 
a  proper  supply  of  water,  there  is  no  doubt  that  sewers  can  be  so  solidly 
constructed  and  so  well  ventilated  that  the  danger  of  deposits  in  the  sewers, 
or  of  sewer  air  entering  and  carrying  disease  into  houses,  is  removed. 

But  the  difficulty  of  the  plan  of  removing  excreta  by  water  really  con- 
mences  at  the  outfall.     How  is  the  sewage  to  be  disposed  of? 

This  difficulty  is  felt  in  the  case  of  the  foul  water  flowing  from  houses  and 
factories  without  an  admixture  of  excreta  almost  as  much  as  in  sewer  water 
with  excreta.  The  exclusion  of  excreta  from  sewers,  as  far  as  it  can  be 
done,  would  not  solve  the  problem — would,  indeed,  hardly  lessen  its  diffi- 
culty. In  seaboard  towns  the  water  may  flow  into  the  sea,  but  in  inland 
towns  it  cannot  be  discharged  into  rivers,  being  now  prohibited  by  law. 
Independent  of  the  contamination  of  the  drinking  water,  the  sewage  often 
kills  fish,  creates  a  nuisance  which  is  actionable,  and  in  some  cases  silts  up 
the  bed  of  the  stream.  It  requires  in  some  way  to  be  purified  before  dis- 
charge. At  the  present  moment  the  disposal  of  sewage  is  the  sanitary  pro- 
blem of  the  day,  and  it  is  impossible  to  be  certain  which  of  the  many  plans 
may  be  finally  adopted.    It  will  be  convenient  to  briefly  describe  these  plans. 

1.  Storage  in  Tank,  with  Overfiow, 

The  sewage  runs  into  a  cemented  tank  with  an  overflow-pipe,  which  some- 
times leads  into  a  second  tank  similarly  arranged.  The  solids  subside,  and 
are  removed  from  time  to  time ;  the  liquid  is  allowed  to  run  away.  Instead 
of  letting  the  liquid  run  into  a  ditch  or  stream,  it  has  been  suggested  to  take 
it  in  drain  pipes,  |^  to  1  foot  under  ground,  and  so  let  it  escape  in  this  way 
into  the  subsoil,  where  it  will  be  readily  absorbed  by  the  roots  of  grasses. 
The  fat,  grease,  and  coarser  solids  should  be  intercepted  in  a  proper  trap, 
and  removed  as  found  necessary.  The  liquid  portions  may  be  discharged 
periodically  by  means  of  the  automatic  flush-tank.^  In  a  light  soil  this  could 
no  doubt  be  readily  done ;  and  if  the  drain  pipes  are  well  laid,  a  considerable 
extent  of  grass  land  could  be  supplied  by  this  subterranean  irrigation.  The 
tank  plan  is,  however,  only  adapted  for  a  small  scale,  such  as  a  single  house 
or  small  village,  and  there  should  be  ventilation  between  the  tank  and  the 
house  in  all  cases.  This  plan  is  applicable  to  the  disposal  of  slop  waters  in 
villages,  even  when  the  excreta  are  dealt  with  by  dry  methods. 

This-  is  really  a  modification  of  the  old  cesspit  plan,  which  is  still  in  use 
in  most  rural  districts ;  but  unless  the  cesspit  is  at  a  considerable  distance 
from  any  habitation,  and  far  removed  from  all  sources  of  water  supply,  it 
should  be  replaced  by  a  cemented  tank.  In  any  case  ventilation  and  com- 
plete disconnection  are  absolutely  necessary. 

2.  Discharge  at  once  into  Running  Water. 
All  new  works  of  this  description  are  now  prohibited,  and  the  plan  will 

1  Corfleld,  op,  dtp.  205. 

s  See  Mr  Rogers  field's  evidence,  Annual  Cor^erence  vn  the  Progress  of  Public  Health  at 
the  Society  of  ArU,  1S80. 
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probably  ultimately  cease  in  this  country.^  The  Comity  Coimcils  in 
England  are  now  entrusted  with  power  to  enforce  the  provisions  of  the 
Kivtrs  Pollutioii  Act  (Ltx-al  Government  Act,  1888,  set't  14),  which  it  ia 
hoped  will  be  inoT<i  rapidly  oiirried  out  under  this  administration. 

3.  Discharge  into  tkt  Sea, 

The  outlet  pipe  must  be  carried  to  low  wat^^r,  and,  if  possible,  phmdd  be 
alwitys  und<'r  water.  A  tide  Hap  opening  outwanls  m  ueu^dly  provided.  If 
not  under  water  constantly,  .sptjcial  care  must  he  taken  to  prevent  the  wind 
blowing  up  the  sewers.  The  tide  will  till  tlie  outfall  sewers  (which  are 
gi^nerally  made  large)  to  the  level  of  high  watt-r,  and  to  that  ext-ent  mil 
cheek  tlie  disehaige,  and  in  the  sewers  tilled  with  the  mixed  sea-water  and 
sewage  there  will  l»e  deinisit.  To  remove  this  s|^>ocial  attention  is  neee^ary. 
The  Ix'st  method  is  tt>  conduet  the  sewage  into  a  tjink  or  r<?servoir,  where  it 
can  be  stt^red^  and  discharged  into  the  sea  at  suitable  states  of  the  tide. 
This  phm  ha«  recently  been  a<iopted  at  Margiite  by  Mr  Baldwin  Latham. 

If  the  sewage  eannot  lie  got  w^ell  Lait  to  sea,  antl  if  it  i.ssuea  in  narrow 
channels  it  may  cause  a  nuisance,  and  may  require  to  be  puriHed  Wfore  dis- 
charge. In  tins  Rivers  Pollution  Act  {1876)  power  is  given  to  prohibit  dis- 
cliiuge  into  tlie  sea  or  tidal  waters  under  certain  circmustances.^ 

4.  Pred/ntation, 

Another  plan  is  not  to  pour  the  whole  sewage  into  rivers,  hut  ti>  precipi- 
tate the  solid  part,  or  the  greater  pti>rtion  of  it,  and  tlien  to  allow  the  liquid 
to  pass  into  the  stream  or  over  the  land. 

This  is  somethnes  done  by  simple  sul^sidence,  the  sewage  being  received 
into  settling  reservoii*s  or  trenches,  with  strainers  to  arrest  the  flow^  to  some 
extent.  Wben  the  solid  matt*:'r  has  collected  to  a  certain  amount,  the 
sewage  is  turned  into  another  rt'servoir,  and  the  thick  part,  being  mixed 
with  coal  refuse  or  street  sweepings,  is  sold  as  manure. 

1  When  the  aewa^  pttsfica  iato  a  river  it  imileTgnea  a  considerable  purification  hj  enbKidrace, 
by  the  infltience  of  wat«r  jilaaU,  ami  in  a  iMaer  degr<;«  by  oxidatioa.  Although  wme 
oxidation  of  uitrogenous  oreanic  mattent  into  nitrous  and  nitric  iicids  and  ammonia  inttfit 
take  place,  it  ap|>«tarN  from  Frankland'^  expBrinient'«^  that  in  t\i^  fiver  IrwelU  wbieli  receives 
the  sewage  of  Maiich««t4iri  afttr  a  run  of  11  luilenc,  and  falling  ovL»r  silt  wcira,  there  is  no  for- 
matioQ  0?  nitrites  and  nitrates,  aud  then?  is  even  an  increaw  in  the  nrgiink  niirnf^'en  (?)  though 
the  nuspendeil  niatt<?rs  are  less  (from  28  to  14"4  parta  per  lOO^OOfJJ  than  at  tirsL  Avenge 
Iiondon  stiwage  diluted  with  9  parts  of  water  and  .■iiphoiied  from  onf  vessel  into  another  so  aa 
t-o  represent  a  flow  of  &f)  and  1H2  ruil*»M»  jj^ve  a  percentage  reduL'tion  ia  the  organic  nitrogen  of 
28*4  aud  .33 %3  re«|>ectivdy.  The  oxidation  of  sewage  ftppears,  then,  from  theae  expvrJmeiitA, 
to  take  nlaoe  slowly.  The^st*  exiiennieuti*  were,  however,  not  t^onclusive.  Odhug  does  not 
think  a  long  How  necefiaary  for  ^ewa^^e  oxidation*  On  thi.s  .suhject  lee  the  Hfport  uf  the 
MdrPixtUUtn  Stttntge  IHjtchartjt  V»mmu9jmt,  evideuee  of  Uitliug,  Fraukkn*!,  Tidy,  Abel,  JStc* 
Dr  Letheby  conhlderu  tlmt  oxidation  takea  place  more  rapidly^  and  that  if  sewage  IH  inijod  with 
20  times  itj*  bulk  of  water,  and  Hows  for  9  miles,  it  will  m  jwrfectly  oxidisod/  Of  oonne  it  i» 
clear  that  ova,  and  Holtd  pArt^s  of  the  hody,  like  epithelinrn,  might  be  totally  iinobiltlged  fo? 
lon^  lieriods,*  and  we  nmy  eoutihide  that  oxidation  of  sewage  in  running  water  cannot  be 
di-'pend^nl  on  for  periiict  safety. 

^  The  wonl  •*  6trt3am  "  (into  whieh  Bevrn^  ia  not  to  be  passed)  ii  defined  by  section  20  of 
the  Act»  thuj*  ;--**  Stream  inL-ludes  the  sea  to  such  extent  and  tidal  watera  to  such  jioint  aa 
may,  aiW  local  inquiry  and  ou  ssauitary  grotindrt,  be  det^jrmineil  by  the  Local  Government 
Boanl,  by  order  publmhed  in  the  Lond&n  Gazette.  Save  a«  aforev-iaid,  it  includeH  rivera, 
^triLams,  canals,  lakes,  waterconrsoN,  other  than  watercouraas,  at  the  pik^osiug  of  this  Act, 
mainly  used  an  Hewers,  anil  emptying  directly  into  the  sea  or  tidal  waters,  which  havo  not  been 
determine*!  to  he  streams  within  the  meaning  of  thla  Act  by  such  onJer  aa  aforesaid/' 

*  Rtp6rit  oflh^  Commiitionftg  appointed  ta  inquire  into  the  pollution  of  tiivm't^  ISTO^  toIa.  1.  U.  and  lit 

*  R^tori  oif  Smt  London  W,u^-  Bill  CommiUn  (1^07),  p  4m.  qnestkma  732-4. 

*  Ai  formerly  nientlfjtt«d,  t»r  Parkes  foiiiHj  uuchaniered  eplthi^iiuiti  Jn  unfllu^red  Thame*  water  mtUtt  a 
tiajudl  la  abanfl  of  80  mllejip  and  after  keeping  tot  five  moiitlis,     Jt  wm  U*anJipareut  and  worn,  but  qaitc 

noogniiabto. 
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The  thin  water  which  runs  off  must  1)b  almost  iis  dangerous  as  tlie  sewage 
itself  when  pouird  iiiUi  streams,  and  consequently  the  prohibition  to  dis* 
charge  sewer  witter  extendi  t<>  it  also. 

In  order  U>  produee  greattr  puiitication,  the  sewage  in  the  subsiding  tanks 
is  now  u.snally  mixed  witli  some  ehemleal  tigents  which  may  precipitate  the 
siiiipended  matt<3rs. 

Kumerous  stibataiicer^  have  been  employed  as  precipitantws.^ 
Lirne  Salts. — (Juieklime  {proportion  10  to  16  grains  per  gallon),  or  about 
one  ton  of  lime  for  1,000,000  gallons  of  sewagi '(nearly) ;  chloride  of  lime, 
which    is  added   to   quicklime    in    the    ]jro]Hirtion  of    alwrnt  ^th  ^>ai*t  of 
chloride  Uj  1  of  lime ;  calcic  phosphate  dissolved  in  sulphuric    acid»   or  a  ^"^^T*^    *. 
mixture  of  mono-  and  di-calcic  |ihosphat+3  with  a  littlt3  lime  (Wliittliread's  ^'  *^*^      ■ 
patent),"^  are  said  to  \m  good  precipitant^.     Chloride  of  calcium  has  also  been  '.  fi^^*ct 
recommended.     If   the   effluent  is  made  alkaline  liy  the  addition  of  too     /"^^ 
much  lime,  it  tends  to  undergo  fermentation  and  decomposition. 

Aluminmu  Suhstancea. — Aluminous  earth  mixed  with  sulpliuric  acid 
(Binrs  process) ;  impure  sidphabi  of  aluminum  (Andei-son's  and  Lenk's 
procenSse^) ;  refuse  of  alum-works,  either  alone  or  mixed  with  lime  or 
cJiarcoal ;  clay  mixed  with  lime  (Scott's  cement  process) ;  natural  phosphate 
of  aluminum  dissolveii  hy  suljjhuric  acid  and  mixed  with  lime*  In  all 
these  cases  the  amount  of  the  sid>sUuice  added  is  from  50  tti  80  grains  per 
gallon  of  sewage.     If  the  effluent  is  rendei'ed  aciil,  as  vvlien  crude  sulpliate   ^  | 

of  alumina  is  added,  it  is  less  likely  to  undergu  decomposition.  A  mixture  ^\'''^  ^  m\ 
of  Hme  ami  sulphaU^  of  alumina,  in  the  proportion  of  5  grains  of  each  to  a'*' J  •^^**^  *1 
gallon  of  sewage,  is  said  to  act  l>e8t.  ''  '•!"***     i 

Magneman  i^aUs  mixed  with  lime  in  the  fonii  of  superphosphates  (Blyth) ; 
impure  cliloride  of  magnesium. 

Biack-aftk  wm(e  (Haiisr>n's  patent),  the  residue  from  the  manufacture  of 
WiLshing  sodii  (sodium  carlxjnafce),  has  been  tried,  with  the  addition  of  a 
little  Mme/'     It  is  usi^d  at  Aldershot  (town)  and  in  other  places. 

Carbon  in  the  sliape  of  vegetable  charcoal  ;  peat ;  sea-weed  charcoal ; 
carbonised  tan  ;  ligmte  ;  Boghead  coke  ;  so-ca^lled  jKirous  carbon . 

Inm.  in  the  shape  of  sulphate  ;  [lerchloride  (Kllerman's  and  Dale's  liquid) ; 
the  sul[)hatif  is  B<nnetimcs  mixed  witli  lime  and  conlnhist.     Iron  is  also  some-        +  JJW*a 
times  added  to  lime.     It  is  a  good  antiseptic,  and  prevents  putrefaction  :       )f 
about  one  grain  of  the  protcusnlphate  to  each  gallon  of  sewage  is  required,       j 
with  about  4  grains  of  lime  (Diblin). 

Manganem. — Condy's  fluid  ;  manganate  of  soda  and  sulpliuric  acid  (Dil> 
din's  process).     This  acts  as  an  oxidising  agent- 

Zinc  s)ilphate  and  chloride.  ^ 

The  A, B.C.  pro<je^  (SiUar^a  jmtent)  consists  in  the  addition  of  a  mixture       f  ^ 
of  almn,  hlr>od,  clay,  and  charcoiil,  with  levome  comiM)imd  of  manganese,  ifec.        '| 
to  the  seWiige. 

It  is  now  in  use  at  Aylesbury  and  Kingston,  and  is  said  to  prodtice  tlu^ 
best  effluent  of  any  cberaic4il  system,  which  dws  not  employ  filtration  in  tud 
of  chemicals  ;  the  process  is  a  costly  one. 

*  An  interesting  neeomit  of  the  precipitating  processes  i«  eivvu  in  a  book  caJlai  The  Sewage         ,    , 
(fueifwnt  the  autlior  of  which  haa  nad  th«  advunta^  of  Dr  Letheby's  note-H  nmi  ttimlysea,     A  / 

llflt  of  no  lc*»  than  57  proct'sseA  or  proposals  b  given  at  pftge  38,  from  whitih  it  api^ears  that 
the  tlrsl  prctiipitAnt  was  |iropoAe*ll  ny  Ueboissieii  so  long  ago  a*i  17*52,  and  was  u  niixtiiru  of  ■ 

iw?«t-nU'  of  hm  ami  j>roto-MaipUat4?  oV  iron.     See  also  ^«if«.'rs  by  H*  liobinson  and  P.  Frauklaud        y\ 
ill  Tranj,  Sun.  liiaiihit^f  vol.  x. 

ii  Tliii*  patent  was  fosjn<l  to  ^sq  good  re^Hultn  in  removing  HUH^iended  matters  and  organic 
nitrogen^  and  the  Coiiimitte*  of  the  BritLnh  As.Hociation  considered  the  process  deserved 
**  further  investigation."    It  appear*,  however,  to  have  come  at  present  t«j  a  stAndstill. 

»  Sec  Second  Hfport  of  the  Aot^  Commission  on  Metropolitan  Sewage  Dwchatge^  pih^  W. 
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Mr  W,  Webst-er  hn^  ]>ropoae(l  to  purify  sewage  by  means  of  elect 
the  principir;  cun.siistH  in  Ijri'Mklng  up  the  organic  compounds  of  sewage  into 
their  coustituent  parts^  by  |>assing  an  electrie  current  through  iron  electrodes, 
which  results  in  the  formatioti  of  iron  oxides  and  cbh>rina  The  first  produce 
oxygen  and  the  second  produces  chloric  acid,  whieb  destroys  the  organic 
matter.  A  large  portion  of  the  Bolid  and  dissolved  ini[nirities  is  deposited 
in  the  form  of  shulgo.     This  process  is  now  on  trial  at  Bradford  (1890). 

Polaritf,  or  luaguetic  spongy  oirbon,  has  lately  been  hrougbt  into  use  at 
Ealing,  Acton,  and  Hendon.  The  process  employed  there  consists  in  first 
precipitating  the  bulk  of  the  suspended  and  some  of  the  dissolved  matter  by 
means  of  "  Ferozone/'  (magnetic  ferrous  carbon),  and  then  passing  tbe 
effluent  through  a  filter  of  polarite.  The  process  is  said  tti  answer  weLL 
Sir  Henry  Roscoe  and  Profess*»r  H,  Robinson  both  speak  in  its  favour. 

The  Aniififi^t  process  for  the  treatment  of  sewage  consists  in  mixing 
horringdjriiie  (3  grs.)  with  hme  (30  to  50  grs*  per  gallon)  and  passing  the 
volatile  matters  so  produced,  crunposed  of  amines  and  ammonia  into  crude 
sewage,  which,  it  is  said,  is  complet'ely  sterilised  by  this  means, 

Conder^s  iron  process  is  used  at  Chichester  ami  other  jilaces ;  the  nature 
of  the  iron  compounti  is  not  stated,  but  this  is  applied  in  direct  proportion  to 
the  (|uantity  of  putresciblc  matter  to  be  dealt  with*  It  is  said  to  destroy 
all  smell  and  to  render  both  the  effluent  and  precipitate  inottensive. 

The  dep>fiit  olvtaincd  from  these  processes  is  sometimes  collected  and 
dried  on  a  hot  floor,  a  stream  of  hot  air  being  allowed  also  to  pass  over 
it.  There  is  some  little  dilhculty  in  drying  it,  hut  this  is  now  being 
overcome.  The  sludge,  after  precipitation  with  Imie,  in  Birmingham 
is  spread  uj>on  the  gnnind  and  dug  in  when  partially  dry.  One  acre  a 
week  is  used,  upon  which  500  t^jns  of  sludge  a  day  are  put.  It  is  then 
cropijcd  for  three  years  before  being  again  used.  At  Leyton,  Wimbledi>n, 
and  elsewher*-'  tlie  sludge,  which  cont^dns  90  per  cent,  of  water,  is  prt\ssed  in 
patent  presses  until  it  contains  only  45  per  cent,  of  moisture.  It  is  then  in 
the  form  of  soliil  dry-looking  ciikes,  which  may  l>e  tiiken  for  laying  on  land, 
making  cement,  &xr.  At  Smith iinii>ton  porous  carbon  is  used  to  the  extent 
of  4  grains  a  gallon,  the  effluent  is  expelled  into  tlie  river  by  a  Shone^s  ejector, 
and  the  sludge  by  a  similfir  proceas  is  projected  to  the  corporation  works, 
where  it  is  mixeil  with  road  sweepings  and  ashes.  This  mixtin^.  finds 
a  sale  at  2b,  6d*  a  ton  among  the  fjirmers  in  the  neighbourhood.^  In  general 
the  deposit  appears  to  possess  small  agricultural  value,^  although  it  is 
occasionally  sale4ahlG.  The  profit  is  never  large,  and  in  some  instances  there 
has  been  even  a  loss.  The  clear  watt?r  from  all  these  processes  contains 
ammonia,  together  with  the  soluble  organic  matter,  as  well  as  phosphoric 
acid  (in  mo«t  cases),  and  it  would  thus  appear  tliat  nearly  the  whole  of  the 
substances  which  give  fertilising  power  to  sewage  remain  in  the  effluent 
water. 

The  metallic  precipitants  of  various  kinds  (iron,  zinc,  manganese)  are 
expensive  and  the  least  usefid.  Blytb's  magnesian  process  was  imfavoup- 
ably  reported  on  by  Mr  Way, 

When  the  sewer  water  is  cleared  by  any  of  these  plans,  is  it  fit  to  be  dis- 
charged into  streams?  In  the  opinion  of  some  authorities,  if  the  precipitate 
is  a  good  one  it  may  be  so,  and  it  appears  certain  that  in  some  cases  it  is 


»  Se«  Th4  SHffinser,  Nov.  19,  ISSe. 

t  Thia  never  exceeds  ooe-tbird  of  tiic  the  optical  or  chemical  Vftlne.  Tbws  the  pro«lnct  hy 
Andfiimon's  process  at  Coventry  is  estimated  (hfordically  iit  168.  &Ad.  per  ton  ;  the  practical 
vmlne  it  only  5g.  fid,  to  8s.  4d.  See  Dr  Voelcker'fi  Reports,  in  the  liepoH  t^  a  CommiUee  on 
Joum  Snmae  (1875),  p.  U.  tt  seq* 
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chemically  a  tolerably  good  water,  and  it  will  no  longer  silt  np  the  bed  or 
cause   ft   nuisance.     But   it  still   contains   in   all    ca»es   dissolved   organic  \ 
matters,  as  well  aa  ammonia,  potash,  and  phosphoric  iieid.^     It  lias^  there-  / 
fore,  fertilising  powers  certainly,  and  most  prolmbly  it  has  a1ai:»  injurious  J 
powers.      When  we  consider  how  small  the  agencies  of  the  apecilic  dif^eases  ' 
probably  are^  and  how  likely  it  is  that  they  remain  suspended,  ye  arc  not  in  f 
a  position  to  accept  the  prinriplo  that  any  sewer  water,  after  the  subsidence  j 
bfl^he  deposi^^irttt  be  safe  fo  drinlv.      VV  e  mlisl  aTTopt  here^tlie  plan  which 
isPHie  saTlsnorThe^ifnmnnity ;  and  the  etHuent  water  should  therefore  he 
used  for  irrigation,  or  be  filtered  before  discharge.     The  clear  tluid  Is  well 
adapted  for  market  ganlens  ;  the  plants  grown  as  vegetiibles  for  the  table 
are  sometimes  injured  by  irrigation  with  im purified  ettluent  water. 

In  arranging  any  process^is  for  precipitiition  everything  must  be  as  simple 
as  jx>ssible  ;  there  is  no  margin  for  expenditure  or  complicated  arrange-  ' 
ments,^ 

The  plan  recommended  for  the  treatment  of  the  Thames  sewage,  as 
given  by  the  Rtiyal  Coninussioners  on  Metropolitan  Sewage  Discharge,  was 
to  adopt  some  methwi  of  [precipitation  at  the  outfalls  at  Barking  and  Cross- 
ne^  to  compress  the  sludge  into  cakes,  and  as  a  temporary  measure  let 
the  effluent  pass  into  the  Thames,  This  would  get  rid  of  tlie  solids,  im- 
doubtedly  the  greatest  source  of  nuisance.  The  cakes  might  be  burnt, 
laid  on  low-lying  land,  or  taken  out  to  sea  and  sunk  there.  Ultimately  the 
effluent  oTiglit  to  be  pumjwd  up  to  appropriate  Ian  J,  and  purified  by  inter- 
mittent do^vnward  filtration,  or  by  irrigation,  if  that  should  prf3ve  feasible. 
The  sludge,  left  in  the  bott^nm  of  the  tank  after  precipitation,  may  be  got 
rid  of  by  allowing  it  to  flow  in  a  semi-solid  condition  in  raised  carriers  on 
to  land,  and  tlistributed  over  it,  being  ultimately  dug  into  and  incorporated 
with  the  soil ;  or  it  may  ho  subjected  to  hydraulic  pressure,  getting  rid  of  a 
Iaj*ge  part  of  the  moisture,  and  made  into  solid  cakes,  which  are  sold  as 
man  tire. 

Instead  of  using  the  dried  deposit  as  manure,  General  Scott  proposed  to 
make  cement,  and  for  this  i)urpose  added  lime  and  clay  to  the  sewer  water. 
The  depi-*sit  contains  so  mucli  combustible  matter  that  it  requires  less 
coal  to  burn  it  than  would  otherwise  be  the  case.  General  Hcott  also 
piopcsed  to  use  the  burnt  material  as  manure  to  lime  the  land  in  some 
cases. 

5.  FiUraiion  through  Earthy  Charcoal ,  d*e. 

Intermittent  downward  filtration  is  defined  Ijy  the  Metropolitan  Sewage 
Commission  as  *Hhe  concentration  of  sewage  at  nhort  intervals  on  an  area  of 
specially  choisen  porous  ground,  as  small  as  will  absorb  and  cleanse  it,  not 
excluding  vegetation,  but  making  the  produce  of  secondary  importjince. 
The  intemiittency  of  application  is  a  ifine  qm}  jmn^  even  in  suitably  con- 
stituted soils,  whenever  complete  success  is  aimed  at.  Mr  Dyke,  in  ex- 
plaining the  sj'stfun  employed  at  ilerthyr-TydviP  by  Mr  Bailey-Denton, 

nuaJyses  are  (fivi?n  in  the  Fifit  and  Second  Repvrti  of  (lie  Rit^rs  PolhifioTt  Com' 
•8,  horn  which  it  appear*  that  on  an  average  the  t^hemicul  proce.«wes  remove  81*-8  p<?r 
of  the  Mn.sjjeniltHl  matU'rs,  but  only  3(5 '6  per  cent,  of  the  organit"  nitTogt!ii  disvSolvt;t!  tti  the 
liquid.  Mr  CrookcA'  annlyst's  show  that  the  ABC  process,  wheu  well  carried  out,  reinovea  all 
the  phosphoric  a<  id*  VoclckerV  analysis  of  the  titSuent  water  trented  hy  the  acjd  phosphate 
of  aluminum  shows  that  it  cnntaius  more  aiunionla  than  the  original  ?«ewev  water,  less  orjjanic 
nitrogen  by  one-half^  and  lesH  phosphoric  acid  ;  it  i«  pure  enough  to  l»e  discharf:^^!  into  strt^^nLS, 
s  On  the  suliject  of  precipitAtion  processeii  much  information  will  l>e  found  in  the  Sec^md 
tori  of  the.  Roy.  Com^  on  Metr,  Seimge  Dischargt^  op,  cii.t  aliw)  Sewage  IH^onat,  l»y  W» 
ito  Crimp,  1890. 
i  On  M«  Ofttirmcard  TntermiiinU  FiUmtwn  qf  Sewage  tU  MeHkyr'TydMil^  hy  T.  J.  Dyk«| 
P.ILC.8.  Eng.,  also  B,MJ.,  Aug,  25, 1&S8. 
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layi  down  the  folloAnng  conditions  : — Tliere  bIiouM  be — lirf,  i 
2ndy  an  effluent  drain,  not  less  than  6  feet  from  the  surface  ;  3rt?,  proper 
fall  of  land  to  allow  the  sewage  to  spread  over  the  whole  land ;  and,  iih^ 
divijjiion  of  filtering  area  into  four  parts,  each  part  to  receive  sewage  for  six 
hours,  and  to  have  an  interval  of  eighteen  hours.  He  considera  that  an 
acre  of  land  would  tiike  100,000  gallons  per  day,  equal  to  the  se\vage 
of  3300  people.  At  Merthyr-TydvU  20  acres  of  land  were  divided  into 
beds,  which  sloped  Ui wards  tlje  t^ihuent  drain  by  a  fall  of  1  in  150.  The 
surface  was  ploughed  in  ridgen,  on  which  vegetahles  were  sowti  ;  the  sewage 
(strained)  passed  from  a  carrier  along  the  raiseJ  niargm  of  each  bed  into  the 
furrows.  The  effluent  watf*r  was  statetl  to  be  pure  enough  to  be  used 
for  <lrink.  Smce  1872  broad  imgation  has  been  carried  on  as  well.^ 
Another  case  of  marked  Buccesa  with  intcmiittent  filtration  is  that  of 
Kcudal»  The  best  sod  for  filtration  appears  to  be  a  loose  marl,  containing 
hydratetl  iron  oxide  and  alumina,  but  sand  and  even  cbalk  produce  excel- 
lent results.  But  i«  onler  that  filtration  shall  be  successful  it  is  necessar)' 
that  the  amount  of  tiltcrijig  material  shall  be  large  ;  it  mnst  not  bo  hs^  than 
1  cubic  yanl  for  8  gallons  of  sewage  in  tw^enty-four  honrs,-  and  in  the  case 
,  of  some  soils  must  be  more.  If  the  drains  ai^  G  feet  below  the  surface,  then 
an  acre  will  contain  9680  cubic  yards  of  filtering  material^  and  at  8  gallons 
per  yard  an  acre  would  suffice  for  77,440  gallons,  or  tlio  sewage  of  2870 
people  at  30  gallons  a  head.  Tliese  views  are,  however,  s\ibject  to  some 
mtxlifi cation,  since  it  has  been  more  recently  sliown  that  all  the  oxidation  ia 
carried  ont  in  the  first  two,  or  at  the  outside,  tlirce  feet  of  dci>th.  It  would> 
therefore,  aeem  as  if  we  could  not  greatly  increase  the  amount  of  sewage  in 
proiiortion  to  the  soil,  B^ds  3  feet  in  dei>th  would  prol:>ably  l>e  found  suffi- 
cient Croj^  may  be  grown  on  the  land,  and  indetid  it  is  desirable  that  they 
should  be.  The  Rivei-s  Pollution  Comnussionci's  state  tlmt  one  acre  is 
required  to  purify  the  sewage  of  2000  pei-sons.  According  to  Tidy,  1  acre 
is  sufficient  for  the  sewage  of  from  5000  to  7000,  if  it  has  been  previously 
efficiently  precipitated.^ 

When  the  filters  are  too  email  th€y  fail  to  do  much  good  ;  and  I/etheby 
has  given  analyses  which  prove  that  small  filters  may  be  nearly  usele,ss.  It 
appears  undesirable  to  us<^  charcoal  filters  on  this  account,  and  all  filtration 
through  cliarcoal  hitherto  has  been  a  failure.^  S}ifmgt/  iron  aud  the  mag- 
netic spong>'  ciirbon  litive  been  lately  very  strongly  reconmicudiML 

Filtration  may  be  downwards  or  iipMards,  but  the  former  kind  is  much 
more  efficacious.     UpwanI  filtration  may  be  said  to  l)e  now  abandfjned. 

VondUkm  of  the  Effluent  Water. — When  5*6  gallons  of  sewage  were 
filt<Ted  in  twenty-four  hours  through  a  cubic  yard  of  ejtrth,  it  was  foimd  by 
the  Rivers  Pollution  Commissioners  that  the  organic  carbon  was  reduced 
from  4*386  parts  to  0*734,  and  the  organic  nitrogen  from  2*484  jmrts 
to  0'108  parts    in   100,000.     Tho  whole   of   the  sediment  was   removed. 


*  Rcpf/ri  on  Toum  Sewage. 

*  The  Rivtrft  Pollution  Com  mission  crs  give  a  smaller  aniomit,  %'t:-  ''  '^  -  t  cubic 
ywtl  ;  but  some  of  iht'ir  ex[»eiiiui.'Uts  seem  to  ?^how  that  we  mus»t  ih-i  if.  For 
exaitij>l«,  the  "ioil  at  Beddiiijtftoii  wa«  iouud  liy  them  to  have  a  riimaiK  :  iiitrifica- 
tioii  tip  to  the  extt'ut  of  7li  gjillouri  per  cuVac  yard  in  twt^nty-four  bourb,  Bui  whtu  tliis  rate 
was  tloiihk'd  iiitrificatioa  ct^a&ed,  Aud  the  .soil  becAiiie  tkigged.  Tlie  btwt  Mil  expi-rimentiid  on 
(Diirsley  >«oil)»  cout^iuiuc  43  of  silita  and  18  of  oxide  of  iron,  imritied  9&  gallouji  in  twenty* 
four  hours  per  cubic  yard.  But  aa  f€W  soils  woiild  be  so  good,  the  limit  of  8  gallont  ia  Mlttctad 
ixi  Ihe  text, 

»  Jfntmal  of  Society  qf  Arts,  Oct.  1880. 

4  Jamrand  TiirJey's  chftreoAl  tiltruiion  process  is  being  trie+l  at  Halifni  (July  1889),  And 
BO  far  UTe  rondts  appear  to  be  ^lucceMsfuL  and  Ibc  proccKS  an  ocouomical  oae,  dee  Sanitarif 
i?«>on<,  1889. 
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Nitrates  and  nitrites,  which  did  not  exist  before  filtration,  were  found 
afterwards,  showing  oxidation. 

6.  Irrigation} 

By  irrigation  is  meant  "  the  distribution  of  sewage  over  a  large  surface 
of  ordinary  agricultural  ground,  having  in  view  a  maximum  growth  of 
vegetation  (consistently  with  due  purification)  for  the  amount  of  sewage 
supplied."  It  is  essential  that  the  sewage  should  not  merely  run  over,  but 
through,  the  land,  before  passing  out  as  an  effluent.  For  this  purpose  it  is 
desirable  that  the  sewage  should  be  brought  to  the  land  in  as  fresh  a  state  as 
possible.  In  some  cases,  as  at  Carlisle,  carbolic  acid  in  small  quantities  has 
been  added  to  the  sewage  in  its  flow  for  the  purpose  of  preventing  decom- 
position, and  the  plan  appears  to  be  efiectual.  The  sewage  is  usually  warmer 
than  the  air  at  all  times,  and  will  often  cause  growth,  even  in  winter. 

The  eflfect  on  growing  plants,  but  especially  on  Italian  rye-grass,  is  very 
great ;  immense  crops  are  obtained,  although  occasionally  the  grass  is  rank 
and  rather  watery.  For  cereals  and  roots  it  is  also  well  adapted  at  certain 
periods  of  growth,  as  well  as  for  market  vegetables  when  the  viscid  parts 
are  separated.  When  the  sewage  permeates  through  the  soil  there  occur — 
Ifi/,  a  mechanical  arrest  of  suspended  matters ;  2nd,  an  oxidation  producing 
nitrification,  both  of  which  results  depend  on  the  porosity  and  physical 
attraction  of  the  soil,  and  on  the  influence  of  micro-organisms ;  and,  3re?, 
chemical  interchanges.  The  last  action  is  important  in  agriculture,  and  has 
been  examined  by  Bischof,  Liebig,  Way,^  Henneberg,  Warrington,^  and 
others.  Hydrated  ferric  oxide  and  alumina  absorb  phosphoric  acid  from  its 
salts,  and  a  highly  basic  compound  of  the  acid  and  metallic  oxide  is  formed. 
They  act  more  powerfully  than  the  silicates  in  this  way.  The  hydrated 
double  silicates  absorb  bases.  Silicates  of  aluminum  and  calcium  absorb 
ammonia  and  potassium  from  all  the  salts  of  those  bases,  and  a  new  hydrated 
double  silicate  is  formed,  in  which  calcium  is  more  or  less  perfectly  replaced 
by  potassium  or  ammonium.  Humus  also  forms  insoluble  compounds  with 
these  bases.  Absorption  of  potash  or  ammonia  is  usually  attended  with 
separation  of  lime,  which  then  takes  up  carbonic  acid. 

The  best  kind  of  soil  is  a  friable  loam ;  but  other  soils,  such  as  sands, 
gravels,  &c.,  when  properly  managed,  are  capable  of  purifying  sewage. 

The  soil  must  be  properly  prepared  for  sewage  irrigation  ;  either  a  gentle 
slope,  or  a  ridge  with  a  gentle  slope  on  each  side  of  about  30  feet  wide,* 
with  a  conduit  at  the  summit,  or  flat  basins  surrounded  by  ridges,  are  the 
usual  plans.  The  sewage  is  allowed  to  trickle  down  the  slope  at  the  rate  of 
about  8  feet  per  hour,  or  is  let  at  once  into  the  flat  basin.  The  water  passes 
through  the  soil,  and  should  be  carried  off  by  porous  earthenware  under- 
drains  from  5  to  6  feet  deep,  and  from  20  to  100  feet  apart,  according  to  the 
porosity  of  the  soil,  and  thence  into  the  nearest  water-course. 

The  sewage  should  reach  the  ground  in  as  fresh  a  state  as  possible ;  it  is 
usually  run  through  coarse  strainers  (and  this  is  always  advisable),  to  arrest 
any  large  substances  which  find  their  way  into  the  sewers,  and  to  keep  back 

1  On  the  application  of  sewase  to  land  many  works  have  been  published.  Dr  Corfield's 
work  on  the  Treatment  and  UtttUcUion  of  Sewage^  3rd  edition,  and  the  Report  of  the  Committee 
qfthe  British  Association^  1872,  give  the  best  summary  of  the  subject  up  to  the  date  of  publi- 
cation.    Also  the  Report  of  the  Committee  on  Town  Sewage,  1876. 

•  Journal  of  Royal  Agricultural  Society y  vol.  xi. 

'  Chemical  News^  May  1870.  Warrington's  paper  gives  a  good  resume  of  the  subject,  with 
many  original  experiments,  and  can  be  consulted  for  full  details. 

4  This  was  the  arrangement  of  Mr  Hope's  farm  at  Romford. 
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the  grosser  f>arts  whicli  form  a  stum  over  the  kmd  ;  It  is  tlien  recoived  into 
tanks,  whence  it  is  carrieil  to  the  land  l>y  gravitsition,  or  is  pumped  up ;  but 
this  Ititter  is  costly.  Tlio  "  caiTiers  "  of  the  sewer  water  are  either  simple 
treni'hes  in  the  gronnd,  or  Ijrick  cidverts,  or  concreted  channels,  and  hy 
means  of  simple  dams  and  gates  the  water  is  direct-iid  iiito  one  or  other 
channel  as  may  be  required.  Everytliing  is  now  made  as  simple  and  inex- 
pensive as  possilde — nndergronrid  channels  and  jets,  hydrants,  hose  and  jets, 
are  Ux)  expeiij^iive,  and  overweiglit  the  plan  with  nnnecessary  outlay. 

The  amount  of  land  required  is,  on  an  average,  1  acre  to  100  persons; 
this  is  equal  to  a  &cpiare  of  70  yards  to  the  side,  and  will  take  2000  gallons 
in  twenty-four  hours,  Liiter  experience  seems  to  show  that  with  proper 
management  less  land  is  required.  Dr  A.  Carpenter,  from  experience  at 
Croydon,  beheves  that  an  acre  might  suffice  for  300  persons  and  even 
more. 

The  sewage  is  applied  intermittently  when  the  plants  are  growing ;  but 
in  winter  it  is  sometimes  used  constantly,  so  as  to  store  up  nourishment  in 
the  soil  for  the  plant^growth  in  the  spring. ^ 

The  ji mount  iff  sewage  which  can  be  applied  will  vary  with  the  kind 
of  gi'ouTid,  the  amount  of  rain,  and  the  season  of  the  year.  In  the  year 
1871,  it  appears  thsit^  on  the  Lodge  farm  at  Barking,  622,324  tons  of  scw^age 
were  applied  to  163  acres  (nearly),  or  about  380O  tons  per  acre.  In  the 
sixteen  months  ending  DecemTjer  1872,  the  average  quantity  was  3342  tons 
per  acre  annually.  On  the  most  porous  part  of  the  farm  as  much  as  960 
tons  have  been  apphed  in  twelve  hoiirs.^ 


Cowiitton  of  the  E (fluent  Water  after  Iirigatimh 

When  the  sewer  water  passes  over  and  not  through  the  soil,  it  is  often  very 
impure,  and  even  suspended  mftttera  of  comparatively  large  size  (such  aa 
epithelium)  have  been  found  in  the  water  of  the  stream  into  which  it  flows. 
It  refpiireji,  therefore,  that  care  shall  he  taken  in  every  sewage  farm  that 
the  winter  sliaC  not  escape  too  soon.  Dr  Ijt^theby,'*  whose  authority  on  such 
a  question  n<  >  one  can  doubt,  rated  the  cleansing  power  of  soil  much  lower 
than  the  Rivers  Pollution  Commissioners  or  the  Committee  of  the  British 
Ass(X'iation,  and  his  analyses  make  it  at  any  rate  quit©  certain  that  tlie 
prop**r  purilication  of  the  sewage  demands  very  careful  preparation  of  tlie 
ground  in  the  first  instimce,  and  constant  care  afterwards.  But  the  chemical 
evidence  of  the  good   et!eet  of  irrigation  is  tcK)  strong  to  admit  a  doubt 


*  Sm  Ml  intorestiiig  paper  on  the  **  UtiliHatba  of  tlie  Sewage  of  Paris/*  by  SaiHlfonl  Moore, 
B*A,,  A 8«iKt -Surgeon,  4tli  Dragoon  (jEiards  (now  Briga*le-8«rgeou,  retireil),  Mfdual  Ttm^j 
and  Ofis^tte^  .Tnne  1870,  In  the  KUtinner  "  arroHaife  "  U  practiced:  tbe  land  is  pIoiigh«tl  in 
furrows  and  riilges,  an*I  the  water  is  aUowed  to  Sow  into  the  furrows,  and  not  allowed  to 
Wet  th«  vegetAbk"*  which  sire  plantud  on  th«  ridges.  Iti  winter  *' colmntage  "  is  had  recourse 
to;  the  ri<lgeK  are  levelled,  und  th»?  entire  scrlace  in  ftubmerg^d  under  sewa^'e  watt»r.  For 
tletailed  infonuntion,  see  thi^  Kt^jiort  of  the  Prefecture  of  the  Siiinc,  Sttr  VA»mini&%anriU  t/r  la 
Stfine,  An  abstract  is  given  in  the  AnmiUjt  dft  IhmfA  rl  CfutwtsSeSf  and  lit  tmualated  by  IL 
Mannint?,  M  IA\E.  <E  niid  F,  N,  Spon.)»  1876.  At  Oeuiievilliers  20  milliouit  of  cnbic  metrws 
of  s'  V.  •  .'  1  u}  now  treat^Ml  annually  by  irritation,  but  thi'  Seuie  is  still  alximinnbly  pollut4?d, 
and  ••n  in  istntifd  to  I>t'  iiunvisiTig  (1889).  In  its  course  through  Paris  the  river 
recti.  H'twefii  iri»0O0  and  ld,tKiO  tiii-ic  metres  of  sewer  water  frnui  thi"  islaudsi.  and 
b«low  LUe  city  it  has  bt-eti  calculated  that  3*25,000  cnbic  metre*  flow  into  the  Seine  cwry  ilay. 
Tbwe  ninounis  diittharged  into  the  fttrt'am  ma-ke  up  two-thinlM  of  the  sewage  of  Paris  <  Amould, 
0|>.  ctL,  p.  780),  At  Brussidn  the  Sttine,  during  it^  pa^»Mlge  througli  the  city,  is  no  longer  used 
aa  Uie  umio  sewtT,  and  allhou^'h  the  sewage  ii*  utill  poured  into  it  at  a  lower  point,  it  will  ulti- 
mjitcly  be  disposed  of  by  irrigation. 

*  Mr  Morgan's  Report,  tiuoted  in  Footl,  Air^  ami  IVaier^  Dec.  1871. 
»  The  Sewage  i/ite^UoHj  1872,  pp.  3-27. 
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to  exist,  as  may  be  seen  from  the  table  given   by  the  Rivers  Pollution 
Commissioners.^ 

The  results  are  much  better  than  those  of  any  chemical  precipitant, 
although  they  are  not  quite  so  good  as  the  downward  filtration  plan.^ 

Do  Sewage  Irrigation  Farms  affect  tlie  Public  Health  or  Public  Comfort  f 

That  sewage  farms,  if  too  near  to  houses  and  if  not  carefully  conducted, 
may  give  oflf  disagreeable  effluvia  is  certain ;  but  it  is  also  clear  that  in  some 
farms  this  is  very  trifling,  and  that  when  the  sewage  gets  on  the  land  it  soon 
ceases.  It  is  denied  by  some  persons  that  more  nuisance  is  excited  than  by 
any  other  mode  of  using  manure.  As  regards  health,  it  has  been  alleged 
these  farms  may — let,  give  oflf  effluvia  which  may  produce  enteric  fever j  or 
dysentery,  or  some  allied  aflfection;  or,  2ndy  aid  in  the  spread  of  entozoic 
dLseases ;  or,  3rd,  make  groimd  swampy  and  marshy,  and  may  also  poison 
wells,  and  thus  afifect  health. 

The  evidence  of  Edinburgh,  Croydon,^  Aldershot,  Rugby,*  Worthing, 
Birmingham,  Berlin,^  Romford,  the  Sussex  Lunatic  Asylum,®  is  very  strong 
against  any  influence  in  the  production  of  enteric  fever  by  sewage  farms' 
effluvia.  Dr  Clouston  records  an  outbreak  of  dysentery  in  the  Cumberland 
Asylum;  but  the  disease  appears  to  have  been  caused  by  the  inefficient 
manner  in  which  the  irrigation  was  carried  out,  rather  than  to  the  process 
itself.''     Letheby^  also  records  an  outbreak  of  enteric  fever  at  Copley,  when 

1  The  standard  of  purity  which  effluent  water  should  have  has  not  yet  been  fixed.  That 
proposed  by  the  Rivers  Pollution  Commissioners,  which  is  based  on  the  method  of  analysis 
proposed  by  Dr  Frankland,  and  which  is  not  yet  universally  admitted,  was  as  follows : — 

Standard  of  Rivers  Pollution  Commissioners.    Maximum  qf  Impurity  permissible  in  100,000 
parts  by  weight  q/*  the  liquid. 


Dry 

mineral 

matter  In 

suBpension. 

Dry 
organic 
matter  In 

Colour. 

In  Solution. 

Organic 
carbon. 

Organic 
nitrogen. 

Any  metal  ex- 
cept Calcium, 
Magnesium, 
Potassium,  or 
Sodium. 

Arsenic. 

Chlo- 
rine. 

Sulphur 
a8SHs,or 
sulphate. 

3 

1 

Shown  in  a 
stratum  of 
1  inch  in  a 
white  plate. 

2 

0-3 

2 

005 

1 

1 

A  certain  decree  of  acidity  or  alkalinity  is  also  ordered  not  to  be  surpassed.  In  the  discus- 
sions on  the  Public  Health  Bill  in  the  House  of  Commons  this  standard,  which  had  been 
embodied  in  the  Bill,  was  struck  out,  and  the  standard  is  left  to  be  hereafter  determined. 
(No  standard  is  given  in  the  Rivers  Pollution  Act  of  1876).  The  objection  to  the  plim  is  not 
merely  the  doubt  about  the  substances  represented  by  organic  carbon  or  nitrogen,  but  also 
because  the  standard  does  not  take  into  consideration  the  volume  of  water  into  wnicn  the  foul 
water  flows.  The  Thames  Conservancy  Commissioners  adopt  a  standard  for  effluent  sewage  as 
follows : — 

Must  not  exceed  in  70,000  parts.  In  100,000. 

Suspended  matters 3       parts.  4*3 

Total  solids, 70         „  1000 

Organic  carbon, 2  ,,  3*0 

„       nitrogen, 0*75     ,,  1*1 

3  On  the  disposal  of  sewage  a  large  amount  of  information  will  be  found  in  the  First  and 
Second  Reports  of  the  Royal  Commission  on  Metropolitan  Sewage  Discharge^  1884-5 ;  see  also 
Corfield's  work,  op.  cit.,  3rd  ed.,  1887. 

*  Carpenter,  various  papers  and  essays  on  this  subject  drawn  from  the  experience  of  Croydon 
Sewage  Farm. 

*  B.M.J^  1870.  8  Corfield,  op.  cit.,  p.  451. 

*  Dr  J.  W.  WUliams,  BrU.  Med.  Journal,  11th  May  1872. 
7  Med.  Times  and  Gazette,  June  1865. 

*  The  Sewage  Question,  p.  190. 
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a  meadow  was  irrigated  with  the  brook  water  containing  the  sewage  of 
Halifax. 

The  negative  evidence  is  so  strong  as  to  justify  the  view  that  the  effluvia 
from  a  well-managed  sewage  farm  do  not  produce  enteric  fever  or  dysentery^ 
or  any  affection  of  the  kind.  At  Eton,  where  some  cases  of  enteric  fever 
were  attributed  to  the  effluvia,  Dr  Buchanan  discovered  that  the  sewer  water 
had  been  drunk  ;  this  was  probably  the  cause  of  the  attack. 

With  regard  to  the  second  point,  the  spread  of  entozoic  diseases  by  the 
carriage  of  the  sewage  to  the  land  was  at  one  time  thought  probable,  though 
as  solid  excreta  from  towns  have  been  for  some  years  largely  employed  as 
manure,  it  is  doubtful  whether  the  liquid  plans  would  be  more  dangerous. 
The  special  entozoic  diseases  which  it  is  feared  might  thus  arise  are  Tapeworms^ 
Round  wonm.  Trichina^  Bilharziay  and  Distoma  hepaticum  in  sheep.  Cobbald's 
latest  observations  showed  that  the  embryos  of  Bilharzia  die  so  rapidly 
that,  even  if  it  were  introduced  into  England,  there  would  be  little  danger. 
The  Trichina  disease  is  only  known  at  present  to  be  produced  in  men  by  the 
worms  in  the  flesh  of  pigs  which  is  eaten,  and  it  is  at  least  doubtful  whether 
pigs  receive  them  from  the  land.  There  remain,  then,  only  Tapeworms  and 
Round  worms  for  men  and  Distoma  hepaticum  for  sheep  to  be  dreaded.  But, 
with  regard  to  these,  until  positive  evidence  is  produced,  this  argument 
against  sewage  irrigation  may  be  considered  to  be  unsupi)orted.  It  is  not 
improbable  that  alkaline  sewage  may  destroy  organisms,  like  the  ova  of  tape- 
worms, whose  natural  habitat  is  the  acid  secretion  of  the  human  intestine. 
An  epidemic  of  "  Enterocolitis,"  due  apparently  to  the  presence  of  Tricho- 
cepluiltis  occurred  at  Pierrefeu  (Var)  amongst  the  patients  of  an  asylum. 
Between  Jan.  1888  and  March  1889  there  were  137  cases  amongst  the  inmates 
(more  than  half),  together  with  17  employh.  There  was  no  epidemic  outside 
the  asylum.  It  was  attributed  to  the  watering  of  the  gardens  with  sewage 
water ;  the  use  of  the  vegetables  was  stopped,  and  the  illness  ceased,^ 

The  third  criticism  appears  to  be  true.  The  land  may  become  swampy, 
and  the  adjacent  wells  poisoned,  and  disease  (ague  and  perhaps  diarrhoea 
and  dysentery)  be  thus  produced.  But  this  is  owing  to  mismanagement, 
and  when  a  sewage  farm  is  properly  arranged  it  is  not  damp  and  the  wells  do 
not  suffer. 

Objections  to  Sewers, 

The  main  objections  are  as  follows : — 

1.  T/iat,  as  underground  cJiannels  connecting  houses,  they  allow  transference 
of  effluvia  from  place  to  place, — The  objection  is  based  on  good  evidence,  but 
it  must  be  said  in  reply  that,  if  proper  traps  are  put  down,  and  if  air  discon- 
nection, in  addition,  is  made  between  the  outside  drains  and  the  house  pipe, 
such  transference  is  impossible.  The  objection  is  really  against  an  error  of 
construction,  and  not  against  the  plan  .as  properly  carried  out.  Besides,  the 
objection  is  equally  good  against  any  kind  of  sewer,  and  yet  such  under- 
ground conduits  are  indispensable. 

2.  That  the  pipes  bi'eak  and  contaminate  the  ground, — This  is  a  great  evil, 
and  it  requires  care  to  avoid  it.  But  such  strong  pipes  are  now  made  that, 
if  builders  would  be  more  careful  to  make  a  good  bed  and  to  connect  the 
joints  firmly,  there  would  be  little  danger  of  leakage,  as  far  as  the  pipe 
drains  are  concerned,  and  not  much  damage  of  the  main  brick  sewers.  All 
pipes,  however,  ought  to  be  actually  and  carefully  tested  after  being  laid  and 
before  being  covered  in,  otherwise  it  is  impossible  to  ensure  their  being 
water-tight,  even  when  everything  is  sound  to  all  appearance. 

1  International  Hygienic  Congress  at  Paris,  1889. 
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3.  Tliat  the  water  Bupply  is  comtartily  in  danger  of  cQ7UaTiiiniition.—T\i\^ 
also  is  trup,  and  as  long  as  overflow  pipes  from  cisterns  are  carrieil  into 
«ewors,  anil  builders  will  tiot  take  care  to  make  a  complete  separation  between 
water  pipes  and  refuse  pipes,  theTe  is  a  sonree  of  danger.  But  this  is  again 
clearly  an  error  in  constructive  detail,  and  is  no  argument  against  a  proper 
arrangement. 

On  the  Influe^'ce  thk  Construction  of  Sew^ers  has  hab  on  the 
Death-Rate  of  Towns. 

Eeference  has  already  been  made  to  the  possibility  of  sewers  being  the 
ckannels  l>y  which  ent<3ric  fever  and    cholera  have  been  propagated  from 
bouse  Uj  house,  and  from  which  emanations,  causing  diarrhoea  and  other 
complaints,  rnay  arise.     Admitting  the  occasional  occurrence  of  such  eases, 
it  remains  to  be  seen  whether  the  sanitary  advantages  of  sewers  may  not 
greatly  counterbalance  their  ilefecte.     The  difficulty  of  proving  this  point 
statistically  consists  in  the  number  of  other  conditiotm  a^ecting  the  health 
of  a  town  in  addition  to  those  i»f  sewerage.     Dr  Buchanan  *  lias^  however, 
given  some  valuable  evidence  on  this  point,  which  has  been  well  commented 
on  by  Sir  J,  Simon.     He  inquired  into  the  tx>tal  death-rate  from  all  causes, 
and  the  death-rate    from  some    particular    diaeiLsps,  in    twenty-live   to^v^ls 
lw?fore    and    aft4?r    sanittu'y  improvements,    which  c«tnsisted    prmcipally  of 
better  wat4?r  supply,  sewerage^  and  town  conservancy.     The  general  result 
is  to  show  that  these  sanitaiy  Lmprovements  have  r«?sulted  in  a  lowering  of 
the  death-rate  in  nineteen  out  of  twenty-live  towns,  the  average  reduction 
in  these  nineteen  cases  being  10%5  per  cent.     The  reduction  of  enteric  fever 
■kras  extremely  nmrke<l,  and  occurred  in  twenty-one  towns  out  of  twenty- 
"four J  the  average  reduction  being  45  4  per  cent,  in  the  deaths  from  enti^ric 
fever*     In  three  cases  there  Wiis  an  aiigmenttition  of  enteric  fever,  but  this 
was    manifestly  owing   to  imperfection  in  the  sewerage  arrangemetits ;  and 
these  crises  aiford  excellent  instances  of  the  unfavourabh_^  part  badly-anunged 
Mewors  may  play  in  this  dirtntion,-       Soyka^  has  given    some  intere.sting 
Bltatistic.*^  of  German  tr«wns  with  regard  to  this  point.      In  Hamburg  the 
enteric  deaths  per  1000  totfd  deaths    have    fallen   from  4 8 '5  to  10*5;  in 
Dantzig  from  2(j'5  to  2*3.     In  Munich  the  enteric  deaths  per  1000  living 
have  fallen  from  M5  (1866-1880)  to  0*16  (1881-1888),  the  city  dminago 
having  been  completed  in  1888  :  the  sudden  lowering  took  place  imme- 
diat+dy  after  the  drainage  was  completed :  the  new  water  supply  was  not 
provided  until  some  years  after.* 

Diarrhoea  has  also  been  reduced,  but  not  to  such  an  extent ;  and  in  some 
t/tnvns  it  hsis  increased  while  enteric  feVer  has  simidtaneously  diminished.^ 
But  the  term  diarrhcca  is  so  loosely  used  in  the  returns  as  to  make  any 
deduction  uneertam.  Cholera  epidemics  Dr  Buchanan  considers  to  have 
been  rendered  **  practically  haniiless.'*  The  immense  significance  of  this 
stat**nient  will  be  at  once  appreciated.  Whether  the  result  is  owing  solely 
to  the  sewerage  or  to  the  improved  water  supply,  whicli  is  generally  obtained 
Lat  the  same  time,  is  not  certain.  Phthisis,  which  Dr  Buchanan  and  Dr 
^Bowditeh''   find  to  be  so  much  infliienced  by  dampness  of  stiil,  does  not 

I  NifUk  Report  qf  ths  Medk^  Offlaer  to  thf  Prit^  Council,  p,  12  el  seq.  awd  i^.  40. 
«  B+'-  *'  nf  Worthing  (p*  46,  Ninth  Report^  &c.,  op.  ciL),  for  a  Htiiking  liutAiice  of  the 

wpron  i  (iivvt  through  sewers. 

»  i/  rfgIJ,/Ur  Ofi,  OeJi.,  Baml  liv.  Heft  1,  1882,  p.  33. 

*  Ji.MJ,,  Feb.  1^,  1889. 

*  Virchow  has  c&lled  atteiitiaa  to  this  leiiBctiitijt:  of  enteric  fever. 

*  Ninth  and  Tenth  Rep^wU  of  the  Medical  Oficer  to  the  Privjf  CounctL    See  especially  Dr 
BqoImiuui's  Ile[>ort  in  the  lajd-oanied  work,  p.  57. 
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appear  to  have  been  affected  by  tbe  removal  of  excreta  per  sfj — at  least 
towns  such  as  Alnwick  aDil  Brynmawr,  which  are  thLirouglily  drained, 
show  no  lowering  in  the  phthisical  mortality.  Nor  could  Vt  Buchanan 
trace  any  eifect  on  the  other  dlstnises  of  tlie  Kings. 

As  far  as  cnn  he  seen,  tlie  effect  of  good  sewerage  has  therefore  been  to 
reduce  the  general  death-rate,  es[)ecially  by  the  reduition  of  deaths  from 
enUiric  fever  and  from  cholem  (and  in  some  towns  from  diarrho'a),  but 
partly,  in  all  probability,  by  general  improvement  of  the  healtlL  The  action 
has  been,  in  fact,  very  much  in  the  direction  we  might  have  anticipated. 

It  may  be  observed  that  this  iiic|niry  by  Dr  Buclianaii  does  not  deal  with 
the  question  as  between  sewers  and  efficient  dry  methods  of  removing  excreta 
(on  which  point  we  possess  at  preseut  no  evidence),  hut  between  sewerage 
and  the  old  system  of  cesspools. 

Modifications  of  the  Wet  IMethod  of  Rkmovikg  ExcRnrrA. 
The  Separate  System. 

By  this  tenn  is  meant  the  arrangement  which  carries  the  rain-water  in 
separate  channels  into  the  most  convetiient  w^ater-coursc.^  Mr  Ward'* 
celebrated  phrase,  "the  rain  Ut  the  river,  the  sewage  to  tlie  soil,"  ^^  the 
principle  of  this  plan.  Its  advantages  are  that  the  sewers  can  he  Bmafler ; 
that  the  amount  of  sewer  water  to  be  tlealt  with  at  the  outftow  is  much  le-s» 
in  quantity,  more  regular  m  tlow,  more  uniform  in  composition,  and  richer 
in  fertilising  ingrcdienlSj  and  is,  therefore,  more  easily  and  cheaply  dispfjsed 
of.  The  grit  and  debris  of  the  roads  also  are  not  carried  int^j  the  sewers  ; 
and  the  storm  watt^rs  never  Howl  the  houses  in  tlie  low  jmrts  of  the  ttnvn. 

The  disadvantages  are,  that  separate  ehamiels  and  pipes  have  to  be  pro- 
vided lor  the  mill ;  that  the  rain  from  all  large  cities  carries  from  rtxjfs  tuid 
from  streets  much  organic  debris  which  pollutes  streams,  and  that  the  scoa> 
ing  etfect  of  the  rain  on  sewers  is  lost,  though  this  last  is  a  very  questionable 
^  objection* 

The  ado])tion  of  one  or  other  system  will  probably  depend  on  local  condi- 
tions. If  a  t«wn  in  Eurojje  lies  low,  and  it  is  expensive  to  lift  sewage ;  if 
land  cannot  be  oljUiined ;  or  if  the  natural  contour  of  the  groimd  is  very 
favourable  for  the  flow  of  rain  in  one  direction,  while  it  is  convenient  to 
carry  tlie  sewage  in  another,  the  separate  system  would  be  the  best.  So 
also  in  the  tropics,  with  a  heavy  rainfall  ami  a  long  dry  season,  the  providing 
of  sevrers  large  enough  to  caiTy  off  the  rain  would  be  too  expensive  for  aU 
except  the  richest  cities,  and  the  disposal  of  the  st^jrm  w^ater  would  be 
difficult.  -^ 

'  In  all  cases  in  which  rain  enters  tlie  sewers,  some  plan  ought  to  be 
adopted  for  stonu  waters,-  If  irrigation  is  the  plan  carried  outr  the  sewage 
liecomes  so  dilute  and  so  large  in  quantity  in  storms^  that  the  application 
to  land  is  usually  suspended,  and  tlic  sewage  is  allowed  to  pjiss  at  once 
into  streams. 

In  tins  way  the  cvii  which  irrigation  is  intended  Uj  prevent  is  produced^ 
thougli,  duulitless,  the  sewage  is  highly  dilute.  In  L.f)ndtjn  the  storm 
waters  mingle<l  wnth  sewage  are  alloweil  to  How  into  the  Thames,  special 
openings  being  provided. 


1  On  thb  subject  tbe  works  of  Mr  Mensiea,  who  ftnt  described  thi^t  plju),  tmd  of  Colonel 
Ewnrt,  HE,  {Itfptyrt  on  tkd  Drainetffe  qf(k/ordt  Biott^  Windnor^  and  Abingdon,  1868),  will 
bv*  fotUi^l  very  Uneful, 

^  PUn»  for'thJN  purfiosi*  »re  figured  and  dosoribed  ia  the  works  on  Sanitary  Enginteringf  by 
Baldwin  L4tbiuu  and  BaOey-DeutoQ. 
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Tkt  Interceptwfi  Sydem, 

In  many  of  the  continenttil  cities  the  fluid  and  solid  excreta  fall  into  a 
receptacle  with  fK^rfomted  sides  or  liott^tm,  m  that  the  fluid  part  dniiiia 
away  and  the  m\it\  is  retiiined,  and  is  rt-inoved  fn»ni  time  to  time.  Such  a 
plan  may  keep  th*^  sewers  free  hoiii  de[Kisit,  hut  hcLs  the  great  disadvantage 
of  retaining  large  collections  of  cxereta  elose  to  ami  in  many  eaRes  imme- 
diately Tinder  or  in  the  cellars  of  houses,  and  no  ventilation  can  entirely 
remove  ali  efllnvin. 


Dhy  Methods,^ 

The  nse  of  sewers  ami  removal  by  water  are  in  many  cases  impracticable. 
A  fall  cannot  he  ohtoined  ;  or  there  is  insufficient  water ;  or  the  severity  of 
the  climate  freezes  the  water  for  months  in  the  year»  and  removal  by  its 
means  cannot  be  attenipt^^d.  Then  either  the  excreta  will  accumulate  about 
houses,  or  must  Ije  removed  in  substance  daily  or  periodically.  Even  wlien 
water  is  ahmidaut,  and  sewers  can  be  made,  many  agriculturists  are  in 
favour  of  the  ilry  system,  as  giving  a  more  valuable  fertilising  prixluct; 
and  various  plans  are  in  use. 

It  is  not  necessary  to  consider  here  the  employment  of  cesspools,  deiid- 
wells,  &c.,  as  such  plans  must  be  considered  quite  insanitary,  and  should 
bcj  if  possible,  discontinued.  If  excreta  are  ever  allowed  to  accumulate,  it 
should  be  in  properly  prepared  recejitacle^,  and  after  admixture  with 
deodorants. 

Removal  without  Admixture, 

In  some  cases  the  solid  and  liquid  excretfi  pass  into  boxes  or  tanks,  which 
are  emptied  daily,  or  froni  time  to  time,  and  the  sewage  is  at  once  applied 
to  land  without  further  treatment  In  Glasgow  the  excreta  from  one  part 
of  the  town,  containing  80,000  people,  are  now  removed  every  daiy  mthout 
admixture,  except  witli  the  garbage  from  the  houHesi,  and  are  sent  long 
distances  at  a  profit^  If  the  removal  can  1jc  made  daily,  the  plan  is  a  good 
one  ;  the  manure  should  not  be  applied  in  the  immetliate  neighbourhood  of 
dwellings,  and  the  Barrack  Commissioners  have  ordered  that  it  shall  not  ho 
put  on  land  nearer  barracks  tlian  500  yards. 

In  some  towns  in  the  north  of  Englantl  {Salford,  Halifax,  Nottingham) 
the  receptacles  are  lined  with  some  absorhent  mat-erial  (refuse  of  cloth 
manufactures),  and  at  Aldei'shot  with  steible  litter,  intended  to  absorb  the 
nrine  (Goux  system) ;  m  other  CBsea  the  urine  is  carried  otf  by  a  pipe  into 
a  dniin  ;  the  intention  being,  in  both  easels,  to  make  tlie  fsecal  matt^u"  drier, 
and  to  delay  decomposition. 

In  others,  the  soil,  being  removed  daily  or  at  short  intervals,  is  taken  to 
a  manufactory,  and  there  subjected  to  manipulations  which  convert  it  into 
a  manure. 

Under  the  term  "Poudrette,"  manufactories  of  this  kind  have  been  long 
carried  on  in  France,  though  they  are  siiid  not  to  be  very  profitohle.  At 
present,  however,  a  portion  of  the  nitrogen  of  the  urea  is  converted  into 

1  Od  thfl  <lrv  itiethods  of  ramovAl  a  very  good  paper  luw  been  pabliiihed  by  Df  Biich«Tiiin 
and  Mr  iU^li  liff«  (/W/VA  Rfptyri^^the  Medtcal  Oficer  to  the  FHvy  Ommil,  1870,  mk  H(i  !mu1 
111) ;  also  aiuithtr  liy  Mr  N«*tte«  KadcHfffl  {Report  on  cfrtatn  Means  of  prevenlimj  Axrtt^nicnt 
Suiitancfji  itt  Tdtotui  ttnd  Vtlloff^s^  New  Borie*,  No.  *2,  1874). 

2  At  Ciu-lsrtil^e,  Mjiiinlieirn,  Hastaiit,  And  BruchHiU  the  excreta  arc  wriuovcil  iu  bojc«rt  htjltling 
alioat  116  cubir  feet  (PniBsiaii)  every  fvening.  From  un  t?j|*rience  of  eiglit**eu  yeiin^  (1851- 
1868).  the  «xcTOta  of  6i'l51  iiiuu  (iiieaii*  *trt'o>fth)  rctunitil  76ii8  floriiis  per  aninim,  or  about  Is. 
lid.  iCii^'UHb  money  ^i«r  head.  In  Eruchttal  it  was  Is.  LL  and  in  Mannliemi  2s.  6d.  perbeatL 
This  ricii  laiLiiure  XxoA  converted  the  sandy  wastes  into  fertile  coTD-ftetda. 
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ammonia,  and  is  united  with  sulphuric  acid,  and  comes  into  the  market  as 
sulphate.     In  England,  also,  there  have  been  several  manufactories. 

.There  have  been  great  discussions  as  to  the  salubrity  of  the  French 
poudrette  manufactories,  and  the  evidence  is  that  they  are  not  injurious  to 
the  workmen  or  to  the  neighbourhood,  although  often  disagreeable.  But 
the  poudrette  can  take  on  a  kind  of  fermentation  which  renders  it  dangerous, 
and  Parent-Duchatelet  has  recorded  two  cases  of  outbreaks  of  a  fatal  fever 
(enteric  ?)  on  board  ships  loaded  with  poudrette. 

Admixture  wUh  Deodorising  and  Anti-Futrescent  Substances. 

Usually,  however,  some  deodorising  substance  is  mixed  with  the  excreta 
before  they  are  removed  from  the  house,  and  they  are  then  at  once  applied 
to  land  without  further  preparation.  Mr  Moule's  advocacy  of  the  use  of 
dried  earth  has  brought  into  prominent  notice  the  great  deodorising  powers 
of  this  substance,  and  perhaps  no  suggestion  of  late  years  has  had  more 
important  consequences.  The  various  substances  employed  to  prevent 
odour  and  decomposition  are  as  follows : — 

1.  Coal  and  Wood  Ashes, — This  is  a  common  practice  in  the  north  of 
England,  and  closets  are  made  with  hinged  flaps  or  seats,  so  that  the  coal 
ashes  may  be  thrown  on  the  sewage.  Sometimes  screens  are  used,  so  that 
the  large  cinders  are  held  back,  and  can  again  be  used  for  firing.  In  some 
towns  there  are  receptacles  (middens)  intended  both  for  excreta  and  ashes ; 
sometimes  these  are  cemented,  but  they  are  usually  porous,  and  there  may 
be  a  pipe  leading  into  a  sewer,  so  as  to  dry  them.  The  midden  system  is  a 
bad  one  ;  even  with  every  care  the  vast  heaps  of  putrefying  material  which 
accumulate  in  some  of  our  to^ms  must  have  a  very  deleterious  influence  on 
the  health,  and  the  sooner  all  middens  are  abolished  the  better.  The 
deodorising  eff'ect  of  coal  ashes  is  very  slight.  The  mixture  of  coal  ashes 
and  excreta  usually  finds  a  sale,  but  the  profit  is  much  greater  if  no  ashes 
are  mixed  with  it.  Wood  ashes  are  far  more  powerful  as  deodorisers,  but 
it  is  not  easy  in  this  country  to  have  a  proper  supply. 

2.  Charcoal. — There  is  no  better  deodoriser  than  charcoal.^  Animal 
charcoal  is  too  expensive,  and  peat  charcoal  is  cheaper;  according  to 
Danchell,  3  ounces  of  peat  charcoal  are  equal  to  1^  Bb  of  earth;  and  this 
author  states  that  the  cost  of  charcoal  for  a  family  of  six  persons  would 
only  be  Is.  6d.  per  month.  A  plan  has  been  proposed  by  Mr  Stanford, ^ 
and  is  in  use  at  Glasgow,  which  may  obviate  the  difficulty  of  price.  Mr 
Stanford  proposes  to  obtain  charcoal  from  sea-weed ;  the  charcoal  is  cheap, 
and  remarkably  useful  as  a  deodoriser.  It  has  no  oxidising  effect,  and 
merely  acts  as  a  dryer  (Corfield).  After  it  has  become  thoroughly 
impregnated  with  faeces  and  urine,  the  mixture  is  recarbonised  in  a  retort, 
and  the  carbon  can  be  again  used ;  the  distilled  products  (ammoniacal 
liquor,  containing  acetate  of  lime,  tar,  gas)  are  sufficient  to  pay  the  cost, 
and  it  is  said  even  to  give  a  profit. 

The  closet  used  with  this  carbon  is,  in  principle,  similar  to  Moule^s  earth 
closet,  with  various  improvements  for  more  thoroughly  mixing  the  charcoal 
and  sewage. 

The  advantages  claimed  by  Mr  Stanford's  process  are  the  complete 
deodorising  effect ;  the  small  amount  of  charcoal  required  as  comj>ared  with 
dry  earth  (three-fourths  less  required) ;  the  value  of  the  dry  manure,  or  of 

1  At  Kreilingen,  in  Holland,  a  pail  Rvsteni  is  in  use,  where  charcoal  is  employed  made  firom 
burning  town  refuse.     It  appears  to  yield  a  product  of  sufficient  value  to  pay  itself. 
>  Chemical  News,  June  and  October  1869  and  February  1872. 
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the  distilled  ])ro<hictvS,  if  tlie  mixture  is  reburnt ;  and,  in  the  last  case 
(hurning)^  the  com|4ete  destruction  of  all  noxious  agencies.  In  using  it  the 
mixi3il  chaiToal  and  sHwaj^'e  may  Ite  stored  for  some  months  without  odour 
in  some  convenient  receptacle  outside,  but  not  un<ler  the  house ;  and  Mr 
Stanfoi-d  atatejr!  tliat  all  the  house  urine  can  be  alsij  allowed  to  flow  int-o  this 
receptacle.  The  rebTiniinj:^  of  the  mixture  can  he  done  in  a  gas  retort, 
or  a  special  retort  is  built  for  the  purpose ;  the  charcoal  left  in  the  re- 
tort is  returned  to  the  house.  The  so-called  "porous  carbon,"  a  substance 
obtained  by  roasting  Devonshire  lignite  with  clay  or  iron,  may  also  prove 
useful 

3,  Bartft.' — Since  the  Rev.  Mr  Moule  pointed  out  the  powerful  deodorising 
properties  of  dried  earth,  many  different  closets  have  l>een  pro[)Osed. 

Mr  Moule's  eiirth  closet  consists  of  a  wooden  box,  with  a  rex-eptacle  below, 
and  a  hopper  above,  from  which  dried  earth  falls  on  the  sewage  when  the 
plug  is  pulled  iip»  The  earth  is  previously  dried,  and  A  tb  of  the  dried  earth 
per  head  daily  is  the  usual  allowance.  For  a  single  house  the  earth  can  be 
dried  over  the  kitchen  tire ;  but  if  a  village  is  to  be  supplied  a  small  shed, 
fitted  with  tiles,  behnv  which  smoke  pipes  from  a  small  furnace  pass,  is  re*- 
quireJ,  The  e^rth  used  in  the  closet  is  sufficient  to  deodorise  the  solid 
excreta  and  the  jxjrtion  of  the  urine  passed  with  them,  but  the  rest  of  the 
itrine  and  house  water  has  to  he  carried  off  in  pipes,  and  disposed  of  in  some 
other  way*  The  receptacle  is  emptied  from  time  to  time,  and  the  mixture 
18  stored  until  it  can  l>e  a])plied  to  land.  Its  value,  however,  is  not  groat,  as 
must  of  the  nitrogen  disiippears  in  a  gjiseous  form.  Indeed,  so  complete  is 
thy  (lisinU^gration  of  organic  matter  that  even  paper  disiippeara,  and  the  earth 
after  redrying  1ms  been  used  again  and  again. 

The  advantages  oi  this  plan  are  obvious ;  its  disadvantages  .'ire  the  neces- 
sity of  collecting,  and  drying,  and  storing  the  earth,  which,  for  cottagers 
who  have  little  space,  and*  possibly  no  means  of  getting  earth,  is  a  serious 
matter.  The  suj^ply  of  dried  earth  t*:*  large  towns  is  almast  a  matter  of  im- 
possibility, so  large  is  the  amount  requii-ed.^  Again,  the  attention  necessary 
to  prevent  the  house  water  l>eing  thrown  in,  and  to  remove  the  soil  at  suffi- 
ciently short  periods,  sometimes  militates  against  the  success.  To  obviate 
these  disml vantages,  some  modifications  have  been  introduced  into  Moule's 
closet ;  one  side  of  the  receptacle  may  be  covered  with  a  grating,  leading  to 
a  pipe,  so  that  all  fluids  drain  away,  and  the  house  water  ciui  be  thro^vn 
in.  In  another  plim,  as  in  Taylor's  improved  closet,  the  urine  is  carried 
away  without  mixing  at  all  with  the  solid  excreta.  Sometimes  the  urine 
thus  separat4Mi  is  led  intc»  another  box  of  eartli,  and  is  thus  more  easily  dis- 
posed of,  if  there  are  no  means  of  taking  it  entirely  away ;  or  it  is  passed 
into  a  tank,  and  tlien  used  as  liquid  manure.  In  another  ni<xlification 
(Closer's  original  form),  a  partition  along  the  front  holds  some  absorbent 
substance  (sawdust,  straw),  into  which  the  urine  passes,  and  the  solids  are 
thus  kept  dry.  This  sejia ration  of  the  urine  an"!  solids  certainly  appears 
to  be  an  improvement*  l>r  Carpenter,  of  Croydon,  reports  well  of  these 
closets.  2 

The  best  kind  of  earth  is  clay,  marl,  and  vegetable  humus ;  w^hen  dried, 
the  clay  is  easily  ijowderetb     Chnlk  and  pure  sand  are  of  little  use. 

'  For  workhouses,  pri,**onH.  barrftck»  in  cointp"  pliwes,  where  there  is  plenty  of  lalxiur,  and 
no  difficulty  iu  dbtahiinj?  ami  aft^rwardK  flJKiioaing  of  th*?  «iirth,  thij  plan  is  most  perfect.  So 
also  for  fimall  vilhii^es^  if  some  ctrntml  authority  arrdiige.H  for  the  ?in|»ply  of  earth  and  for  the 
removal  of  the  uned  soil.  For  a  good  stjiUiiuent  of  the  advantagL^  of  the  earth  system,  sue  Dr 
Hawksk'y'B  paiwr  in  tho  Report  of  the  Leamingi(f%  Congrtii  on  the  Setcagt  qf  TPWis* 

»  Builey-Deuton,  op.  cit,  p.  102. 
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The  earth  system  has  come  iiittj  great  use  in  India,  and  is  carried  out 
with  great  atteiiti<>u  to  detjiil.  In  those  European  stations  where  water  is 
not  procurable,  Mr  Moulu's  invention  has  been  a  boon  of  great  value,  and 
medical  officers  have  stated  that  nothing  has  been  done  in  India  of  late 
yejira  wldch  has  contributed  so  much  to  the  health  and  comfort  of  the  raen.^ 
The  plan  of  separating  the  urine  from  the  fieees  Wdn  strongly  advocated  by 
Dr  Cornish  of  Math-as,  and  would  no  douht  he  attend etl  with  great  advan- 
tages if  there  are  nieana  of  disi>oaal  of  the  urine.  The  chief  ditlicidty 
ill  the  European  barracks  in  India  is  felt  diuLng  the  rainy  season,  when  the 
mixed  excreta  and  eartli  cannot  be  disposeil  of. 

In  the  case  of  natives  of  India,  however,  a  serious  ditticulty  arises  in  the 
use  of  the  earth  system,  in  conse(|uence  of  the  universal  use  of  water  for 
ablution  after  using  the  closet  Every  native  takes  with  him  a  small  vessel 
holding  10  to  20  ounces  of  water,  so  that  a  hirge  amount  of  fluid  has  to  be 
disix^sed  of»  The  usual  earth  closet  does  not  sottice  for  this.  Mr  Charlea 
Turner,  C.E.,  of  Southampton,  contrived  a  closet  suitable  for  the  native 
family ;-  it  is  unfortunately  too  costly,  and  possibly  a  simple  iron  box,  with 
a  pipe  to  carry  otV  the  urine  and  ablution  water,  would  be  better  suited  for 
the  poorer  classes. 

It  appears  from  the  observations  of  Mr  Fawcus,  at  tlic  jail  of  Aiiiiore, 
that  more  earth  must  In?  used  ftjr  vegetable  than  for  animal  feeders  ;  the 
experiment  gave  5  lb  avoir,  (2i  seers)  of  iindried  earth  fur  the  daily  evacua- 
tion of  a  vegi^table-feeding  Hindoo,  The  urine  discharge  (2  %)  required  8  lb 
of  earth.  The  eartli  was  etficacious  in  proportion  to  the  vegetable  organic 
matter  or  humus.  In  the  experiments  in  this  country  the  clayey  matters 
(siliciites  of  alumina)  have  seeme*!  to  Ikj  chieHy  useful.  In  Indian  jaOs  and 
some  cantonments  the  trench  system  is  used  ;  shallow  (3  to  4  feet  deep) 
trenches  are  dug  in  a  tie  Id,  and  earth  is  thrown  over  the  excreta  ;  when  the 
trenches  are  full  the  whok^  is  ploughed  up,  and  vegetables  are  at  once 
planted,  trenches  being  dug  elsewhere  ;  after  two  or  three  crops  this  portion 
of  the  field  may  lie  used  again.  Great  miportance  is  attiiched  to  the  early 
and  repeated  cro]>ping  of  the  ground. -^  IHlhculty  is  exi>erienced  during  the 
rainy  season,  as  the  trenciies  are  all  waterlogged. 

4.  Ehodorinng  Powders. — Instead  of  charcoal  or  earth,  M^DougalFs  or 
Calvert^s  earholk  add  potmiena  may  be  used,  and  this  |dan  has  been  adopted 
in  some  Indian  hospitals*  A  comparatively  small  quantity  is  required,  but 
the  smell  of  carbolic  acid  and  the  cost  are  somewhat  against  its  general  use. 
Dr  Bond's  preparations  of  terebene,  viz.^  the  terehene  powderj  cujiraluro,  ifec, 
are  very  efficacious,  and  ha^e  a  pleasant  odour,  but  here  again  the  cost  ia 
prohiliitory^ 

5,  In  Germany,  ^Swi^ifrtt"*  deodoriser  (a  mixture  of  lime,  magnesium  chloride, 
and  coal-tar)  is  much  used.  The  Mti/ler'Sehur  deodoriser  is  composed  of  100  lb 
of  Itrne,  20  fb  of  fKHwdered  wootl  charcoal,  10  lb  of  peat  powder  or  sawdust, 
and  1  lb  of  carbolic  acid  containing  tjO  to  70  iicr  cent,  of  real  acifh  After 
mixing,  the  mass  is  put  under  cover  for  a  night  to  avoid  any  chance  of 
self-corn  bust  ion,  and  when  it  is  dry  it  is  packed  in  Imrrels.  Lutdcr  and 
Leuilof*8  powder,   consisting  of  ferric  sulphate,  ferrous  sulijbate,  calcium 


*  An  acconnt  of  the  Bengal  ajrangetniiini^  will  Hie  found  In  the  2nd  edition  of  this  work* 
'  TbLs  WHS  done  at  tlit«  suggt?,^tion  of  Dr  Niveu.  of  Bombay,     Mr  Turner's  elo^wet  is  d4»crib«d 
and  figTircd  ill  Dr  Parkes*  Report  on  tJygieue  for  18(17,  .4n«y  hhdiral  Report  for  186tf. 

'  Two  objuctitmfi  iiiive  been  made  to  the  drv  L*artli  systetiit— I  It  U  almost  impossiMin  to 
get  rid  of  ft  eertain  aiuotinl  of  smell,  even  witfi  deodorants.  *2»  "Flie  jiroduct  is  not  very  valu- 
able. aieoiNling  to  Dr  Gilbert^s  analysbf  not  .ho  valuable  a^  good  gi^nlen  mould,  even  after  tli4 
QArta  has  been  twic«  used.    Tbe  chu'f  value  is  tlierelbre  a  sanitary  one. 
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sulptiate,    and    a    little   free   sulphuric    acid,    is   also   nmrli    used.      It  ia 
moderately  successful. 

Arrantjefnent  of  CloBets  on  the  Dry  Plan. 

As  tlie  excreta  after  being  mixed  with  the  deodoriser  are  in  most  coses 
kept  for  some  tlu^^a  cir  even  weeks  close  to  the  huuso,  the  same  rules  as  to 
position  and  construction  of  closets  should  l->e  employed  as  in  the  case  of 
water-closets.  The  closet  should  not  be  in  the  l>»usement,  hut,  if  possible,  in 
a  detached  building  or  semi -detached,  and  with  thorough  ventilation  between 
it  and  the  houstr ;  there  should  be  a  pipe  leading  at  once  to  the  outer  air 
from  the  closet,  and  one  from  the  receptacle. 

The  recepUicle  itself  is  usually  movable ;  but  if  not^  it  should  be  most 
carefully  cemented,  so  that  no  leakage  may  occur. 

With  these  precautions  no  oflour  will  be  perceived ;  but  it  is  still  very 
desiiiible  that  the  removal  of  the  soil  shoidd  be  as  frequent  as  possible,  In 
country  houses  there  is  no  difficulty,  but  in  Utwns  the  removal  can  seldom 
be  more  freq^uent  than  once  a  week,  and  often  is  only  once  a  month. 

Till"  forms  of  the  closet  itself  are  numerous.  Those  aj)plie^ble  to  the 
earth  plan  have  been  already  noticed.  Colonel  Synge,  R.E,,  has  patented 
a  closet  for  ^Ir  Stanford's  charcoal  process  (the  Alver  appliance  for  dry 
deodorants).  In  Germany  and  the  north  of  Europe,  where  the  dry  removal, 
but  without  admixture  with  deodorant  powders,  is  in  much  use,  there  are 
various  closets  in  which  the  urine  and  f feces  are  separated. -^ 


Carbofiisatiofi, 

In  1869,  Mr  liickey,^  of  Darjeeling  (Bengal  Presidency),  proposed  to 
carbomse  the  sewage  in  retorts,  LHther  with  or  wiUiout  previous  admixture 
with  charcoal.  Almost  at  tlie  same  time  Mr  Stanford^  proposed  the  plan, 
already  referred  to,  of  the  addition  of  sea-weed  charcoal,  and  sulisequent 
distillation. 

In  India  the  difficulty  of  obtaining  a  renmnerative  price  for  tlio 
ammoniacal  products,  and  the  large  cost  of  the  apjiaratus  necessary  for 
working  the  plan,  have  been  unfavourable  to  ite  success,  CiirboniHation 
has  been  tried  in  this  country,  and  if  it  could  be  made  to  return  a  profit, 
there  can  l>e  no  que^stion  that  it  is  an  excellent  plan  in  a  purely  sanitary 
p>int  of  view. 

In  Manchej^ter  Fryer's  patent  methotl  is  in  operation,  and  it  is  also  being 
appliiMl,  in  whole  or  in  part,  at  Hirmingham  and  at  Leeds.  It  consists  of  a 
Destructctr,  which  reduces  U>  slag  all  the  more  btdky  town  refuae,  such  as 
cinders  and  ashes,  broken  earthenware  and  glass,  wliich  cannot  be  dealt 
with  except  by  being  accumulated  in  a  rubbish  heap.  This  slag  is  ground, 
tilixed  with  Hme,  and  sold  as  mortar.  Tlie  apparatus  is  so  arranged  that 
none  of  the  heat  is  lost,  while  the  heated  products  of  combustion  pass  over 
fresh  iKjrtiona  of  material  and  prepare  it  for  combustion.  The  mass  is  re- 
dticed  in  bulk  to  one-third.  Other  refu.se,  such  as  condemned  food,  vegetalde 
garbage,  street  sweeping.s,  and  the  Irke^  are  reduced  to  charcoal  in  another 
apparatus  called  the  Carboniser.     The  carbon  thus   produced  is  used  for 

1  Tioth  and  Ijcx  {op^  c%Y.,  p.  454)  give  a  good  de^oriptiou  of  tbe»te.  See  nl&o  for  fiomo  good 
rtmarkh,  Ft!tteiikotcr*»  paf>CT  on  Inp  **  S^wt^n^**  of  mh^  "  {Zeiisch.  fur  BuAogie^  B^ml  iii.  p» 
273).     Dr  Bood  hA«  also  invent.  '  !"  '  i:  el osi^t.  which  Keoamtes  the  iiriue 

Aad  fieceA.     At  Manche«t4;r  an  >  .set  ol  Mr  iMonrell  U  in  une. 

a  Th£  Varhi/ninatxim  or  Dry  /  vanci/,  by  W.  H.  S.  Hickey,  C.K, 

with  a  note  on  liry  Sewaf;e,  by  F.  J.  Mo4i*il,  M.LK<,  ihii'^viyiiug,  1869. 

'  "  A  Uhtiniiat*M  Vit:w  uf  thu  Sewa^^^  Question/'  Chtmieal  Sews^  Juqa  to  October  VS^, 
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disinfecting  purposes!,  for  dccolorisiunf  the  waste  water  from  factories,  *fec. 
The  excreta  pro))er  aro  collected  in  pails  ami  reduced  tosmalJ  bulk  by  dryiiig 
in  ii  closed  apparatus,  called  the  Coik  retor»  the  ammonia  bein^  fixed  by  the 
sulphuric  acid  funics  produced  by  the  otlier  pr&cessea  By  this  means  the 
contents  of  the  pails  aro  reduced  to  one-twelfthj  and  a  Viiluable  manure 
fobtained,  which  may  he  either  in  the  form  of  poudrette  or  mixed  witli  a 
little  charcoal.  Similar  plans  of  disposing  of  town  refuse  are  in  opemtion  in 
Glasgow  and  elsewhere. 

Tli€  Fiunimatic  Air  Phin^  (Aspiration  Plan). 

A  Dutch  engineer,  Captain  LiernuT,  proposed  some  years  since  an  entirely 
novel  plan.  Ko  wat«?r  or  deodoriaing  powders  are  used ;  the  excreta  fall 
into  a  straight  earthetiware  jjipej  leading  to  a  smjdler  iron  eif>hon  pipe,  from 
which  they  are  extracted  periodically  by  exhaustion  of  the  air.  The 
extracting  force  which  can  be  used  (by  an  air  pump  worked  by  a  steam- 
engine)  is  said  to  be  equal  to  a  pressure  of  1500  fij  per  a^iuare  foot,  which  is 
sufficient  t-o  draw  the  excreta  through  the  tubes  with  great  rajiidity.  The 
plan  lias  been  tried  on  the  small  scide  at  Prague,  Rotterdam,  Amsterdam, 
Leyden,  and  llanau,  also  at  Briiun,  Ohuutz,  and  St  Petersburg,  and  the 
opinions  concerning  it  are  very  varitms.  It  doe.s  not  render  8ewei*s  un- 
necessary ;  indeed,  the  system  contemplates  an  arrangement  of  sewers  for 
slop  and  other  waters.  It  is  evident  that  the  pipes  mupt  l>e  clogged  sooner 
lijr  later  with  fieeal  matter.  There  is  also  evidence  of  bad  odours  Ijeing 
generated,  to  prevent  which  water  is  used,  which  interferes  with  the  jiroper 
wnjrking  of  the  system. 

T]\e  Berlier  system,  a  raodilicatioii  of  the  preceding,  is  in  use  in  some 
partes  of  Paris.  The  principle  is  extraction  by  exhaustion  of  air.  The  solid 
matters  are  separated  by  an  intercepting  wire  basket,  called  a  receiver,  and 
the  liquid  sewage  flows  into  an  air-tight  evacv^toTj  to  which  an  exhaust  lb 
attached,  whicli  works  automatically,  and  is  therefore  an  iiuprovement  on 
the  lienuir  system, 

Shone^s  Ejector  System, — This  is  an  oppiKsite  jilan  U>  Liernur's,  the  agent 
being  corapresaed  air  insU-ad  of  exhaiLstion.  The  sewage  is  received  into 
**  ejectors/'  and  after  a  cert^iiu  quantity  hsis  entered,  it  is  acted  upon  by  com- 
pressed air,  and,  by  an  armugement  of  valves  acting  automatically,  is  forced 
either  t<j  an  outfall  direct,  or  into  a  closed  iron  main.  It  has  been  applied  at 
\Vrexham,  at  Eastbourne,  at  Southamiiton,  the  Houses  of  Parliament,  and 
elsewhere.  It  seems  especially  useful  when?  the  ground  is  flat  and  it  is 
dilEcult  to  get  a  fall.     It  works  automaticaOy,  and  gives  very  little  tr<:)uble» 


1  The  Stwnfff  Q^tjiiiim,  V-y  F.  C.  Krcpp,  London,  1867.  Thw  lK>ok  wa?*  \mtteo  for  the 
punxtfiu  of  briiiging  the  Liernur  plan  l->eforu  the  rmhliCj,  aixl  soijie  parts  of  it  nmst  lite  taken 
with  limitation.  Reports*  in  Drut'^he  Viertelja/irs,  Jiir  UffeidL  (fesioidsheiL^pJl.,  Baml  iii. 
p.  3J3tl871).  Rejiort  of  KAUlf  &m]  Esscr,  in  the  same,  Brtn»L  iv.  p.  316.  These  genlh-Mneu 
were  B«nt  from  li«iUeIl)erg  to  iuvciiligat^s  the  plan.     Report  of  Messrs  Schroder  Hiid  Lort?nt 

EL,  BAnd  i\\  p.  486).  In  thi*  Report  in  n  good  t^^chijieal  and  financial  account.  Ballot 
lk{U  Times  and  Oazdte^  16th  Feb,  1873)  ^poky  favourably  of  it,  and  conftidered  it  to  have 
a  decided  ituew§»  in  Am»rt«rdani  and  Leyden.  Gori,  on  the  other  band  (MeJd.  Tinier  and 
O'dzrttf^  Bth  March  1873),  re|>lied  to  Ballot,  clenied  that  lhi>i  in  the  rfu»e»  and  declared  that  in 
AnMenlam  ail  with  onii  consent  iuiy  '*lt  m  impracticable/'  Ballot  adhereK,  howevert  fj)  Iuk 
statement.  I  saw  the  syst4ini  fit  work  in  Leyden  in  Sept»  1876,  when  much  of  its  nwulLs  and 
details  was  explained  to  me  by  the  late  ProfesHor  Boogaard,  and  a^ain  in  Aim*terdani  in  1879, 
with  Captain  Liemur  himself.  It  neemed  very  effectual,  and  there  wftt»  a  total  absence  of 
wlour,  although  1  was  present  in  Mome  of  the  closets  at  the  moment  that  the  content*  were 
iiuektid  away  bv  the  ajijiaratuK,  In  Leyden  the  material  is  sold  in  barreln  in  the  Ur|uid  form  ; 
hqi  at  BonJreclit,  where  the  newe»t  fttid  tuoit  oomplete  worka  are,  it  is  nmdc  into  |Kmdirette, 
whkli  is  said  to  pay.  -[F.  de,  U] 
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Comparison  of  the  diffebent  Methods, 

JIuch  controversy  lias  arisen  on  this  point,  thongli  it  does  not  appear 
that  tlie  question  of  the  best  mode  of  removing  excreta  in  really  a  very 
difficult  one.  It  is  simply  one  which  cannot  be  always  answered  in  the 
same  way. 

It  will  [irLibahly  be  agreed  by  all  that  no  largo  town  can  exist  without 
sewers  to  carry  olf  the  foul  house  water,  some  lu-ine  iuid  trade  products,  and 
that  this  s^^wage  must  be  purified  before  discharge  into  streams.  The  only 
question  is,  whether  fieeal  excreta  should  also  pass  into  the  sewera. 

It  will  also  be,  no  doubt,  adiuitted  that  no  argunu^nt  ought  to  l>fi  drawn 
against  sewers  from  iniperfection  in  their  cunstruction.  The  advocate  of 
water  removal  of  solid  excix^tii  can  fairly  claim  th«t  his  argument  pre- 
supposes that  the  sewers  are  laid  with  all  the  precision  and  precaution  of 
modem  science  ;  that  the  houses  are  thonnigldy  secured  from  reflux  of 
sewer  air ;  that  the  water-closets  or  water-troughs  arc  properly  used ;  and 
that  the  other  conditions  of  sufficient  water  su]>ply  and  power  of  disposal  of 
the  sewage  are  idso  present.  If  these  conditions  are  fuiiilled,  what  reason  is 
there  for  keeping  out  of  the  sewer  water  (which  must,  under  any  circum- 
stance of  urban  life,  be  foul)  tlic  solid  excretii,  whicli,  after  all,  cannot  add 
very  grejitly  to  its  imiiurity,  an^l  do  add  something  to  its  agricultunil  value  1 

That  it  is  not  the  solid  excreta  alone  which  cause  the  difficulty  of  the 
disposal  of  sewer  water  is  seen  from  the  case  of  BirmingliMni.  That  town 
is  sewered ;  when  it  contained  nearly  400,000  inhabitants,  it  was  in  the 
greiitest  difficu Uy  how  to  dispose  of  its  sewer  water;  yet  the  solid  excreta 
of  only  6  per  cent,  of  the  iidiabitants  passed  into  the  sewers,  while  the  solid 
excreta  of  the  remainder  wer«  received  into  middens.^  The  problem  of 
disposid  was  as  serious  for  Binninghara  as  if  all  the  excretii  passed  in.  This 
difficulty  luL^  now  been  in  the  main  overcome,  by  the  use  of  the  lime  pre- 
cipitating process  am!  the  passing  of  the  sewage  on  land.  An  innocuous 
efiluent  is  obtained,  and  the  sewage  of  over  600,000  })eople  is  dealt  with, 
the  excreta  of  aliout  one-sixth  of  the  po|)ulation,  passing  into  the  sewers,  the 
remainder  being  removed  l>y  a  pail  system.^ 

The  great  difficulty,  in  fact,  consists  not  so  much  in  tlie  entmnce  of  the 
aolid  excreta  into  sewers  as  in  the  immense  quantity  of  water  which  has  to 
be  disposed  of  in  the  case  of  very  large  iidand  t*j\\Tfis  with  water-closets.  If 
water-closets  are  not  used,  the  amount  of  wat^in-  supplied  to  towns,  and  the 
amount  of  sewage,  are  both  considerably  lessened. 

Looking  to  all  the  conditions  of  the  pn»hlem,  it  appears  impossible  for  aD 
towns  to  have  the  same  plan,  and  the  ciixum stances  of  each  town  or  village 
must  bo  considered  m  determining  the  be.st  method  for  the  removal  of 
excreta.  London  is  particularly  well  adapted  for  water  sewerage,  on  account 
of  tlie  conformation  of  the  ground  north  of  the  Thames,  of  the  nunil>er  of 
streams  (wliich  have  all  been  converted  into  sewers),  and  of  the  comparative 
facihty  of  getting  rid  of  its  sewage.  The  same  may  be  said  of  Livcr|iool 
and  many  other  towns. 

In  many  towns  where  land  is  available,  the  immediate  application  to 
land,  either  by  filtration  or  irrigation,  may  be  evidently  ijirlicated  by  the 
conditions  of  the  case,  while  in  others  precipitation  may  have  to  he  resorted 

^  Rtp&ri  of  the  Jiirtninffham  Aneaae  Inquiry  Commillee  (18711,  Smuniarjr,  p.  11.  It  should, 
howevur,  be  addled  th.it  two-thirds  of  the  middens  drain  into  tlitJ  sewers,  f.<*.,  allow  uritie  una 
ftOHR*  ditfiuent  ftixal  iimtter  to  \m»ii  in.  In  1875,  128,612  tons  of  lulddea  rofu8*3  were  removed 
ftQd  s«ut  to  cour»tr>-  dejioUi,  to  lie  afterwards  di8i)Osi«jd  of  to  farmt^rM, 

*  hke  cvidenttj  of  Mr  Aldciruian  Avery,  Sfcond  Rtport  qfthe  Royal  Commission  on  MHto- 
polUan  Sewage  Discharge,  1884. 


134  REMOVAL  OF   EXCRETA. 

to  before  application  to  land.  It  does  not  appear  that  precipitation  should 
in  all  cases  precede  irrigation  or  filtration,  though  mechanical  arrest  of  the 
large  suspended  matters  is  necessary.  There  may  be  some  towns,  again, 
in  which  the  impossibility  of  getting  water  or  land  may  necessitate  the 
employment  of  dry  removal;  and  this  is  especially  the  case  with  small 
towns  and  villages,  where  the  expense  of  good  sewers  and  of  a  good  supply 
of  water  is  so  great  as  to  render  it  impossible  to  adopt  removal  by  water. 
It  may,  indeed,  be  said  that,  in  small  towns  in  agricultural  districts,  the  dry 
removal,  if  properly  carried  out,  will  be  the  best  both  for  the  inhabitants 
and  for  the  knd. 

The  view  here  taken  that  no  single  system  can  meet  all  cases,  and  that 
the  circumstances  of  every  locality  must  guide  the  decision,  is  not  a  com- 
promise between  opposing  plans,  but  is  simply  the  conclusion  which 
seems  forced  on  us  by  the  facts  of  the  case.  It  does  not  invalidate  the 
conclusion  already  come  to,  that,  where  circumstances  are  favourable  for 
its  efficient  execution,  the  water-sewerage  plan  (with  or  without  interception 
of  rainfaU)  is  the  best  for  large  communities. 


CHAPTER  IV. 
AIR. 

It  might  be  inferred  from  tlie  physiological  evidence  of  the  paramount 
importance  of  proper  aeration  of  the  blood,  that  the  breathing  of  air  ren- 
dered impure  from  any  cause  is  hurtful,  and  that  the  highest  degree  of 
health  is  only  possible  when  to  the  other  conditions  is  added  that  of  a  pro- 
per supply  of  pure  air.  Experience  strengthens  this  inference.  Statistical 
inquiries  on  mortality  prove  beyond  a  doubt  that  of  the  causes  of  death 
which  are  usually  in  action,  impurity  of  the  air  is  the  most  important. 
Individual  observations  confirm  this.  No  one  who  has  paid  any  attention 
to  the  condition  of  health,  and  the  recovery  from  disease  of  those  persons 
who  fall  under  his  observation,  can  doubt  that  impurity  of  the  air  marvel- 
lously affects  the  first,  and  influences,  and  sometimes  even  regulates,  the 
second.  The  average  mortality  in  this  country  increases  tolerably  regularly 
with  density  of  population.  Density  of  population  usuadly  implies  poverty 
and  insufficient  food,  and  unhealthy  work ;  but  its  main  concomitant  con- 
dition is  impurity  of  air  from  overcrowding,  deficiency  of  cleanliness,  and 
imperfect  removal  of  excreta,  and  when  this  condition  is  removed  a  very 
dense  and  poor  population  may  be  perfectly  healthy.  The  same  evidence 
of  the  effect  of  pure  and  impure  air  on  health  and  mortality  is  still  more 
strikingly  shown  by  horses ;  for  in  that  case  the  question  is  more  simple, 
on  account  of  the  absolute  similarity,  in  different  periods  or  places,  of  food, 
water,  exercise,  and  treatment.  Formerly,  in  the  French  army,  the  mortality 
among  the  horses  was  enormous.  RossignoP  states  that  previous  to  1836 
the  mortality  of  the  French  cavalry  horses  varied  from  180  to  197  per  1000 
per  annum.  The  enlargement  of  the  stables,  and  the  "  increased  quantity 
of  the  ration  of  air,"  reduced  the  loss  in  the  next  ten  years  to  68  per  1000.^ 
In  1862-66  the  rate  of  death  was  reduced  to  28 J  per  1000,  and  officers' 
horses  (the  property  of  the  State)  to  20.  The  admissions  for  lung  diseases 
were,  in  1849-52,  105,  and  in  1862-66,  3*59;  for  glanders,  1847-52,  23; 
1862-66,  7^.8  In  the  Italian  war  of  1859  M.  Moulin,  the  chief  veterinary 
surgeon,  kept  10,000  horses  many  months  in  barracks  open  to  the  externsd 
air  in  place  of  closed  stables.  Scarcely  any  horses  were  sick,  and  only  one 
case  of  glanders  occurred.* 

In  the  English  cavalry  (and  in  English  racing  stables)  the  same  facts  are 
well  known.  The  annual  mortality  of  cavalry  horses  (which  was  formerly 
great)  is  now  (1889)  reduced  to  23*1  per  1000.*  Glanders  and  farcy  have 
disappeared,  and  if  a  case  occurs  it  is  generally  contracted  in  billets. 

The  food,  exercise,  and  general  treatment  being  the  same,  this  result  has 

1  Traiti  cTHygiine  MilUaire,  Paris,  1857. 

•  Wilkinson,  Journal  of  the  Agricultural  Society ^  No.  50,  p.  91  et  sea. 

»  "  Vital  Statistics  of  Cavalry  Horses,"  by  Surgeon-General  T.  G.  Balfour,  M.D.,  P.R.S., 
Journal  of  the  Statistical  Society  ^  June  1880. 

*  Larrey,  Hygiine  des  U6p.  Mil,,  1868,  p.  63. 
fi  A.  V.D.  Report,  ISSd. 
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been  obtained  l>y  clfanlinps,s5  clryneSv«!,  and  the  freest  ventilation.  The 
ventilation  is  tlneefuld — gronud  v<mtilationj  for  dryintj  tlie  floors  ;  ceiling 
ventilation,  for  discliarf(e  ul  foul  air ;  and  supi>ly  of  air  beneath  the  horses* 
nosers,  to  dihite  at  tmcv  the  prodiirts  of  respirati<jn. 

In  cowdiuusos  and  kenntds  similar  facts  are  w*dl  known  ;  disease  and 
health  are  in  the  direct  pro|K»rtion  of  foid  and  ^)ure  air. 

The  air  may  affect  lieaUli  by  variations  in  the  amount  or  conditions  of  ita 

normal  constituents,  by  dill'er<?nces  in  pdiysitml  pr(»])ertie8,  or  l>y  tbi^  [neiience 

Mf   impurities.      While  the  immense  effect  of  impure  air  caunr^t  be  for  a 

■  moment  doubted,  it  is  not  always  mmy  to  assign  to  each  impurity  its 
definite  action.  The  inquiry  is,  m  fact,  in  its  infancy  ;  it  is  dillienlt^  and 
demands  a  more  searching  luialyais  tlian  has  been  given,  altliough  an 
important  commencement  has  been  made  by  means  of  liiologiral  tests, 
Wlien  impure  air  does  not  produce  any  very  striking  disease,  its  injurious 
effects  may  be  overlooked.  The  evidences  of  injury  to  health  from  iiiipiire 
air  are  found  in  a  larger  prt»|»ortion  of  ilMiealtli — i.e.^  of  days  lost  from 
sickness  in  the  year — than  under  other  eircuaxstance^  ;  an  increase  in  the 
severity  of  many  diseases,  wliitb,  though  not  caused,  are  intlneneed  Viy 
impure  air ;  and  a  higher  rate  of  morUility,  especially  among  children, 
whose  delicate  frames  ahvays  give  us  the  hi'st  test  of  the  eH'ect  of  food  and 
air.  In  many  cases  acciirat<j  statistical  inquiries  on  a  large  scale  can  alone 
prove  what  may  be  in  reality  a  serious  de|»reeiatirni  af  public  health. 

The  quantity  of  air  necessary  for  perfect  health  will  be  considered  in  the 
section  on  Ventm^tion,  In  the  present  chapter  tlie  impurities  will  be 
mentioned,  and  then  the  diseases  attributable  to  them. 

The  following  is  the  conifiosition  of  average  air  :^ — 

CompojfUion  of  Atmospheric  Air, 

^^H&xygea,  . 209*$  per  1000  volumes. 

Carbonic  Acid  (or  carltou  dioxide), O'i^  ,, 

Watery  vnpoar,        ........  varici*  with  taaiperature* 

Ammonia,         .♦*..,,.»  trace. 
Organic  matter  (iti  ranour   or   siaspeiided,  orgatiwed,  i 

■  uuorgaabed,  do«d»  or  living) 

■  Ozone,      .         .        .         .         .         ,         .        .         .         [  VAriiible. 

■  Salts  of  sodium,        ....... 

Othi*r  miDcral  auhatauecs J 

The  amount  of  oxyj^eri  is  209*8  in  i»ure  niLauitidn  air,  wliile  in  the  air  of 
towns  it  may  fall  to  209  0  or  208*7.^  The  raean  amount  of  ozone  is  given 
by  Levy  at  1*15  niOlifp'aramcs  per  100  cnbic  metres  at  Montsouris.^ 

The  amount  of  watery  vapour  varies  in  diHVrent  coun tines  greatly,  from 

about  30  per  cent,  of  Siituratioii  to   fierfect  satunition  ;    or»    according    to 

temperature,  from  1  to  1 1  or  even  12  j^frains  in  a  cubic  foot  of  air,     Uuriiig 

the  rains  in  the  tropi<2s,  that  amount  is  not  uiifrequently  exceeded.     The 

.  best  Tiitio  for  heaJtli  lias  not  been  determined,  but  it  has  lieen  suppHjscd  it 

■phould  be  fnum  S5  to  75  per  cent;  in  many  healthy  climates,  however,  it 

^8  much  more  and  in  some  much  leas  than  tliis. 

The  amount  of  carbon  dioxide  m  normal  air  nuiges  frtiHi  0^2  to  0"5  per 
thousand;  it  increases  slightly  ui*  to  11,000  feet  of  elevation,  then  de- 
creases ;  it  is  au^^naented  imder  certain  tinunistances ;  as  in  sea-air  by  day, 

*  11u«,  fUthougli  an  average  for  towns,  is  }>er!mj)^  Coo  high  for  cotmb-y  districts.  Even  in 
towu»  the*  rect'ut  ciperitueiiU  of  Camelley,  flaUlane,  ana  Anderson,  in  Duinle**  »nil  P«rth» 
have  nhowii  that  the  Amount  ifl  often  less.    See  PhiL  Tfant,  Ht>yul  Soc.^  vol.  clxiviii.  (18S7). 

*  A*  Swiith,  A  ir  and  idain^  pp,  S35  et  seq,  »  Annuaire/ur  1882. 
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tljoiigh  not  at  night;  the  diicrence  being  between  054  and  033  per  tliousand 
(Levy). 

FtiKkjr^  fuund  the  CiJ^  at  Budii-Pt^sth,  during  the  years  1877-8-9,  very 
con^>tiint  in  quantity,  tlie  mean  being  0  38fc5tj  per  1 000  vols^.  He  gives  the 
liniiUs  as  0*200  to  0(300,  ontside  wliieh  caweB  iKCur  very  seldom,  or  depend 
upon  error,s  ;  tlie  seaaontil  ninge  i,s  lowest  in  winter,  an  incieH.se  i]i  springs 
again  a  diminution  in  summer^  and  the  highest  point  ii^  reached  in  autumn. 
Tliere  i^  lesii  near  llie  sea-nhore  and  more  in  the  middle  of  the  continent; 
it  api>ear3  to  increase  in  snow  and  frosty  but  t-o  diminish  with  rain,  thaw, 
and  wind  ;  the  north  wind  l^ruigs  less  C0,>  witli  it  than  the  south.  Fodur 
attributes  the  greatest  inHnence  on  the  variation  of  00.^  in  the  atiutiftphere 
tu  iU  riaing  from  the  ground  air,  the  COg  being  always  greater  at  the 
ground  level  than  one  metre  above  it.  Levy'-^  give^j  the  mean  CO.,  at 
the  observatory  of  Montsouris  at  0'Ji02  per  1000  vols,  in  a  series  of  live 
years*  observatiourt.  In  Dundee,  Carnelley,  Haldane,  an<l  ^Vnderi^on  found 
an  average  of  0390  and  a  ran^'e  of  0  220  to  0*5ii0,— the  mean  of  day-time 
being  0*380  and  night-time  04 10; — tbis  was  in  open  ]jlaee,s  ;  in  close  i>lac'cs 
at  night  the  mean  was  0'420.  In  the  sulmrba  the  mean  was  ouly  0  280, 
witli  a  iinige  of  O'lHO  to  03 50  ;  and  in  the  outskirts  of  Perth  a  laean  of 
0-310,  with  a  range  of  0'290  to  0'350.^ 

Amnionia  antl  organic  matter  uuglit  probal>ly  to  be  coiiBidered  as  im- 
purities, idthough  they  are  hardly  ever  absent. 
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vast  numlier  of  suhsUmces,  vapours^  gases,  or  solid  particdes,  ctmtinually 
8S  into  the  atuiusphere.  ilany  of  these  substances  can  be  deteet*<l  neither 
By  smell  nur  tiiste,  and  are  inhaled  withmtt  any  knowledge  on  the  i>art  of 
those  who  breathe  tlieju.  Others  are  smelt  or  tasted  at  first;  but  in  a 
short  time,  if  the  sulistance  remains  in  the  atnu>spheri%  tbi^  nerves  lose 
tlieir  delicacy;  so  that*  in  many  cases,  no  warning,  and  in  otber  instjuices 
shght  warning  only,  is  given  by  the  senses  of  these  atmospherie  impurities* 

As  if  U')  etnnpenstite  for  this,  a  wouflerfid  series  of  processes  goes  on  in; 
the  atmosphere,  or  on  the  earth,  whicli  keeps  the  air  hi  a  state  of  purity. 

Gases  ififluse,  and  are  carried  away  by  whnls,  ami  thus  become  so  dihited 
as  to  he  innocuous ;  or  are  decomiiosed  if  compuuiid,  or  are  washed  ilown 
by  rain  ;  solid  substances  lifU^l  intij  the  air  by  winds,  m  l>y  ascensional 
force  of  evaporation,  fall  by  their  own  weight ;  or  if  orgsinic,  are  oxidised 
int4>  simple  conniomids,  such  as  water,  carbon  dioxide,  nitric  acid,  and 
aniUAonia  ;  or  dry  and  break  up  into  iini>al|>ahle  partichs,  whit  h  are  washed 
down  Ity  rahi.  Dilhisiou,  dilution  by  winds,  fjxidiktiiui,  and  the  fall  of  rain, 
are  the  great  puriliers  ;  and,  in  addition,  there  is  the  wrjuilerful  lalxiratory 
of  the  vegetable  Wtuld,  which  keeps  the  eartion  dicjxitle  of  tlm  atmosphere 
within  eertiiiii  limits.  If  it  were  not  for  these  counterbalancing  agencies, 
tiie  atmosphere  would  8<L»on  become  too  impure  for  the  liuman  nice.  As  it 
is,  it  is  wonderful  how  soon  the  immense  impurity,  whicJi  ilaOy  passes  into 
the  air,  is  removed,  except  wUeii  the  jierverse  ingenuity  of  man   opposes 

1  Hytfifnijithfi  Untertntchunfjtn  fiA<r  Luftf  Bmlen  i*.  ircwser,  Erst©  Abtheilung,  Die  Lu^t, 

"-'  AnauaiTc  de  Mont^uris^  18S2. 
»  PUU.  Tram,,  voL  cUxvUL  ^1887). 


138  ^  ^"^  AIR. 

some  obstacle,  or  makes  too  great  a  demand  even  upon  the  purifying  powers 
of  Nature. 

Tlie  air  passing  int^^  the  hings  in  the  necessary  and  atit^imatie  process  of 
re.s[»ir]itioiij,  h  dniwn  successively  tliroiif^h  the  mouth  and  nose,  the  fauces, 
and  the  air  tubes.  It  may  consist,  accortiing  to  circumstances^  of  uiatters 
perfectly  gaseous  (as  in  pure  air),  or  of  a  mixture  of  gnsesi  and  si>lid  particles, 
mineral  or  organic,  wliich  liave  passed  into  the  atuioHphere. 

Tl)e  truly  gaseous  substances  will  doubtleiy?  enter  the  passages  of  the  lungs, 
and  vnll  meet  tbere  ^\uth  the  delicate  tufts  of  blood -vessels,  through  wljich 
the  blootl  flows  with  great  velocity j  and  from  which  they  are  separated 
only  by  a  most  delicate  cpithelimn  ;  there  the  gases  will  be  absorWl,  and  if, 
as  has  been  caleulatcd,  tlie  surface  of  the  air-cells  is  as  much  as  from  10  to 
20  square  feet  (and  some  have  placed  tiiese  figurr^s  much  liigher),  we  etui 
well  un<lerst;yid  the  ease  ami  rii|ddity  with  wJiich  gaseous  substances  will 
enter  the  1j1(hhI 

The  Holiil  particles  or  molecules  enti^riug  with  the  air  may  lodge  in  the 
mouth  tir  tiose,  or  may  pass  int-o  the  lungs,  and  tliere  decfimpoaej  if  of 
destructihle  nature  ;  or  may  dissolve  or  Ijreak  do-vvn  if  of  mineral  formation  ; 
or  may  remain  as  sources  of  irriUition  until  dislodged  ;  or  perhiips  become 
covered  over  with  e[ntbeHmu  like  the  partieles  of  carbon  in  the  miner's 
lung,  or  may  [lass  into  tlie  epithelium^  and  enter  the  body  through  the 
lymphatics. 

If  such  particles  lodge  in  the  mouth  ur  nose  they  may  he  swallowed,  and 
pass  into  the  alimentary  eaual,  and  it  is  even  more  prol>ahle  that  this  should 
tie  the  case  witli  all  except  the  lightest  and  most  finely  divided  sidistances, 
than  that  they  should  ]iass  intc:»  the  lungs.  Alth^nigh  inca])able  of  present 
proof,  there  is  some  reason  t<i  think  that  some  of  the  specihc  poisons,  which 
float  alxiut  in  an  impure  atmosphere,  sucli  as  those  which  arise  from  enteric 
(►r  clioliu'a  evaeiintions,  may  produce  their  first  etleets,  not  on  the  lungs  or 
l>iooil,  but  on  the  alimentiry  mucous  membrane,  with  wliich  they  are  brought 
into  contact  when  swallowed. 


Sdt3-Section  I, — Suspended  Matters. 

Nature  of  Stupendfd  Sub^tanc^M, — An  immense  number  of  aubstances, 
organic  or  inorganic,,  may  he  suspended  in  the  atmosphere.  From  the  soil 
the  winds  Uft  siliesi,  finely  [Kiwdered  silicate  of  aluminum,  carbonate  imd 
phospliate  of  calcium,  and  ]ieroxide  of  iron.  Volcanoes  ilirow  up  ^e  par- 
ticles of  carl  Km,  sau<b  arid  dried  mud,  which,  passing  in  t^  the  higher  regions, 
may  l>e  airried  over  hundreds  oi  even  tlious^inds  of  miles.  The  eruption  of 
Krakatoa  is  supposed  to  have  si'attered  tine  dust  over  the  greater  part  of 
the  globe,^  antl,  althougli  the  eruption  took  j>hice  in  August  1883,  Professor 
Htokes,  in  his  annual  address  at  the  close  of  1886,  suggested  that  it  might 
not  yet  have  subsided,  from  the  j^hotographic  ohsfturjition  of  the  solar  corona, 

Tlie  animal  kingdom  is  represented  by  tlie  debris  of  tlie  perished  creaturcis 
wliich  hsive  lived  in  tlie  atmospliere^  and  also  it  would  appear  that  the  ascen- 
sional force  of  evaporation  will  lift  even  animals  tif  some  magnitude  from  the 
surface  of  marsh  water» 

From  the  vegetal>le  world  juiss  up  seeds  i\nd  drliri.H  of  vegetation  ;  pollen, 
spores  oi  fan^i,  mycodrnm,  mtteedineifj  which  may  grow^  in  the  atmosphere, 

'  The  vibrntion  of  tli«?  crtiption  wiis  timoi^d  by  Belf-recordiug  TjaroineterR  SJ  timca  round  th« 
earth,  nod  Keciiis  t<>  ItAve  jmswcl  throngb  ji  great  polar  circle  as  well  aa  tHjuatorially.  See 
papers  1>y  Mr  R,  H.  Ht-ott  md  G«u.  Strtebey,  Proc  Roy*  Soc.,  voL  xxivi 
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inniiTOerablp  volntilp  siibstanoevS,  or  ckIouts.  The  germs  also  of  vilirionfs, 
liaetrriit^  and  momtfh  an?  Isirgelj  present,  and  minute  o\'a  of  various  kLnde, 

From  tlie  sen  t)ie  wind  lifts  Bpra>\  and  tlir*  chloride  of  sodium  becoming 
dried  is  so  difltised  through  tlie  atmoapbciif*  that  it  is  ditlicult^  on  spectrum 
analysis,  Uy  find  a  sj»Gctrum  witliout  the  yellow  line  <\i  sodium. 

The  works  and  liabititions  of  man,  however,  furnish  matters  probably  of 
much  greater  importance?  in  a  hygienic  point  of  view. 

It  is  not  easy  at  present  to  give  a  complete  enumeration  of  all  the  sub- 
stances, hut  tlie  following  are  the  chief  fiictfs  dividetl  under  the  heatlings  of 
sus|)ended  substances  in  the  external  air;  iu  rooms  inhabit*?d  by  healthy 
pei-sons  J  in  rooms  inhabited  by  8ick  persons ;  in  workshops  and  factories. 

Suipended  Srth^ances  in  External  Air* 

L  Dmt  and  Sand  S/towers. — In  dilfereiit  parts  of  EuroDe  there  occur  from 
time  to  lime  sliowers  of  dust  and  saud.  Kljrenberg^  gives  the  micrtDscopic 
examination  of  spventy  showers  ;  iji  addition  to  particles  of  sand  and  oxide 
of  iron,  there  were  numerous  organic  fcrru.s  which  are  chis^sed  by  Ehrenberg 
under  the  headings  of  jtoh/t/oHtrica  (194  foruia),  phiftolitharict  (145  forms), 
potythalamia^  (fee.  Iji  addition  tliere  w^ere  portitins  of  [fhiuts  and  fragments 
of  insects.  In  a  dust-st(jrm  of  February  1872,  in  Situly,  Hilve^atri*^  foimd 
four  species  of  diatoms  and  living  infusona.  The.*^e  simd'St^^rnis  are  some- 
times called  monsoon  showei's,  but  it  would  apjwar  tluit  any  violent  storm  of 
a  cyclonic  character  may  lift  the  dust  fnun  sandy  wa^stes^  as  from  the 
African  deserts,  and  transport  it  grcni  iliatiinces. 

The  suggested  niett^oric  origin  of  some  dust  showers  is  now  generally  dia- 
credited. 

There  seoras  no  doubt  that  atmospheric  dust  may  tmvel  to  great  distances; 
the  air  of  Berlin  has  evidently  c^ntainefl  organisms  derived  from  the  African 
deserts,  and  the  sails  of  shi|»s  GOO  or  iSOO  miles  from  Africa  are  often  quite 
red  with  the  siuid  whicli  lodges  on  them. 

2.  Indepentlent  of  these  sandstorms,  there  are  numerous  living  cr&tture^ 
in  the  atmosphere  ;  s<ime  lifted  from  the  ground  by  winds,  others  growing 
in  the  air,  Ehi-enbtirg  discovered  at  least  'iOO  fonns — rhizopmh^  (aniiffrades^ 
and  anffmlltdiv.  These  can  he  dried,  imd  will  then  retain  their  vitality  for 
months,  and  even  yt^ars. 

When  the  external  air  is  examined  either  by  meAns  of  an  oeroscope  of 
some  kin<l,  or  by  drawing  it  tlirough  previously  heated  glass  tubes  sur- 
ri:>unded  by  a  freezing  mixture,  many  of  these  organisms  can  be  foujid.  The 
air  may  also  be  drawn  through  tulx^s  or  flji^ks  lined  with  nutrient  gelatine, 
or  other  medin,  aiid  the  number  of  colonies  counted.  The  folio  wing  ai^i-  the 
most  im|K>rtiint  kinds : — 

(a)  Extremely  small  round  and  oval  celk,  appearing  in  pairs  or  adhering 
together.  The  cells,  described  by  Leraaire,''  Trautman,*  liethamp^  and 
others,  are  exceedingly  minute,  and  it  requires  a  power  of  600  to  1000 
diameU^rs  to  see  them  [»roperly.  Tniutnian  states  that  they  grow  faster 
when  suljihnrettetl  hydrogen  is  in  the  air,  and  are  fhecked  hy  carbolic  acid, 
Lemaire  found  them  in  immense  quantities  in  the  air  of  dirty  prison  cells, 
and  in  tlie  sweat  of  the  prisoners  ;  they  will  occur,  however,  in  the  open  air. 


I  C/«&er.s    *  r^l7,  fortfemtitten  Unttiriuchunmn  Hlber  dtu  von  der 

mMiokibo.  r^fffanUthe  Leben.    BerliUp  18/1. 

«  Camph    ;  .  .     :,  ijl  1>91, 

•  Omifttes  Jieiuhui  fir  i'Arnd,,  Oct.  1867.  x>,  637, 

*  JH6  ZersttmngagoAt  alt  Vrsachc  mt  WeiUtverhreiittng  der  Ck^era^  1860, 
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These  bodies  pTolmbly  coiTes|xind  to  the  micrococci  or  iphwrobacteria  of 
Colin. 

Other  l»a/.ieria  are  also  met  with,  tSiieh  ua  B.  tcrmo  (MiLTuljiieteria),  Baiilhis 
and  vif/no  (Ik^Binnbiii^tc^nu),  Spirillum,  and  Spinx-haefe  {Spinjliaeteria). 
Bunhm'HaiRkn'fiou'8  ol^scrvatioiis  threw  draiht  on  the  existence  of  hacifria  ill 
the  itir  an  such  :  J).  D.  Cunningham  also  found  bacteria  were  rarely  presi^nt 
(that  i&y  recognisahle)  in  dry  atmospheric  dust,  but  they  were  oetuusionaJly 
found,  as  well  as  a  speeinien  of  green  »}nr\linm  ;  but  in  tlie  de{^>ositfrom  the 
moist  air  of  sewera  dii^tiuct  bacteria  were  frequently  r>l (served.  The  truth 
pr(4jably  is  that,  although  they  may  lie  rarely  met  with  in  full  development, 
this  depPTuls  on  tlie  al>sen(e  of  projier  nutriment  and  favourable  conditions 
for  growth,  but  the  existence  of  their  spores  {perhaps  in  siirne  eases  the  so- 
called  iiph(H*ffbactma)  appi^ars  tet  be  cle^irly  proved  by  the  cultivaliou  experi- 
ments of  TyndalU  and  F*.>dur/' 

The  number  of  hacferia  also  varies  witlr  the  season  (Ftxlor,'*  Miquel^), 
being  greatest  in  autumn  (142)  and  in  summer  (10v5),  less  in  spring  (85), 
and  least  m  winter  (49  per  metre  cube).  Part  of  this  variation  is  due 
undoubtedly  I-li  dryness,  for  it  is  observed  that  in  ndny  weather  they  are 
little  t^:>  be  met  with,  but  after  i«ome  days  of  dry  weather  become  plentiful 
(Nageli,  Fodor,  Miquel), 

Fodor*  fomid  at  Buda-Pesth,  in  1878-79,  bactena  in  522  out  of  646 
observations.  Drawiug  the  air  through  a  cultivating  Siilution,  he  found 
numerous  kinds  of  baderia  devekiped,  Microrocci  or  i^pfntrolfacferia  w^ere 
the  most  frequent^  spirofmi^fcria  the  rarest,  Di'muoimcteria  were  eouipara* 
tively  Hire,  One  form  of  mkrobacteriujn  he  callss  M,  agiky  and  attributes 
to  it  exceptional  infective  ]Miwer.     Monttth  were  rare. 

Camel  ley,  Ifaldane,  aud  Andei^son  fomid  that  the  average  monber  of  oi^an- 
ismB  in  I)undee  air  was  less  than  one  per  litre,  in  the  i>ro[)ortiou  of  tliree 
bacteria  to  one  mouhi.  Professor  P.  F,  Fi^ankland  has  investigated  the 
orgaiusms  in  the  air  of  London  and  otlier  places,  and  lias  described  10  forms 
of  Micrococci,  and  1 2  forms  of  B<trilHy  diseriminated  by  c\dtivation.^ 

(A)  Spftrcn  of  fungi  are  nt>t  infrequent ;  in  the  open  air  they  occur  most 
commonly  in  the  summer  (July  and  August);**  they  are  not  in  this  country 
more  frequent  with  one  wind  than  another ;  tlio  largest  numl>er  found  by 
Maddox  in  ten  hours  was  250  spores* ;  on  some  days  not  a  spore  can  be  found* 
JIaddox  lejiveri  undetermined  tlie  kind  of/wm/iw  which  the  spores  d eve lope<i 
under  cultivation  ;  the  spures  were  |.xile  or  olive-coluured  and  oval,  pnjhably 
from  some  funn  of  smut.  Angus  *Siuith  found  in  water  ihrongli  wliich  the 
air  of  Manchrster  wa.^  tlrawn  innimieralile  sfiores.  ilyeehum  of  fmifftut 
seems  uncommon  in  the  air,  hut  is  some  tinier  found.  The  cells  of  Proto- 
coccus  pluvialis  are  not  uncommon,  and  [»erluq>s  of  other  ab/fp,  Blackley  * 
says  the  amount  of  s[x)res  collected  on  a  slide  in  four  houi*s  amounted  to 
30*000  or  40,000  per  square  inch.  Dr  I).  D.  Cuimingham^  stfiles  that  in  the 
air  in  the  suhnrhs  of  Calcutta  S]>ores  are  eonst^mtly  present,  and  usually  in 
consitlenxblc  numbers.      He  gives  a  large  nimiber  of  beautiful  drawings, 

Fodor,'^  out  of  646  observations,  found  by  cultivation  that  mucedines  made 

1  FloiUinf;  Matter  in  the  Air  in  retatitm  to  Putrtfadum  and  Iftfectioti^  by  Joka  TyuidiU, 
F.as.    Lottgriiiia,  1881. 
"  Ojj.  ciL 
Annwiirt  de  Mtmtjtoitrijt^  1882, 


»  Op.  ciL 

,  pa  406  ei  xtq.  ;  *Ibo  separate  work,  OrganimMS  rimiulf 
de  titlmo*phkTt.    Sec  also  Condi  ttuii  Biil>efi.  *  Qp.  tnY. 


*  Camehey,  m.  HL  Frankland,  Phd,  Trara,  vol.  178,  1887,  PP-  313.  257. 

*  MiuMoKt  MontJily  Jimrnal  d/  tkr  Micnm'opical  Socitty^  .lune  1870  und  Febman'  1871* 
^  Mrft^ritn^Htal  /itjtfnrchtji  on  the  Cau^ses  and  ^^ature  (if  Ciitarrhu3  AettfivHtt^  187S, 

*  jV»H/A  Anntial  liepott  of  tht  i^nniiarij  Cvrnmitaiontr  with  the  GuvefumetU  o/ India, 

*  Op.  cit. 
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^^^^Bm^earance   171   times,  garrinae  48.     Bactmn  antl  fun^  seemed  to 
altoriijite  in  srjusi>ii8  .ind  years.     Thus  in  spring  htdrrm  were  most  niimerotis 

Iantl/iiw'/t  fewest,  whilst  the  oppjosite  was  the  case  iu  autumn.     8 now  and 
Srain  lejisened  the  quantity  of  both, 
[    (c)  Parts  ofjfoicerifj  especially  pollen^^  in  the  spring  and  sunxiUL*r  are  very 
icommon, — ciiticiilar   scuiles,     vegetable    fibres    and    hair?,    seed    capsules, 
gloljidar  celb,  &c.     !Xear  habitations    are   also  found  hits  of  wood  often 
"Weathered  or  burnt,  bits  of  charcoal,  sUwjh  grains,  cotton  and  wool  fibres, 
^T.     All  the.se  substances  aj^pear  from  Watson's*  experbnent^  to  be  more 
abundant  in  land  than  sea  air,  as  might,  indeed,  be  expeeted.^ 
^L      (ff)  Animai^^  or  portions,  such  as  scales  from  the  wings  of  moths  and 
^^butterflies ;  portions  of  the  wings  of  insects ;  legs  of  spiders,  hits  of  spiders* 
webs,  and  siiaiiar  objectjs,  are  not  uncommon  ;  but  sometimes  even  living 
animals  of  m^me  size^  apparently  rhntopmla  and  amrx4iiform  h+xliejs. 
^m     (<?)  Mineral  h'tibdame^,  tine  particles  of  sand,  clay,  and  chalk  are  geneniDy 
^■met  with,  even  when  there  is  no  dnst-storm,  and  are  niuch  more  conmion 
wlien  the  ground  is  dry  ;  rain,  indecnl,  appears  not  only  Ud  prevent  tliese 

•particles  from  being  lifted  but  also  to  precipitate  tliose  in  the  air. 
In  manufacturing  districts,  or  near  a  railway,  there  may  be  even  large 
ptrticles  of  metals,  or  jxittery  clay,  or  stone  in  the  externid  siir  ;  in  the 
dust  collected  from  a  railway  carriage  near  Birmingliam,  Mr  Sidebotlmm^ 
founrl  nij^ny  large  [Hirticles  of  iron  capible  of  attnicti^tn  by  a  magnet,  and 
being,  in  fact',  fused  pfirticles  of  iruu  often  covered  with  spikes  and 
excrescences. 

In  towns  with  macadaBused  roads,  dust  and  remains  ^if  horse  droppings, 
finely  powdered  by  the  trsifiie,  pass  into  the  air,  and  as  this  is  more  common 
in  dry'  weather,   the  sanitary  iraportiuice    of    watering    and    Wiishiog    the 
i«treetH  of  great  tratlic  is  manifest 

Mv  Tich borne  published  *  some  analyses  of  the  street  dust  of  Dublin  ;  it 

[t^ontained  from  29^7  per  cent,  of  organic  matter  (at  the  top  of  a  pillar  134 

[feet  high)  to  45*2  per  cent  (in  the  air  of  a  street) ;  the  organic  matter  was 

jchiefly  sUible  manure  finely  ground ;  it  acted  as  a  ferment,  and    re<luced 

[nitrate  of  ix>tassium    into   nitrite ;  it  had,  therefore,  a  strtjng  deoxidising 

Ipower. 

ii'C/)  ^^  t'^imot  be  doubted  that  various  organic  substances  dried  in    the 

and  ami  finely  pulverised,  may  be  lifted  into  the  air  by  winds,  and  may 

carried  to  great  il i stances ;  under  the  microscope    the    particles    would 

probably  apjKiiir  forndess,  and  could  not  be  referred  to  any  special  class, 

but  would  he  included  under  the  tenn  of  ^^  tlust,"  or  '*  amorphous  matter." 

In  this  way  it  is  believed  that  some  diseiLses  may  be  propagates  1  ;  cholera, 

I  for  example,  by  the  particles  of  dried  excreta  liftefl  an<l  carried  by  the  wind, 

and   suaallpox  and   scarlet  fever  by  the  disintegrated  epidermis  or  dried 

[  discharges.^ 

Some  of  the  various  i>articles  of  different  kinds  thus  susf^ended  in  the  air 
[tetlect  and  scatter  the  rays  of  Hght,  and  produce  the  appearance  of  fine 


BUckley  {op.  cit)  ^hows  that  pollen  is  in  laige  qiuQtitieB,  sotuetimes  amoauting  to  7S70 
.  gnLius  i»«r  m|unre  iuch  of  »!iti«  iluring  twenty -four  noun  exposure,  la  the  upper  tttratu  of 
[  the   air   (ut   400  to  50O  feet)  he  tonnti  tunch  more  than  ia  the  lower,— on  an  Average  19 


I  ttmea  tis  iuucIl     Cunnm^hani  {op.  ctt.)  ttlwo  found  ivoHeo  in  large  <iimsititj. 

•  Armjf  Mtdiatl  lU/Hirtmrfit  Report^  vol.  xu  y.  529  (1871). 

«  Ch^nitHit  St^rs,  Oi:to},er  187L  *  Ibid,  Oct.  1870. 

^  iu  the  air  of  thu  liaek-yard  of  a  Loutlon  hoHpit^l  I   found  couHideralilti  (juAntitiM  of 

epilhrliiim  ;  nud  in  the   "  dirty  linen  area  "  wl»ere  the  foid  linen  wah  kept  in  crates  till 

^  wiUihfd,  1  found  not  ouly  epithelium,  but  tven  pun  globuli.'*!,  iiud  also  a  quantity  of  fatty 

>  orywtidtt,  ttpimrentiy  from  dix'(*ningi»,    Tlien?  were  also  Inuteriat  hoth  free  and  in  the  xooglisAl 

'  form.— (F.  deC] 
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motes,  which  are  familiar  to  every  one,  as  seen  in  the  course  of  a  ray  of 
light  passing  through  a  dark  room,  or  when  an  electric  beam  is  transmitted 
through  a  tube.  When  the  air  is  kept  motionless  they  subside,  so  that 
most  of  them  have  some  weight,  though  some  are  so  light  as  to  float  in 
rarefied  air  (Tichborne) ;'  when  heated,  Tyndall  has  shown  that  many  of 
them  are  burnt,  and  a  little  bluish  mist  arising  from  the  combustion  can 
even  be  perceived ;  the  destructible  nature  proves,  of  course,  the  organic 
origin  of  those  consimied,  but  does  not  show  whether  they  are  organised^  or 
not.  That  is  a  point,  however,  which  can  now  be  determined,  to  some 
extent  at  least,  by  cultivation  experiments. 

Some  of  the  substances  collected  from  the  external  air  in  the  garden  of 
St  Mary's  Hospital,  Paddington,  are  shown  in  plate  No.  1.^ 

Sttspended  Matters  in  Enclosed  Spaces. 

1.  Booms  inhabited  by  Healthy  Persons, — In  all  inliabited  rooms  which 
are  not  perfectly  ventilated,  the  presence  of  scaly  epithelium,  single  and 
tesselated;  round  cells  like  nuclei,  portions  of  fibres  (cotton,  linen,  wool), 
portions  of  food,  bits  of  human  hair,  wood,  and  coal,  can  be  found  in 
addition  to  the  bodies  which  are  present  in  the  external  air,  though,  as 
pointed  out  by  Watson,  mineral  matters  and  vegetable  matters  are  not  so 
plentiful,  as  the  comparative  stillness  of  the  air  allows  them  to  fall.* 
Camelley,  Haldane,  and  Anderson  show  that  there  is  an  enormous  increase 
of  bacteria  in  crowded  and  ill-ventilated  rooms,  whilst  the  moulds  do  not 
increase  to  the  same  extent.  When  the  moulds  and  bacteria  in  the  external 
air  were  as  2  to  6,  in  houses  of  four  rooms  and  upwards  they  were  as  4  to  85, 
in  two-roomed  houses  as  22  to  430,  and  in  one-roomed  houses  as  12  to  580. 
These  are  the  actual  numbers  found  per  10  litres  of  air. 

In  some  cases  articles  of  furniture  may  furnish  certain  substances ;  the 
flock  wall-papers,  coloured  green  by  arsenical  preparations  (especially 
Scheele's  green  and  Schweinfiirth  green),  give  off"  little  particles  of  arsenical 
dust  into  the  room ;  ^  and  it  has  been  shown  by  Professor  Fleck  *  that  the 
arsenious  acid  in  the  Schweinfiirth  green,  when  in  contact  with  moist 
organic  sukstances,  and  especially  paste  or  size,  forms  arseniuretted  hydrogen,^ 
which  diff'uses  in  the  room,  and  is  no  doubt  the  cause  of  some  of  the  cases  of 
arsenical  poisoning  from  green  papers. 

2.  Sick  Rooms, — In  addition  to  being  vitiated  by  respiration,  the  air  of 
sick-rooms  is  contaminated  by  the  abundant  exhalations  from  the  bodies  of 
the  inmates,  and  by  the  effluvia  from  discharged  excretions.  The  amount 
of  organic  matter  is  known  to  be  large,  but  it  is  difficult  at  present  to  give 
a  quantitative  statement.  The  peculiar  smell  of  an  hospital  is  indeed  very 
remarkable,  and  its  similarity  in  hospitals  of  different  kinds  seems  to  show 
that  the  odorous' substance  lias  a  similar  composition  in  many  cases.  The 
reaction  of  ozone  is  never  given  in  such  an  atmosphere. 

1  Drawn  by  Inspector  General  J.  D.  Macdonald,  RN.,  F.R.S.,  from  Three  Reports  on  the 
Sanitary  condition  of  St  Mary's  Hospital^  Paddington^  by  Surgeon-Major  F.  de  Chaumont, 
M.D.,  1875-76. 

2  Numerous  ol>8ervations  on  the  air  of  barracks  and  military  hospitals  have  been  made  by 
medical  officers  of  the  army,  especially  by  Drs  de  Chaumont,  Frank,  Hewlett  (of  Bombay), 
Stanley,  Baynes  Reed,  Venner,  Watson,  and  many  others.  (See  the  Army  Medical  Depart- 
ment Annual  Reports^  from  1860-70). 

3  H alley  and  many  others. 

<  Zeitsch.fur  Biologie,  Bd.  viii.  p.  445  (1872). 

B  Perhaps  other  sul^tances  are  also  formed,  such  as  cyanide  of  kakodyle,  which  is  intensely 
poisonous  (Bartlett). 
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EXTERKAL    AIR 


Description  of  Plate  I. 
External  Air, 

Fig.  1.  Fragment  of  pine- wood. 

V,  Epidermis  of  hay,  with  fungus  attached. 

2.  Linen  fibres.     N,B.  The  thick  fibres  crossing  in  lower  third  of  plate. 

3.  Epithelium  (nucleated)  from  the  mouth. 

4.  Do.        detached  from  the  skin. 

5.  Cotton  fibres. 

6'.  Feather,  or  down. 

a.  Charred  vegetable  particles,  and  mineral  matter. 

{To  Binder— To  face  Plate  L) 


Description  of  Pl^tb  11. 
Accident  Ward. 

Fig.  1'.  Epidennis  of  hay.     1.  Do.  with  fungus  attached. 

2.  Linen  fibre. 

2'.  Fungus  filament    N.B.  Long  narrow  filament  in  upper  left  of  plate. 

3.  Nucleated  epithelium  from  the  mouth. 
3a.  Pus  cells. 

4.  Worn  epithelium  from  the  skin. 

4a.  Charred  vegetable  particles.    4d,  fungus  spores. 

5.  Cotton  fibre. 

6.  Woollen  fibre. 

7.  Fragments  of  insects. 

8.  Pine  pollen. 

9.  Dried-up  palmellaceous  frond. 

10.   Ciliated  spore,  probably  of  Vaucheria, 

(To  Binder— To  face  PlaU  IL) 
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ACCIDEI^T  WARD,  S^  Mary's  Hosphm.  Lokdon 
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I  Bevergie  found  aii  **inimensci  amomit "  of  organic  matter  in  tlii'  air  iii  the 
picinity  of  a  patient  \WtL  hospital  gaiign^iie. 

'  The  dust  of  ii  wjird  in  St  Louijs,  in  Paris,  fixaniin^d  hy  Cliuhot,  "was 
found  in  one  experiment  to  cynt^iin  36  per  cent  of  or^'unic  matter,  iind  in 
another  46  {x?r  cent.  When  bnrnt,  it  gave  out  an  odour  of  horn.  The 
dust  eoliect^'d  in  hospitals  for  iliiseases  of  the  skin  is  stated  hy  ( Inileton  to 
be  full  of  siMtndes  of  Tri^Mphi/ion, 

Much  intert^st  was  excited  in  1849  by  the  diseovery  hy  Dra  Brittmi  and 
Swayne,  of  CI  if  tun,  of  bodies  very  like  fungi  in  the  aii-  of  a  cholera  wni-d ; 
later  re»e4irches  lead  to  the  opinion  that  this  ol>servatioii  was  perfectly 
irrect,  thou»^h  the  connection  between  theao  funfji  and  cholera  is  atill  quite 
certain.  In  1849,  also,  L)r  Dundas  Tliomson  drew  the  air  of  a  cholera 
M-ard  through  tsulphurie  acid  :  variou.s  Husjiended  sul>st{inces  were  arre^^ted, 
— etarch,  wixiUen  tibre.H,  ej)itheiinm,  fttnfji  or  spr»re8  of  fitngit  and  vihrmies. 
^Ir  Rainy  also  found  in  the  air  of  a  cholera  ward  in  8t  Tliomas'  HospiUd 
the  s^iores  and  mycelium  of  fungi  and  UivUria.  Some  of  these  bodies  were 
found,  however,  in  the  open  air.  In  hospitals  for  skin  di^'asca  Ackoiimi 
has  been  detected  in  the  air  where  there  are  jKitient^  with  favus;  and 
Tilbury  Fox  ^  hgui-etl  the  s|Xire^  (clustered  and  in  chains)  and  the  my- 
c«;Uum  of  Trichophyton  in  a  wan^l  with  a  numlier  of  children  with  Tinea 
drdjuita. 

In  a  waril  in  Netley  Hospital  (under  Dr  Yeale,  M.S,)^  wliere  repeated 
cases  of  erysipelas*  occurred,  the  air  was  fomid  to  lie  b^ided  with/i*?i^t.  The 
mirrl  l>eing  emptied,  and  the  floor,  ^vallsj  and  ceiling  being  washed  with 
carbolic  acid,  the  disease  ceased. 

The  scaly  and  small  round  epithelia  found  in  most  rooms  are  in  large 
quantity'  in  hospital  wards ;  and  probably,  m  case^  where  thert^  is  much 
expectoration  or  exposure  of  pus  or  purifonn  fluids  to  the  air,  the  quantity 
would  be  still  lai^r. 

In  the  well-ventilated  wards  of  the  Dundee  Royal  Infirmary,  CarneUey, 
Hildane,  and  Anderson  found  a  verj-^  small  iiuiaber  of  micro-organisms.'^ 

Considering  that  the  plcuro-pnenraonia  of  cattle  is  prtjkilily  |>ropagrtted 
Oitough  the  pus  and  epitheliuni  cells  of  the  sputa  fiassing  into  the  air  cells 
''  of  other  cattle  ;  that  even  in  man  there  is  evidence  of  a  ymeuraonic  or 
pbthisical  disease  being  cont^igious,^  the  presence  in  the  air  of  these  cells, 
wbii  h  fiossibly  may  contain  the  tidjercle  JiftcUlm  or  its  ppores,  is  worthy  of 
all  attention.  In  the  air  of  a  phthisical  ward  at  Netley^  Dr  Wats<jn  not 
onlv  found  pus  cells,  but  bodies  which  w(*re  not  found  in  the  external  air  or 
in  the  rooms  of  heajtliy  persons.  In  military  gnmular  conjunctivitis  {gre}' 
gnmulations),  the  remarkable  cflect  of  ventilation  in  arresting  the  si>read 
^Sttomeyer)  seems  to  show  that  we  liave  here  a  similar  cause,  and  that 
tentilation  acts  hy  dOuting,  oxidising,  and  lirying  the  cells  thrown  ofi' 
feom  th«  conjimctivie.  In  small|xix  wards,  Bakewell  found  uneqiuvocai 
evidence  of  minute  scales  of  smallpox  matter  in  the  air.  It  seems  probable 
tUl  the  dL*ciwery  of  su8f>ended  matters  of  this  kind  will  lead  to  moat  im- 
portant  results.*  The  possibility  of  a  direct  transfercnc(i  from  body  to  body 
of  matter  capable  of  bringing  about  special  chemical  or  vitid  changes  is  thus 
placvd  beyond  doubt,  and  the  doetrLue  of  contiigion  receives  an  atlditional 
elucidation.     It  is  now  generally  ailmitted  that  protophytea,  like  Protmoccus 


*  Linift.  JuTwmry  187*2. 

'  tl "  in  the.  Afedtierrafii'un  FIfH. 

_  •  li  at  want  of  St  Marj's  HoypitaJ,  Poddin, 

to  the  .'iir,  tt-:ir  aOme  t>eda  which  h»<l  :&  hvA  '  "' 

Btupitai,  No.  IL), 


»  pp.  cU. 

, --igton*  <le  Clmnmont  found  puM  celli 

reputation  for  erysipela.-*  [Keport  on  St.  Matt/i 


elli  A 


144  AIR. 

pluvidlis,  may  be  dried,  and  yet  retain  their  vitality  even  for  years,  and  may 
be  blown  about  in  atmospheric  currents ;  and,  should  contagion  be  proved  to 
depend  upon  minute  organisms,  these  might  easily  be  carried  about  in  a 
similar  way,  either  alone  or  carried  by  epitheliiun  or  other  particles  thrown 
off  from  the  bodies  of  patients.  The  success  which  has  sometimes  attended 
the  treatment  of  pleuro-pneumonia  in  cattle  by  means  of  carbolic  acid 
(Crookes),  and  the  apparent  advantage  of  inhaling  disinfectants  in  human 
phthisis,  seem  to  j)oint  to  a  similar  active  cause  in  those  maladies ;  and  this 
appears  in  some  sort  confirmed  by  the  observations  of  Koch  on  the  bacillus 
of  tubercle,  which  is  said  to  liave  been  found  in  the  breath  of  phthisical 
patients,  and  must  therefore  be  in  the  air. 

3.  Workshops,  Factories,  and  Mines, — Grinding  of  steel  and  iron,  and 
stones ;  making  metallic  and  pearl  buttons ;  melting  zinc ;  melting  solder ; 
carding  and  spinning  textile  fabrics  of  all  kinds ;  grinding  paint ;  making 
cement,  and  in  fact  almost  innumerable  trades  cause  more  or  less  dust, 
derived  from  the  fabrics  and  materials,  to  pass  into  the  air. 

Dr  Sigerson  ^  found  a  black  dust  composed  of  carbon,  iron  (in  the  shape  of 
small  jagged  pieces  and  also  as  hollow  balls  57^71^  of  an  inch  in  diameter), 
and  ash,  in  metal  shops;  In  the  air  of  a  printing  office  there  was  enough 
antimony  to  be  chemically  detected.  In  the  air  of  stables  were  equine 
hairs,  epithelium,  moth-cells,  ovules,  and  various  fungi. 

In  addition  to  these  suspended  matters,  which  vary  with  the  kind  of  work, 
the  air  of  workshops  is  largely  contaminated  by  respiration  and  by  the  com- 
bustion of  gas. 

In  mines  the  suspended  matters  are  made  up  of  the  particles  of  the  par- 
ticular substance  which  is  being  worked,  or  of  rock  excavated  to  obtain 
metals,  of  sooty  matters  from  lamps  and  candles,  and  of  substances  derived 
from  blasting. 

Sub-Section  II. — Gaseous  Substances. 

A  great  number  of  gases  may  pass  into  the  atmosphere  either  from  natural 
causes  or  from  the  works  of  man. 

Compounds  of  Carbon. — Carbon  dioxide  (abnormal  if  exceeding  0*5  in 
1000  parts),  carbon  monoxide,  carburetted  hydrogen  or  methane,  and  peculiar 
substances  (gaseous)  in  sewer  air. 

CoinpoMTids  of  Sulphur, — Sulphur  dioxide,  sulphuric  acid,  hydrogen 
sulphide,  ammonium  sulphide,  and  carbon  disulphide. 

Compounds  of  Chlorine, — Hydrochloric  acid  from  alkali  works. 

Compounds  of  Nitrogen. — Ammonia  and  ammonium  acetate,  sulphide,  and 
carbonate  (normal  in  small  amount  ?),  and  nitrous  and  nitric  acids. 

Compounth  of  Phospkoitis. — Hydrogen  phosphide. 

Organic  Vapours. — Of  the  exact  composition  of  the  vapours,  often  foetid, 
which  arise  from  various  decomposing  animal  matters,  little  is  known. 

Sub-Section  III. — Nature  of  Impurities  in  certain  Special  Cases. 

Air  Vitiated  by  Respiration, 

Carbon  Dioxide. — An  adult  man,  in  a  state  of  repose,  gives  off  in  twenty- 
four  hours  from  12  to  16  cubic  feet  or  more,  according  to  weight,  of  carbon 

1  Brilish  Medical  Journal^  June  1870,  from  Memoirs  of  the  Royal  Irish  Academy,  in  which 
publication  are  some  excellent  observations  by  the  same  writer. 
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dioxide,  the  most  of  it  from  the  lungs,  although  he  also  emits  an  undeter- 
mined quantity  by  the  skin.  On  an  average,  an  adult  man,  of  say  12 
stone  weight,  in  a  state  of  rest,  may  be  considered  to  give  to  the  atmos- 
phere every  hour  not  less  than 0*72  cubic  foot  of  COg.  Women  give  off  less, 
about  0*6 ;  and  children  and  old  people  also  give  off  a  smaller  amount. 
The  amoimt  given  off  by  women,  say  0*6,  may  be  adopted  for  a  mixed 
community. 

The  amoimt  of  COg  in  pure  air  being  assumed  to  be  on  an  average  0*4  per 
1000,^  the  quantity  in  the  air  of  the  rooms  vitiated  by  respiration  varies 
within  wide  limits,  and  many  analyses  will  be  found  in  books.  The  follow- 
ing table  is  a  part  of  the  numerous  experiments  on  barrack-rooms  by  de 
Chaimiont  on  this  point,  in  which  the  amount  of  COj  in  the  external  air 
was  simultaneously  determined.  The  analyses  were  made  at  night,  when 
the  men  were  in  the  rooms.  The  cubic  space  per  head  was  600  feet  in  the 
barracks  and  from  1200  to  1600  in  the  hospitals : — 

Amount  of  Carbon  Dioxide  in  1000  Volumes  of  Air  {de  Chaumont). 


Barkacks. 

Gosport  New  Barracks, 

Anglesey  Banacka, 

Aldershot, 

Chelsea, 

Tower  of  London,  . 

Fort  Elson  (Casemate), 

Fort  Brockhurst  (Casemate), 


Military  and  Civil  Hospitals. 

Portsmouth  Garrison  Hospital, 
Portsmouth  Civil  Infirmary,     . 
Herbert  Hospital,  .... 
Hilsea  Hospital,     .... 
St  Mary's,  Paddington,  . 

Military  and  Civil  Prisons. 


Aldershot  Military  Prison — Cells,     . 
Gosport  Military  Prison — Cells, 
Chatham  Convict  Prison — Cells, 
Pentonville  Prison — Cells — Jebb's  system, 


COjln 

External 

Air. 


•430 
•393 
•440 
•470 
•420 
•425 
•422 


•306 
•322 
•424 
•405 
•660 


•409 
•666 
•452 
•420'» 


CO]  In  Room. 

Largest 

Mean 

Respiratory 

Amount 
found. 

Amount 

Impurity. 

1-846 

-645 

•215 

1-971 

1-404 

1-011 

1-408 

•976 

•536 

1-175 

•718 

-248 

1-731 

1^338 

-898 

1-874 

1^209 

•784 

1027 

•838 

-416 

2-057 

•976 

•670 

1-309 

•928 

-606 

-730 

•472 

-048 

-741 

•578 

-178 

1-634 

•847 

-287 

3-484 

1-651 

1-242 

2-344 

1-336 

-780 

3-097 

1-691 

1-239 

1-9-26 

•989 

-569 

The  last  column  of  the  table  shows  the  condition  of  the  ventilation  as 
measured  by  the  COg;  it  is  very  satisfactory  in  the  newer  barracks  (Gos- 
port and  Chelsea),  but  is  much  less  so  in  the  older  barracks  and  casemates. 
The  Herbert  and  Hilsea  military  hospitals  show  excellent  ventilation, 
while  the  old-fashioned  Portsmouth  garrison  hospital  is  in  this  respect  very 
bad.  The  prison  cells  show,  in  all  cases,  a  very  high  degree  of  respiratory 
impurity,  and  this  must  be  one  of  the  depressing  influences  of  long  cell 
confinement  Wilson^  gives  some  important  information  on  this  point. 
In  cells  (in  Portsmouth  Convict  Prison)  of  614  cubic  feet,  always  occupied, 

1  The  average  at  the  park  of  Montsouris,  at  Paris,  is  only  0-3 ;  see  L'Annuaire;  perhaps 
0  35  would  be  more  correct  for  country  air. 

2  Assumed  at  -420.  s  Handbook  of  Jlyjlenf,  pp.  103-107. 
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he  found  the  002  =  0720  per  1000;  the  prisoners  were  healthy  and  had  a 
good  colour.  In  ceUs  of  210  cubic  feet,  occupied  only  at  night  by  prisoners 
employed  outside  during  the  day,  he  found  1*044  per  1000  of  COg;  the 
occupants  were  all  pale  and  ansemic. 

The  OOj  of  respiration  is  equally  diflFused  through  the  air  of  a  room 
(Lassaigne,  Pettenkof  er,  Roscoe) ;  it  is  very  rapidly  got  rid  of  by  open- 
ing windows,  and  in  this  respect  differs  from  the  organic  matter,  and 
probably  from  the  watery  vapour;  neither  appears  to  diffuse  rapidly  or 
equably  through  a  room. 

The  amount  of  OO*  is  often  much  greater  than  in  the  above  instances. 
In  a  boys'  school  with  67  boys  and  4640  cubic  feet  (  =  69  cubic  feet  per 
head)  Roscoe  found  3*1  parts  of  00^  per  1000.  In  one-roomed  houses  in 
I>undee  3*21  per  1000  was  found  as  a  TnaYJTniiTn  by  Oamelley,  Haldane, 
and  Anderson  ;^  this  was  2*63  above  the  external  air.  In  a  schoolroom, 
naturally  ventilated,  with  an  average  of  168  cubic  feet  per  head,  the  mean 
OOg  was  1  '86  and  the  maximum  3*78 ;  in  another,  with  the  same  space  but 
mechanically  ventilated,  the  average  was  1*23  and  the  maximum  1*96.2 
In  the  Dundee  Royal  Infirmary  (space  per  head  from  1034  to  3182)  the 
OOg  ranged  from  0*41  to  0*78,  or  a  range  of  respiratory  impurity  between 
0*06  and  0*37.*  In  Leicester,  in  a  room  with  six  persons,  and  only  51 
cubic  feet  of  space  per  head,  and  with  three  gas  lights  burning,  Mr  Weaver  * 
found  the  OOg  to  be  5*28  parts  per  1000;  while  in  a  girls'  schoolroom 
(70  girls  and  10,400  cubic  feet^  or  150  cubic  feet  per  head),  Pettenkof  er 
found  no  less  than  7*230  parts  per  1000.  In  many  schools,  workrooms, 
and  factories  the  amount  of  respiratory  impurity  must  be  as  great  as  this, 
and  doubtless  a  constant  unfavourable  effect  is  produced  on  health. 
Gartner  ^  found  in  the  army  corvette  "  Jackson  "  about  1  '0  between  decks, 
as  much  as  6*42  in  the  sick-bay,  5*54  in  the  cells,  and  no  less  than  50  in 
the  powder  magazine. 

In  a  horse  stable  at  the  ifccole  Militaire  the  amount  was  7  per  1000.  At 
Hilsea,  with  a  cubic  space  of  655  cubic  feet  per  horse,  the  amount  was  1*053 ; 
and  in  another  stable,  with  1000  cubic  feet  per  horse,  only  0*593  per  1000 
(de  Chaumont).  Marcker  found  8*5  in  a  stable  in  Gottinge  n,and  no  less 
than  17*07  in  a  byre. 

Mr  Fred  Smith  ^  has  shown  that  the  OOg  determinations  in  stables  are 
greatly  influenced  by  the  amount  of  ammonia  in  the  air  interfering  with  the 
reaction,  thus  indicating  a  factitious  purity  of  atmosphere. 

Moisture, — Organic  Matter, — By  the  skin  and  lungs  pass  off  from  25  to  40 
ounces  of  water  in  twenty-four  hours,  to  maintain  which  in  a  state  of  vapour 
211  cubic  feet  of  air  per  hour  are  necessary  on  an  average.  Of  course, 
however,  temperature  and  the  hygrometric  condition  of  the  air  greatly 
modify  this.  Organic  matter  is  also  given  off  from  the  skin  and  lungs,  the 
amount  of  which  has  never  been  precisely  determined.  Nor  is  it  possible, 
at  present,  to  estimate  it  correctly.  This  organic  matter  must  be  partly 
suspended,  and  is  made  up  of  small  particles  of  epithelium  and  fatty  matters 
detached  from  the  skin  and  mouth,  and  partly  of  an  organic  vapour  from 
the  limgs  and  mouth.  The  organic  matter  from  the  lungs,  when  drawn 
through  sulphuric  acid,  darkens  it;  through  permanganate  of  potash, 
decolorises   it;   and   through  pure  water,  renders  it  offensive.     Collected 

1  Op.  cit,  *  Op.ciL  >  Op.  cit. 

<  Mr  Weaver  gives  several  cood  analyses  in  different  public  and  private  rooms  in  Leicester. 
Lancet,  July  and  August  1872. 
»  Deutsche  VierUljahrschriftfiir  bfenUiche  QuundheiUpjUge,  Bd.  xiii.  p.  869,  1881. 
•  Veterinary  Hygiene^  p.  108. 
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from  the  air  by  condensing  the  watery  vapour  on  the  sides  of  a  globe 
containing  ice  (as  by  Taddei  in  the  wards  of  the  Santa  Maria  JN^ovella),  it 
is  found  to  be  precipitated  by  nitrate  of  silver,  to  decolorise  potassium 
permanganate,  to  blacken  on  platinum,  and  to  yield  ammonia.  It  is 
therefore  nitrogenous  and  oxidisable.  It  has  a  very  foetid  smell,  and 
this  is  retained  in  a  room  for  so  long  a  time,  sometimes  for  four  hours,  even 
when  there  is  free  ventilation,  as  to  show  that  it  is  oxidised  slowly.  It  is 
probably  in  combination  with  water,  for  the  most  hygroscopic  substances 
absorb  most  of  it.  It  is  absorbed  most  by  wool,  feathers,  damp  walls,  and 
molBt  paper,  and  least  by  straw  and  horse-hair.  The  colour  of  the  substance 
influences  its  absorption  in  the  following  order : — black  most,  then  blue, 
yellow,  and  white.  It  is  probably  not  a  gas,  but  is  molecular,  and  floats  in 
clouds  through  the  air,  as  the  odour  is  evidently  not  always  equally  diffused 
through  a  room.  In  a  room,  the  air  of  which  is  at  first  perfectly  pure,  but 
is  vitiated  by  respiration,  the  smell  of  organic  matter  is  generally  perceptible 
when  the  COj  reaches  0*8  per  1000  volumes,  and  is  very  strong  when  the 
COj  amounts  to  1  per  1000.^  From  experiments  made  at  Gravesend, 
Netley,  Aldershot^  and  Hilsea,  by  various  medical  officers,^  it  has  been 
shown  that  the  amount  of  potassium  permanganate  destroyed  by  air  drawn 
through  its  solution  is  generally  in  proportion  to  the  amount  of  CO^  of 
respiration. 

Camelley,  Haldane,  and  Anderson  found  that  there  was  a  general  re- 
lationship, so  that  a  high  COj  is,  as  a  rule,  accompanied  by  a  high  organic 
matter,  and  vice  versdy  although  this  is  by  no  means  always  the  case.^ 

When  the  air  of  inhabited  rooms  is  drawn  through  pure  water,  and  the 
free  ammonia  got  rid  off,  distillation  with  alkaline  permanganate,  in  the 
method  of  Wanklyn,  gives  a  perceptible  quantity  of  "  albuminoid  ammonia." 
In  a  bed-room  at  9  p.m.,  A.  Smith*  found  0*1901  milligrammes  in  1  cubic 
metre  of  air ;  at  7  a.m.  there  were  0*3346  milligrammes  in  each  cubic  metre. 

The  average  of  eight  observations  in  the  external  air  (at  Portsmouth) 
gave  0*0935  of  free  NHg,  and  0*0886  of  albuminoid  NHj  in  milligrammes 
per  cubic  metre.  In  the  Portsmouth  General  Hospital  the  free  NHg  was  as 
high  as  0*855,  and  the  albuminoid  1*307.* 

The  following  is  from  de  Chaumont's  Reports  on  the  Ventilation  Ex- 
periments at  St  Mary's  Hospital,  Paddington : — 

Milligrammes  per  Cubic  Metre. 


Total 

FieeNHg. 

Albuminoid 
NHj. 

Organic 
oxygen. 

oxygen  for 

oxidisable 

matter. 

Remarks. 

External  air, 
July  1875, 

1 

0-8574 

0*6280 

... 

1*4300 

TAlr  damp  and  still, 
\     wind  S.W.,  slight 

0*6680 

0*4710 

•  t  • 

1*4900 

D^\ 

0*6669 

0*6770 

1*6100 

Do.    . 

0*3519 

0*6916 

1*3600 

External  air 
AuOTst  1876, 

.1 

00163 

0*6206 

0*4444 

0-6714 

/  Air  dry  and  warm,  wind 
\     S.E.  by  E.,  fresh. 

0*0497 

0*4622 

0*3747 

0*6621 

Do"^ 

nil. 

0*2824 

0*2571 

0-6142 

Do.    . 

0*0310 

0*3576 

0*3101 

0*3567 

Do.   . 

0*0127 

0*6269 

0*2225 

0*4451 

Do.    . 

0*010C 

0*3684 

0*4420 

0*6316 

1  On  this  point  see  table  at  page  184.  »  See  note,  p.  142.  »  Op.  cit. 

*  Air  and  Bain,  p.  436. — If  expressed  as  grammes  per  million  cubic  metres,  the  amount 
is  190*114  and  334-601 ;  in  grains,  in  1  million  cubic  feet,  the  numbers  are  83*074  and 
146-210.  »  Moss,  Lancet,  Nov.  8, 1872. 
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It  is  evident  that  the  condition  of  the  external  air,  with  regard  to  move- 
ment and  humidity,  has  a  great  deal  to  do  with  the  amount  of  organic 
matter.  The  nitrogen  acids  are  also  met  with ;  in  one  instance,  in  the 
above  experiments,  they  reached  in  a  ward  28*484  milligrammes  per  cubic 
metre,  of  which  0*7392  was  nitrous  and  the  rest  nitric  acid. 

The  Dundee  experiments  already  cited  state  the  organic  matter  in  vols, 
of  oxygen  required  to  oxidise  it  per  1,000,000.  This  is  equal  to  c.c.  per 
cubic  metre,  each  c.c.  of  oxygen  weighing  1*43  of  a  milligramme.  The 
results  are  much  higher  than  those  in  the  above  table,  the  mean  oxygen  for 
organic  matter  in  the  external  air  in  the  town  being  8*9,  and  in  the  suburbs 
2*8  vols,  per  1,000,000 ;  they  would  equal  12*7  and  4  milligrammes  re- 
spectively. In  dwellings  it  was  found  to  increase,  though  not  to  the  marked 
extent  that  was  observed  in  bacteria^  but  the  increase  was  sufficiently  pro- 
portionate to  the  COg  to  support  the  view  that  they  are  generally  coincident, 
although  varying  much  in  individual  cases.  On  the  other  hand,  there 
seems  little  relation  between  the  COg  and  the  number  of  micro-organisms.^ 

Air  vitiated  by  Combustion, 
The  products  of  firing  pass  out  into  the  atmosphere  at  large ;  those  of 
lighting  are  for  the  most  part  allowed  to  diffuse  in  the  room. 
Coal  of  average  quality  gives  oflf  in  combustion — 

1.  Carbon. — About  1  per  cent,  of  the  coal  is  given  oflf  as  fine  carbon  and 
tarry  particles. 

2.  Carbon  dioxide, — In  Manchester,  Angus  Smith  calculated  some  years 
ago  that  15,000  tons  of  carbon  dioxide  were  daily  thrown  out>  and  the 
quantity  must  now  be  still  larger.  In  London  over  30,000  tons  of  coal  a  day 
are  consumed,  and  this  would  yield  nearly  90,000  tons  of  carbon  dioxide. 

3.  Carbon  monoxide, — ^The  amount  depends  on  the  perfection  of  combustion. 

4.  Stdphur,  sulphur  dioxide,  and  sidphuric  acid, — The  amount  of  sulphur 
in  coal  varies  from  ^  to  6  or  7  per  cent.  In  the  air  of  Manchester,  A.  Smith 
found  1  grain  of  sulphuric  acid  in  2000  and  1076  cubic  feet. 

5.  Carbon  distdphide, 

6.  Ammonium  sulphide  or  carbonate, 

7.  Hydrogen  sulphide  (sometimes). 

8.  Water, 

From  some  manufactories  there  pour  out  much  greater  quantities  of  SOg 
(copper  works),  arsenical  fumes,  hydrogen  sulphide,  carbon  dioxide,  &c. 

For  complete  combustion  1  ^  of  coal  demands  about  240  cubic  feet  of  air. 

Wood  produces  carbon  dioxide  and  monoxide  and  water  in  large  quantity, 
but  few  compounds  of  sulphur.  1  5)  of  dried  wood  demands  about  120 
cubic  feet  of  air  for  complete  combustion. 

Coal-gas,  when  fairly  purified,  is  composed  of — 

Hydrogen,       ..... 

Marsh  gas  (light  carburetted  hydrogen  or  methane), 

Carbon  monoxide, 

Olefiant  gas  (ethylene  or  ethene). 

Acetylene  (or  ethine). 

Hydrogen  sulphide,    . 

Nitrogen, 

Carbon  dioxide. 

Sulphur  dioxide. 

Ammonia  or  ammonium  sulphide, 

Carbon  disulphide, 


••} 


In  100  parts. 

40         to 

45-58 

35         to 

40 

3         to 

6-6 

3        to 

4 

2        to 

8 

0-29   to 

1 

2        to 

2-5 

3        to 

875 

•5     to 

1 

(or  in  the  best  cannel- 

coal  gas  OB 

ly  traces). 

1  Phil,  Trans.,  loc.  cit.  See  also  "The  Determinatiou  of  Organic  Matter  in  the  Air,"  by 
Professor  Thos.  Camelley,  D.Sc,  and  Wm.  Mackie,  M.A,,  University  College,  Dundee. — 
Proc.  Royal  Society,  vol.  xli.  p.  238. 
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In  some  analyses  the  carbon  monoxide  has  been  as  high  as  11  per  cent., 
and  the  light  carburetted  hydrogen  56  ;  in  such  cases  the  amount  of  hydrogen 
is  small.  As  much  as  60  grains  of  sulphur  have  been  found  in  100  cubic 
feet  of  gas.^  According  to  the  standard  of  the  Metropolitan  Gas  Referees, 
all  gas  must  be  wholly  free  from  HgS,  the  maximum  of  sulphur  (in  com- 
poimds  other  than  H^S),  allowable  is  17  grains  per  100  cubic  feet,  and  the 
maximum  of  ammonia  is  4  grains  per  100  cubic  feet.  In  badly  purified 
gas  there  may  be  a  great  nimiber  of  substances  in  small  amount,  especially 
hydrocarbons  and  alcohols,  such  as  propylene,  butylene,  amylene,  benzole, 
xylol,  some  of  the  nitrogenous  oily  bases,  such  as  pyrrol,  picoUne,  &c.^ 

When  the  gas  is  partly  burnt,  the  hydrogen  and  light  and  heavy  car- 
buretted hydrogens  are  almost  destroyed;  nitrogen  (67  per  cent),  water 
(16  per  cent.),  carbon  dioxide  (7  per  cent),  and  carbon  monoxide  (5  to  6 
per  cent),  with  sulphur  dioxide  and  ammonia,  being  the  principal  resultants. 
And  these  products  escape  usually  into  the  air  of  rooms.  With  perfect 
combustion  there  will  be  Httle  carbon  monoxide. 

According  to  the  quality  of  the  gas,  1  cubic  foot  of  gas  will  imite  with 
from  0*9  to  1  '64  cubic  feet  of  oxygen,  and  produces  on  an  average  2  cubic 
feet  of  carbon  dioxide,  and  from  0*2  to  0*5  grains  of  sulphur  dioxide.  In 
other  words,  1  cubic  foot  of  gas  will  destroy  the  entire  oxygen  of  about  8 
cubic  feet  of  air.  One  cubic  foot  of  gas  will  raise  the  temperature  of  31,290 
cubic  feet  of  air  V  Fahr. 

Mr  Preece  (Sanitary  Congress,  1890),  gave  the  following  as  the  relative 
power  of  different  illuminants. 

The  standard  of  light  being  given  by  a  No.  6  sperm  candle,  burning  120 
grains  per  hour,  the  energy  of  one  horse-power  constantly  expended  will 
give  by  the  aid  of — 

Tallow, . 
Sperm,  . 

Oil,       .  .  . 

Gas, 

Electric  current— Glow, 
„  „         Arc, 

The  results  to  the  air  of  these  different  modes  of  producing  artificial 
illumination  are  well  shown  by  the  following  table : — 

Products  of  Combustion  in  Developing  100  Candles  per  hour. 


the 

light  of  6  candles 

:;  13  ■ 

„     248 
„  1492 

Qaantlty  consumed, 
lbs. 

C0«  produced, 
Cub.  feet. 

Water  vapour, 
lbs. 

Heat, 
Calorics. 

Tallow, 

oSr,"".    :    :    : 

Gas,      ...        . 
Electricity,   . 

2-2 

17 

1-8 
66  cub.  ft 
(Coal)  2-2 

61-2 
41-3 
83-6 
40-3 
0  0 

2-8 
2-0 
1-8 
2-5 
0-0 

9,700 

7,960 

7,200 

12,160 
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OH. — A  lamp  with  a  moderately  good  wick  burns  about  154  grains  of  oil 
per  hour,  consumes  the  oxygen  of  about  3*2  cubic  feet  of  air,  and  produces 
a  little  more  than  ^  a  cubic  foot  of  carbon  dioxide ;  1  tt)  of  oil  demands  from 
140  to  160  cubic  feet  of  air  for  complete  combustion. 

1  Chemical  News,  March  1866,  p.  154. 

3  For  a  fuller  list  of  these  substances,  which  do  not  appear  very  imi)ortant,  see  Pappenheim'^ 
Hafidbuch  der  San,  Pol.,  Band  ilL,  Sapp.  p.  261. 
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A  candle  of  6  to  the  5b  Inirns  per  hour  about  170  grains,  and  requires  4 
cubic  foot  of  air  for  its  complete  combustion. 

The  products  of  the  combustion  of  coal  and  wood  pass  into  the  atmosphere, 
and  usually  are  at  once  largely  diluted*  Diffusion  and  the  ever-moving  air 
nipidly  purify  the  atmosphere  from  carbon  dioxide. 

It  is  not  so,  however,  with  the  suspended  carbon  and  tarry  matters,  which 
are  too  heavy  to  drift  far  or  to  ascend  high.  As  a  ride,  the  particles  of  car- 
bon are  not  found  higher  thiiii  600  feet ;  and  the  way  it  accumulates  in  the 
lower  strati!  of  the  atmosphere  can  he  seen  by  looking  at  any  lofty  building 
in  London.  The  air  of  London  is  8o  loaded  with  carbon,  that  even  when 
there  is  no  fog>  particles  can  he  collected  on  Pouchet*s  afiroscope  wdien  only 
a  very  small  quantity  of  air  is  drawn  through. 

It  is  apparently  chiefly  from  combii^ition,  and  in  some  cases  from  chemical 
works,  that  the  air  of  towns  contains  so  much  acid  as  to  make  rain-water 
acid.  In  Miinchostrer,  in  1868,  Angus  Smith  found  the  rain  to  contain 
from  8  tf»  2  of  sulphuric  acid  (free  and  combined),  and  from  1824  to  0'041 
of  hydrochloric  sicid  per  100,000  parts.  In  Liverpool  and  Newcastle  air 
the  smne  thing  occurs  ]  the  sul|>huric  acid  is  always  larger  in  amount  than 
the  hydrochloric, 

KSu][4iurous  and  sulphiu'ic  acids  also  appear  to  he  less  rapidly  removed,  as 
Angus  Smith  fomid  a  perceptible  quantity  in  the  air  of  Manchester ;  and  the 
rsiin-water  is  often  made  acid  from  this  cause. 

The  products  of  gas  combiL'^tion  are  for  the  most  part  allowed  to  escape 
into  rooms,  but  certainly  this  sboidd  not  be  allowed  when  gas  is  burnt  in 
the  large  quantitie^s  commonly  used.  The  iaimense  quantity  of  gas  often  used 
causes  great  heat,  and  hniuidity  of  the  mi\  and  there  is  also  some  sulphur 
dioxid<\  an  exce^  of  ciir1>on  dioxide,  and,  probably,  a  little  carbr>n  monoxide, 
to  wldeli  some  of  the  effi-cl^  may  be  due.  Weaver^  found  as  much  as  5*32 
volumes  of  carbon  dioxiiie  per  1000  in  the  room  of  a  frame- work  knitter  in 
Leicester,  with  H  gas-lights  burning.  In  other  workrooms  the  amounts 
were  5*28,  4 '6,  dowii  Uj  2*11  volumes  per  1000.  This  amount  has  a  very 
injurious  effect  on  health,  as  shown  long  ago  by  Dr  Guy.  In  a  workshop 
in  Paris,  with  400  men  and  400  gas-burners,  the  health  of  the  men  was 
very  bad.  Crenenil  Morin  introduced  good  ventilation,  and  the  number  of 
cases  of  illness  was  reduced  onc4hird.  The  appetite  of  tlie  men,  formerly 
very  bad,  greatly  improved-  According  to  Dr  Zock,^  coal  gas  gives  off 
rather  more  carbon  dioxide  for  an  e<|ual  illuminating  power  than  oil,  but  less 
than  petroleum.  Dr  Odling  found,  for  equal  illuminatmg  power,  that  candles 
gave  more  impurity  t^j  the  air  than  givs.'*  Gas  gives  out,  however,  more 
water* 

Carnelley  and  Mackie  *  show  that  tlie  coml uistlon  of  coal  exercises  a 
marked  effect  on  the  organic  matter  in  the  air  of  towns;  but  that  the 
combustion  of  coal  gas  in  a  room  has  not  much  effect  in  increasing  tlie 
orgjinic  matter,  whereas  a  burning  oil  lamp  has  a  marked  effect 

In  tobacco  smoke  are  contained  particles  of  nicothie  or  its  salts  (Heuhel), 
and  probably  of  picoline  bases.  Tliere  is  also  much  carbon  dioxide,  ammonia, 
and  butyric  acid. 

Dr  Ripley  Nichols  has  investigated  the  air  in  smoking  cars  on  American 
railways,  and  found  the  CO^  to  range  from  0*98  to  3 "35  per  1000,  with  a 
mean  of  2  278  :  in  onlinary  non-smoking  cars  the  COg  varied  from  1*74  to 

1  £a»«^,  July  1872. 
I  i  ZfUteKHir  BioL,  Band  U.  p.  117  (ISm), 

^^  ♦  Proc.  R0^.  8oe,,  VOL  xli. 
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3'67,  with  a  mean  of  2*32,  so  that  there  was  not  much  difference  as  far  as 
CO)  went.  As  regards  ammonia,  however,  the  difference  was  great,  for 
(taking  the  external  air  ratio  as  ICK))  he  found  in  the  smoking  car  from  310 
to  575,  whilst  in  the  ordinary  cars  it  was  only  135  to  175.  Kone  of  the 
peculiar  products  of  the  combustion  of  tobacco  were  found.^ 

Air  vitiated  by  Effluvia  from  Sewage  Matter  and  Air  of  Sewers. 

Air  of  CcMspools. — ^The  air  of  cesspools,  and  especially  of  the  cemented 
pits,  winch  are  still  common  in  many  continental  towns,  and  which  receive 
little  beyond  the  solid  and  liquid  excreta  and  some  of  the  house  water,  is 
generally  highly  impure.  L^vy*  refers  to  an  extreme  case,  in  which  the 
oxygen  was  lessened  to  20  per  1000,  the  nitrogen  being  940  and  the  COj 
40.  In  this  case  apparently  no  other  gases  were  present;  but  in  most 
instances  there  is  a  variable  amount  of  hydrogen  sulphide,^  ammonium 
sulphide,  nitrogen,  carbon  dioxide,  and  carburettcd  hydrogen,  in  addition  to 
foetid  organic  matters.  These  organic  matters  are  in  largo  amount ;  62  feet 
of  the  air  of  a  cesspool  destroyed,  in  Angus  Smith's  experiments,  as  much 
potassium  permanganate  as  176,000  cubic  feet  of  pure  air,  though  perhaps 
some  hydrc^en  sulphide  may  have  been  also  present.  Ocsterlcn  ^  states  that 
these  gases  will  pass  easily  through  walls ;  and  M.  Hcnnezel  ^  noticed  that  in 
the  "  fosses  d'aisances  "  in  Paris,  even  in  those  covered  with  stone  slabs  and 
earth,  the  wind  blowing  down  the  ventilating  tube  will  force  the  gas  through 
the  neighbouring  waUs,  and  then  })erhaps  into  the  house. 

The  Air  of  Sewers, — In  sewers  the  products  of  decomposition  are  variable, 
as  not  only  solid  and  liquid  excretti  and  house  water,  but  the  washings  and 
debris  of  the  streets,  the  refuse  of  trades,  &c.,  pass  into  the  sewers.  As  a 
rule,  the  products  of  decomposition  of  sewage  appear  to  be  much  the  same 
as  noted  above — viz.,  fastid  organic  matters,  carbo-ammoniacal  substances 
condensing  with  the  water  of  the  air  on  the  cold  walls,  carbon  dioxide, 
nitrogen,  and  hydrogen  sulpliide.^  Tlie  proportions  of  these  gases  are 
variable ;  '^  the  most  common  are  carbon  dioxide  and  nitrogen ;  marsh  gas  is 
found  when  oxidation  is  impeded,  and  hydrogen  sulphide  and  ammonium 
sulphide,  which  form  in  the  sewage  in  most  cases,  are  liberated  from  time  to 
time.  The  gases,  however,  are,  as  a  rule,  of  far  less  importance  than  the 
foetid  organic  matters,  the  exact  nature  of  which  it  would  be  most  desirable 
to  examine  more  thoroughly. 

The  organic  vapour  is  carbo-ammoniacal;  the  pTitrid  substance  in  the 
sewage  appears,  from  Odling's  observations,  to  be  allied  to  the  compound 
ammonias;  it  contains  more  carbon  than  methylamine  (NH2(CH3))  and 
less  than  ethylamine  (NH2(C5jH^) ). 

The  composition  of  sewer  air  will,  of  course,  vary  infinitely  with  the 
amount  of  gases  disengaged  and  the  degree  of  ventilation  in  the  sower.  The 
quantity  of  oxygen  is  sometimes  in  normal  amount ;  it  may,  however,  be 
diminished  in  very  badly  constructed  sewers.  Parent-Duchatelet  gave  an 
analysis  of  the  air  of  a  choked  sewer  in  Paris,  which  contained  only  137*9 
per  1000  of  oxygen,®  and  no  less  than  29*9  per  1000  of  hydrogen  sulphide. 

1  Reprint  from  the  Sixth  Annual  Report  qfthe  Massachusetts  Board  qf  Health. 
a  TraiU  (Tllygiine,  8rd  edit,  p.  636. 

*  Barker,  On  Malaria  and  Miasmata,  p.  245. 

*  Oesterlen,  Hygiene,  1867,  p.  445. 

•  Ann,  d: Hyaline,  Oct  1868,  p.  178. 

•  Oesterlen,  Handb.  der  Hyg.,  2nd  edition,  p.  446. 

y  Dr  Letheby'B  experiments,  as  given  in  his  official  Report,  in  his  article  in  the  Ency- 
dopcBdia  Britannica,  8th  edition  (Sanitary  Science),  &c,  and  in  a  letter  to  Dr  Atlanis  (given 
by  Dr  Adams  in  his  pamphlet,  The  Sanitary  Aspect  qfthe  Sewage  Question,  1868,  p.  34),  are 
the  most  complete  on  this  subject  *  Hygiene  publ.,  t  L  p.  209,  footnote,  and  p.  390. 


152  AIR. 

Excluding  tliis  analysis,  the  greatest  impurity  in  the  old  Parisian  sewers,  as 
determined  by  Gaultier  de  Claubry,  in  19  analyses^  in  1829,  was  34  per 
1000  of  carbon  dioxide  and  12*5  per  1000  of  hydrogen  sulphide  (in  different 
samples  of  air).  The  lowest  amount  of  oxygen  was  174  per  1 000.  Hydrogen 
sulphide  was  present  in  18  out  of  19  cases,  the  mean  of  the  whole  19  cases 
being  8-1  per  1000.  The  mean  amount  of  COg  in  19  cases  was  23  per  1000. 
In  the  present  London  sewers  of  good  construction  the  air  is  much  less 
impure.  Dr  Letheby  found  only  6*32  per  1000  of  COg,  a  good  deal  of 
ammonia,  and  only  traces  of  hydrogen  sulphide  and  marsh  gas.  Dr  Miller's 
experiments  in  1867  ^  gave  a  mean  of  only  1*06  per  1000  of  COg  in  18 
'  analyses,  and  3*07  per  1000  in  6  other  instances,  the  oxygen  207*1  per  1000. 
No  hydrogen  sulphide  was  present.  Dr  Eussell  examined  the  air  in  the 
sewers  of  Paddington  in  August;  the  most  impure  air  contained  207 
oxygen,  787*98  nitrogen,  and  5*1  volumes  of  COg  per  1000;  there  was  veiy 
little  ammonia,  and  no  hydrogen  sulphide.  In  1877  Beetz,  in  Munich, 
found  3*14  vols.  COg,  and  0*22  vols.  NHg  per  1000,  as  an  average  of  5 
analyses. 

It  is  evident  that,  if  we  take  the  carbon  dioxide  and  hydrogen  sulphide 
as  indices,  sewer  air  has  no  constant  composition.  It  is  sometimes  almost 
as  pure  as  the  outside  air,  while  at  other  times  it  may  be  highly  impure. 
But  these  gases  are  probably  the  least  important  ingredients  of  sewer  air ; 
that  organic  matters  are  present  is  evident  from  the  peculiar  foetid  smell, 
and  in  some  cases  they  are  in  large  amount ;  8000  cubic  feet  of  the  air  of 
a  house  into  which  sewer  air  had  penetrated  destroyed  more  than  20 
times  as  much  potassium  permanganate  as  the  same  quantity  of  pure  air 
(Angus  Smith).  Fungi  and  bacteria  grow  rapidly  in  such  air,  and  meat  and 
milk  soon  taint  when  exposed  to  it.  When  the  sewer  air  passes  through 
charcoal  these  substances  are  absorbed ;  they  may  be  partly  oxidised,  as  Dr 
Miller  found  some  nitric  acid  in  the  charcoal,  but  they  also  collect  in  the 
charcoal,  and  can  be  recovered  (in  part  at  any  rate)  from  it  by  distillation.® 

We  must  also  suppose,  for  facts  leave  us  no  other  explanation,  that  those 
xmknown  agencies  which  produce  enteric  fever  may  also  be  present,  and 
there  can  be  little  doubt  that  cholera*  may  occasionally  spread  in  the 
same  way.  The  poison  of  yellow  fever  (as  appears  likely  from  the  epidemic 
in  Madrid)  may  also  exist  in  sewer  air.  Whether  small-pox,  scarlet  fever, 
&c,  can  own  a  similar  channel  of  distribution  is  uncertain,  although  they 
are  no  doubt  aggravated  by  it ;  that  dysentery  and  diarrhoea  may  also  be 
caused  by  exhalations  proceeding  from  a  foul  sewer  we  cannot  doubt,  but  the 
precise  agency  is  here  also  unknown.  Diphtheria  and  acute  follicular 
tonsillitis  are  also  associated  with  sewer  air ;  and,  if  the  disease  does  not 
originate  de  novo,  when  once  it  breaks  out,  its  tendency  is  to  spread  where 
the  air  and  soil  are  polluted  by  sewage.^ 

The  experiments  of  Professor  Frankland  ®  show  that  solid  or  liquid  matter 
is  not  likely  to  be  scattered  into  the  air  from  the  sewage  itself  by  any 
agitation  it  is  likely  to  undergo,  until  gas  begins  to  be  generated  in  it.  He 
found  that  no  ordinary  agitation  (even  greater  than  sewage  is  likely  to 
meet  with)  would  scatter  particles  of  lithia  solution  into  the  air,  but 
that  the  bursting  of  bubbles  of  carbon  dioxide  was  sufificient  to  effect  it. 

1  Parent-Duchatelet's  Uyg.  publique.  t  i.  p.  389. 

2  Abstract  in  Chemical  Newa^  March  1868.  s  Miller,  Chemical  NevoSy  March  1868. 

*  A  case  in  which  sewers  probably  played  a  part  in  the  dissemination  of  cholera  is  given  in 
Dr  Parkes'  Report  on  the  Cholera  in  Southampton  in  1866  to  the  Medical  Officer  of  the  Privy 
Council, 

B  See  L.  G.  B.,  Reports  on  Diphtheria  at  Tredegar ,  and  at  Pontypridd,  by  Mr  John  Spear. 
1890.  «  Proc,  Roy.  Soc,,  1877. 
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Hence  he  argues  (with  apparent  truth)  that  sewage  becomes  dangerous  in 
this  way  only  after  the  setting  in  of  decomposition,  so  that  if  we  take 
proper  steps  to  carry  away  sewage  at  once  the  danger  becomes  reduced  to  a 
minimum. 

Dr  D.  D.  Cunningham  foomd  large  quantities  of  bacteria  in  the  air  of  the 
Calcutta  sewers. 

Miquel  states  that  the  air  of  sewers  is  always  more  or  less  charged  with 
bacteria.  In  some  experiments  made  in  the  sewer  of  the  Eue  de  Eivoli,  in 
Paris,  he  found  from  800  to  900  bacteria  per  cubic  metre,  this  number 
being  tolerably  constant. 

Dr  J.  D.  Robertson,^  of  Penrith,  has  made  bacteriological  investigations 
into  the  air  of  sewers,  and  has  found  various  forms  of  cocct,  bacteria,  and 
bacilli  to  be  present,  besides  moulds.  The  most  common  forms  were  bacilli, 
which  showed  a  great  preponderance  over  micrococci ;  whereas  in  the  open 
air,  cocci  forms  were  more  numerous  than  bacilli.  The  average  number  of 
micro-organisms  per  litre  was  4*2  in  sewer  air  (15  experiments),  and  5*7  in 
open  air  (10  experiments). 

Dr  Alfred  Carpenter  ^  found  that  very  minute  highly  refractive  organisms, 
smaller  than  ordinary  micrococci,  were  present  in  sewer  air,  coincidentally 
with  the  occurrence  of  a  peculiar  sweet  hay-like  odour ;  he  never  perceived 
this  peculiar  smell  without  getting  a  relaxed  throat,  and  a  cough  in  the  next 
day  or  two,  and  on  two  occasions,  a  distinct  feverish  attack  lasting  48 
hours.  At  other  times  there  was  a  smell  of  sulphuretted  hydrogen,  but 
then  no  such  micro-organisms  would  be  present.  He  concluded  that  these 
minute  organisms  were  the  cause  of  the  feverish  sore  throat. 

The  experiments  of  Camelley  and  Haldane  on  the  air  in  the  sewers  of  the 
Houses  of  Parliament,  and  in  Dimdee,  led  them  to  the  following  conclu- 
sions : — (1)  That  the  air  of  the  sewers  was  much  better  than  might  have 
been  expected ;  (2)  that  the  carbonic  acid  was  about  twice,  and  the  organic 
matter  rather  more  than  three  timas  as  great  as  in  the  outside  air  at  the 
same  time,  whereas  the  number  of  micro-organisms  was  less ;  (3)  that,  in 
reference  to  the  guantity  of  these  three  constituents,  the  sewer  air  was  in  a 
very  much  better  condition  than  that  of  naturally  ventilated  schools,  and 
that,  with  the  notable  exception  of  organic  matter,  it  had  likewise  the 
advantage  of  mechanically  ventilated  schools ;  (4)  that  the  sewer  air  con- 
tained a  much  smaller  number  of  organisms  than  any  class  of  house. 

In  the  Westminster  sewer  the  COg  ranged  from  0*49  to  0*89  per  1000 
vols.,  the  oxygen  required  for  oxidisable  matter  from  1  to  12*9  vols,  per 
1,000,000,  and  the  micro-organisms  from  0*5  to  38  per  litre;  in  the  Dundee 
sewers  these  nimibers  were  respectively  0*55  to  1*09,  3*1  to  18*2,  and  2*5  to 
25.     The  average  results  of  the  whole  series  were — 


CO,. 

0-76 
0-37 

Oxygen. 

Micro- 
organisms. 

In  sewers,       .         . 
In  outside  air,     '    . 

72 
2-2 

8-9 
15-9 

They  consider  that  the  COg  is  chiefly  due  to  the  oxidation  of  organic 
matter  in  the  sewage  and  sewer  air,  and  that  the  micro-organisms  present  in 
sewer  air  are  derived  from  the  outside  air  and  not  from  the  sewage  itself.^ 

1  Ji.M,J.,  Dec.  15, 1888.  a  AAf./.,  June  22,  1889. 

s  Proc  Roy.Soc,,  June  1887,  vol.  xliL 
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Air  of  Churchyards  and  Vaults, 

The  decomposition  of  bodies  gives  rise  to  a  very  large  amount  of  carbon 
dioxide.  It  has  been  calculated  that,  when  intramural  burial  was  carried 
on  in  London,  2i  millions  of  cubic  feet  of  CO3  were  disengaged  annually 
from  the  52,000  bodies  then  buried.  Ammonia  and  an  offensive  putrid 
vapour  are  also  given  off.  The  air  of  most  cemeteries  is  richer  in  COg  than 
ordinary  air  (0*7  to  0*9  per  1000,  Ramon  da  Luna),  and  the  organic  matter 
is  perceptibly  larger  when  tested  by  potassium  permanganate.  Li  vaults, 
the  air  contains  much  COg,  carbonate  or  sulphide  of  ammonium,  nitrogen, 
hydrogen  sulphide,  and  organic  matter  (Pellieux).  Waller  Lewes  found 
little  SH«  or  CH^,  or  cyanogen,  or  hydrogen  phosphide.  In  his  experiments 
the  gas  always  extinguished  flame.     Fungi  and  germs  of  infusoria  abound. 

Air  vitiated  by  certain  Trades, 

Hydrochloric  acid  gas,  from  alkali  works. 

Sulphur  dioxide  and  sulphuric  acid,  from  copper  works — ^bleaching. 

Hydrogen  sulphide,  from  several  chemical  works,  especially  of  ammonia. 

Carbon  dioxide,  carbon  monoxide,  and  hydrogen  sulphide,  from  brick- 
fields and  cement- works. 

Carbon  monoxide  (in  addition  to  above  cases),  from  iron  furnaces,  may 
amount  to  from  22  to  25  per  cent.  (Letheby);  from  copper  furnaces,  15  to 
19  per  cent.  (Letheby). 

Organic  vapours,  from  glue  refiners,  bone-burners,  slaughter-houses, 
knackeries. 

Zinc  fumes  (oxide  of  zinc),  from  brassfounders. 

Arsenical  fumes,  from  copper  smelting. 

Phosphoric  fumes,  from  manufacture  of  matches. 

Carbon  disulphide,  from  some  india-rubber  works. 

Air  of  Towns, 

The  air  of  towns  may  be  vitiated  by  respiration,  combustion,  effluvia  from 
the  soil,  sewers,  and  trades.  The  movement  of  the  air  tends,  however,  to 
continually  dilute  and  remove  these  impurities,  and  the  heavier  particles 
deposit,  so  that  the  air  even  of  manufacturing  towns  is  purer  than  might 
have  been  anticipated.  The  amount  of  oxygen  in  the  atmosphere  in  the 
purest  air  near  the  surface  of  the  earth,  being  taken  as  from  209  to  209*9 
per  1000  volumes,  and  the  carbon  dioxide  being  from  0*3  to  0*45  per  1000, 
with  a  mean  of  0*4,  it  would  appear,  from  Angus  Smith's  observations,^  that 
in  a  crowded  part  of  Manchester,  exposed  to  smoke,  the  amount  of  oxygen 
was  from  208*68  to  201-79  per  1000;  the  average  of  the  street  air  taken 
from  the  laboratory  front  door  was,  in  Manchester,  209*43 ;  of  the  closet^  a 
midden  behind  the  laboratory,  207.  In  the  London  air,  in  the  open  spaces, 
the  oxygen  amounted  to  209*5  ;  in  the  crowded  eastern  districts  to  208*57.* 
In  a  foggy  frost,  in  Manchester,  when  the  smoke  was  not  moving  much,  the 
amount  was  209*1.  In  Glasgow  the  average  was  209*092.  The  variations 
are,  therefore,  within  narrow  limits. 

The  percentage  lessening  of  oxygen  in  atmospheric  air  is  partly  made  up 
by  an  increase  in  the  carbon  dioxide ;  but  if  a  town  is  well  built,  the  increase 
is  trifling ;  the  mean  amount  of  COg  for  London,  in  Roscoe's  experiments, 
was  only  0*37  per  1000  volumes ;  in  Manchester,  in  usual  weather,  A.  Smith 

1  Air  and  Rain,  p.  24.  >  A.  Smith,  op,  city  p.  80. 
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found  the  amoimt  0*403  per  1000  ;  during  fogs,  O'GTO ;  in  the  airnhovo  the 
middens,  0*774  per  1000.  In  the  neighhourhood  of  St  Mary's  Hospital, 
Paddington^  df  ChaimTunt  found  the  mean  CO^  to  he  0'560,  in  damp  still 
weather,  July  1875 ;  tlie  fiume  locality  in  dr}%  hot  weather,  -with  a  good  deal 
of  raovement  of  aii",  0-416  per  1000  (Aug.  1876) ;  in  the  neighhourhocKi  of 
Universitj^  College  Hospitjd,  damp  weather,  0*736  per  lOOQ,  in  Fehruary 
1877.  In  Glasgow,  the  average  CO^  was  0*502,  and  in  Perth,  0"416  per 
1000.^  In  Dundee  it  wa.^  0*390^  there  being  a  slight  difference  between 
night  and  day,  but  only  0'280  in  the  suburljs  (Carnclley,  Haldane,  and 
Anderson),  In  foreign  cities  the  amount  is  gi'eater,  and  surpasses  the  normal 
limit  in  air.  In  Madrid,  Ramon  da  Lima  found  0*517  as  a  mean  avei-age, 
and  in  some  eases  0*8  per  1000;  in  Munich,  the  amount  is  0'5  per  1000. 
These  numbers  seem,  after  all,  insignificant,  but  they  are  not  really  so,  as  the 
aggregate?  difference^  if  only  0*1  per  1000,  is  considerable.  In  the  air  of 
towns  which  burn  coal  there  are  also,  as  noted,  an  excess  of  acidity  (sidphnric 
and  hych-ocldoric  acids),  and  various  suspended  matters,  which  no  doubt 
have  injurious  effects,^ 

Tlie  fiir  of  most  towns,  in  addition  to  ammonia,  also  contains  a  nitro- 
genous snlistance  wliic!),  when  conrlensed  in  pure  water,  can  be  made  t^i 
yield  all)uminoid  anmionia  by  Wanklyn's  mctlRxl.  In  various  places  in 
London  A.  Smith^  found  the  amount  to  average  0"1509  miiligrammes  of 
allumiinoid  ammonia  in  1  cubic  metre.  The  greatest  amount  was  in  a  field 
2  miles  past  Clapham  Junction  {viz.,  0'27108  milligrammes  per  cubic  metre), 
and  the  least  was  in  Westminster  Abbey  3'ard  (0  0855  milligrammes).  At 
the  shore  at  IimeUan  (Firth  of  Clyde),  the  amount  was  0*1378  mOligrammes, 
and  the  mean  in  the  streets  of  Glasgow  was  0'3049  milligrammes  per  cubic 
metre.  In  the  air  of  the  Underground  Railway,  in  London,  the  amount  was 
0*3734  mdligrammes.  In  the  garden  of  8t  Mary's  Hospital,  Paddington, 
de  Chaumont  foimd  0^5280  and  0*5206  mgms.  per  cubic  metre.  In  the 
liaek  yard  of  Univereity  College  Hospital.  0'2060  and  0*3675.  The  mean 
of  Mr  Mosses  ex]>eriments  in  the  open  air  of  Portsmouth  was  rather  less,  viz., 
0*0886  millignmimes  of  albuminoid  ammonia  per  cubic  metre.  Tlda 
ammonia  may  be  derived  from  the  living  beings  in  the  air,  or  from  dead 
organic  matter ;  and  to  bring  out  the  full  meaning  of  such  researches,  the 
chemical  must  be  supplemented  by  a  microscopical  exanunation  with  culti- 
vation experiments.  Ozone  is  generally  absent  in  town  air,  but  Marie-Davy 
found  at  Montsonris  an  average  of  0*0115  milligrammes  per  cubic  metre.* 
TIiLs,  however,  dci>onds  very  much  ujxm  the  situation  of  the  observ^atory 
and  the  directi*m  of  the  prevailing  win^is.  The  wind  blowing  from  the  open 
countr}^  is  richer  in  ozone  than  that  coming  from  the  town.* 

These  observations  prove  how  ijnp>ortant  it  is  to  build  towns  in  such  a 
way  as  to  ensure  good  perflation  and  movement  of  air  everywhere,  and  to 
provide  open  s]}aces  in  all  the  densely-crowded  parts.  The  great  powers  of 
nature,  i^inds,  and  the  fall  of  rain,  wiD  then,  for  the  most  part,  keep  th© 
atmospheric  impurities  witlun  limits  not  injurious  to  health. 

Air  of  Mavifhes, 

The  air  of  typical  marshes  contains  usually  an  excess  of  carbon  dioxide, 

1  A.  Smith,  Airand  Main,  p.  50  e< tea, 

3  There  arti  also  uitrous  jmd  nitric  acitis^  due  probably  to  the  oxid&tioD  of  oiigftQie  ma^enk 

*  A  ir  and  Ra in,  p,  437.  Th(3  re&ult»  are  stated  in  niilUgmmmes  per  ojMq  metre,  instead  of 
grammcii  j>er  million  ctibio  roetn^s. 

*  Anntmire  df  VOhstmiioirt  de  MonUtnmspour  fan  18S2, 
0  See  Fodor,  Die  Li{/t,  p.  8i,  1881. 
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which  amounts  perhaps,  to  0*6  or  0*8  or  more  per  1000  volumes.  Watery 
vapour  is  usually  in  large  quantity.  Hydrogen  sulphide  is  present,  if  the 
water  of  the  marsh  contains  sulphates,  which  in  presence  of  organic  matter 
are  converted  into  sulphides,  from  which  SHg  is  derived  by  the  action  of 
vegetable  acids.  Marsh  gas  is  also  often  present,  and  occasionally  free 
hydrogen  and  ammonia,  and,  it  is  said,  hydrogen  phosphide.^ 

Organic  matter  also  exists  in  considerable  quantity.  Discovered  by 
Vauquelin  (1810  and  1811,  in  the  air  collected  over  the  Languedoc  marshes), 
by  De  Lisle,  and  again  by  Moscati  (1818,  in  the  air  of  a  Lombardy  rice- 
field),  and  exammed  by  Boussingault  (1829, 1839),  Gigot  (1859),  and  Becchi 
(1861),  the  organic  matter  seems  to  have  much  the  same  character  always. 
It  blackens  sulphuric  acid  when  the  air  is  drawn  through  it ;  gives  a  reddish 
colour  to  nitrate  of  silver;  has  a  flocculent  appearance,  and  sometimes  a 
peculiar  marshy  smell,  and,  heated  with  soda-lime,  aiOfords  evidence  of 
ammonia.  The  amount  in  Becchi's  experiments  was  O'0O027  grammes  in  a 
cubic  metre  of  air  (  =  0*000118  grains  in  1  cubic  foot).  Ozone,  led  through 
a  solution  of  this  organic  matter,  did  not  destroy  it.  It  is  said  to  destroy 
quinine.  Besides  the  organic  matter,  various  vegetable  matters  and  animals, 
floating  in  the  air,  are  arrested  when  the  air  of  marshes  is  drawn  through 
water  or  sulphuric  acid,  and  debris  of  plants,  infusoria^  insects,  and  even,  it 
is  said,  small  Crustacea^  are  found ;  the  ascensional  force  given  by  the  eva- 
poration of  water  seems,  indeed,  to  be  sufficient  to  lift  comparatively  large 
animals  into  the  air.  Dr  M.  P.  Balestra  ^  has  described  spores  and  sporangia 
of  a  httle  algoid  plant  in  the  air  of  Rome  and  its  vicinity,  and  the  same  plant 
is  found  abundantly  in  the  water  of  the  marshes  near  Rome.  Balestra  is 
inclined  to  attribute  marsh  fever  to  this  widely-dififused  "microphyte 
granule";  whilst  the  researches  of  Klebs  and  Tommasi-Crudeli  have  led 
them  to  attribute  it  to  a  form  of  hacillus,  which  they  have  called  B,  malarice,^ 
It  has  been  stated  that  ozone  is  deficient  in  the  air  over  marshes,  but  the 
observations  of  Burdel  *  do  not  confirm  this.  He  often  found  as  much  ozone 
as  in  other  air.  In  the  air  collected  from  the  surface  of  lakes  containing 
some  aquatic  plants,  especially  Chara^  there  is  a  large  proportion  of  oxygen, 
and  this  air  gives,  near  the  surface,  the  reaction  of  ozone  (Clemens),  while  at 
some  feet  above  the  reaction  is  lost.  This  is  usually  ascribed  to  the  oxida- 
tion of  organic  matter,  which  rises  simultaneously  from  the  water. 

Air  in  the  Holds  of  Ships, 

.The  air  in  the  holds  of  ships  is  compounded  of  exhalations  from  the  wood, 
bilge- water,  and  cargo.  Owing  to  the  comparative  immobility  of  the  air,  it 
often  becomes  extremely  foul.  The  composition  is  not  known,  but  the  smell 
of  hydrogen  sulphide  is  very  perceptible,  and  white  paint  is  blackened.  In 
some  cases,  when  the  water-tcoiks  are  filled  with  condensed  water  from  the 
engines,  which  is  not  well  cooled,  the  hold  may  become  extremely  hot  (100° 
to  120°  Fahr.),  and  decomposition  be  much  increased. 

Air  in  Mines, 
In  the  metalliferous  mines  the  air,  accorduig  to  Angus  Smith,^  is  poor  in 

1  Toropoff  (of  St  Petersburg)  considers  malariA  poison  gaseous ;  after  removing  water, 
oxygen,  and  carbon  dioxide,  he  found  marsh  air  still  yielded  84  to  89  per  cent,  of  gaseous 
matter,  whQst  hill  air  gave  only  81.  >  Comptes  JRendtu,  1870,  No.  3,  July,  p.  285. 

'  Studii  suUa  Naiura  delta  Malaria,  Roma^  1879. 

*  Recherchcs  sur  Us  Jiivres  paludfenneSj  1858. 

'  Jieport  on  Mines,  Blue  Boole,  1864. 
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oxygen  (205  per  1000  sometimes)  and  very  rich  in  carbon  dioxide  (7 '85 
per  1000  volumes  on  a  mean  of  many  experiments).  It  also  contains 
organic  matter,  giving,  when  burnt,  the  smell  of  burnt  feathers,  in  uncer- 
tain amount  These  impurities  arise  from  respiration,  combustion  from 
lights,  and  from  gunpowder  blasting.  This  latter  process  adds  to  the  air, 
in  addition  to  carbon  dioxide,  carbon  monoxide,  hydrogen  and  hydrogen 
sulphide,  various  solid  particles,  consisting  of  suspended  salts,  which  may 
amount  to  as  much  as  6  or  7  milligrammes  in  each  cubic  metre  of  air. 
These  suspended  substances  are  principally  potassium  sulphate,  carbonate, 
hyposulphite,  sulphide,  sulphocyanide,  and  nitrate,  carbon,  sulphur,  and 
ammonium  sesquicarbonate.  Much  of  this  may  be  avoided  by  the  process 
of  getting  coal,  by  means  of  compressed  quicklime,  which  is  slaked  in  holes 
drilled  in  the  coal. 

Dr  T.  G.  Nasmyth  found  the  average  amount  of  COj  present  in  moderately 
deep  coal  mines  to  be  1-81  per  1000,  and  in  deep  mines  of  over  100  fathoms, 
2*19  per  1000 :  the  oxygen  in  deep  mines  was  204  vols,  per  1000 ;  and  the 
amount  of  oxygen  required  to  oxidise  oxidisable  matter,  both  in  the  deep 
and  in  the  moderately  deep  mines,  was  30  vols,  per  raillion.  Micrococci, 
bacteria,  and  bacilli,  as  well  as  yeasts  and  moulds,  were  foimd  by  cultivation 
experiments.^ 

SECTION  11. 

DISEASES  PEODUCED  BY  IMPURITIES  IN  AIR. 

Sub-Section  I. — Sdspbndbd  Solid  Matters. 

1.  Inorganic  and  Inaniniate  Substances, — The  effect  which  is  produced 
on  the  respiratory  organs  by  substances  inhaled  into  the  lungs  has  long  been 
known.  Ramazzini  and  several  other  writers  in  the  last  century,  and 
Thackrah  more  than  fifty  years  ago  in  this  country,  directed  special  atten- 
tion to  this  point,  and  since  that  time  a  great  amount  of  evidence  has 
accumulated,^  which  shows  that  the  effect  of  dust  of  different  kinds  in  the 
air  is  a  far  more  potent  cause  of  respiratory  diseases  than  is  usually  ad- 
mitted. Affections  of  the  digestive  organs  are  also  caused,  but  in  a  much 
slighter  degree.  The  respiratory  affections  are  frequently  recurring  catarrhs 
(either  dry  or  \nth  expectoration)  and  bronchitis,  with  subsequent  emphy- 
sema, although  this  sequence  appears  from  the  figures  given  by  Hirt  to  be 
not  quite  so  frequent  as  was  supposed,  perhaps  from  the  cough  not  being 
violent.  Acute  pneumonia,  and  especially  chronic  non-tubercular  phthisis, 
are  also  produced.  The  suspended  matters  in  the  air  which  may  produce 
these  affections  may  be  mineral,  vegetable,  or  animal ;  but  it  would  seem 
that  the  severity  of  the  effects  is  chiefly  dependent  on  the  amount  of  dust, 
and  on  the  physical  conditions  as  to  angularity,  roughness,  or  smoothness 
of  the  particles,  and  not  on  the  nature  of  the  substance,  except  in  some 
special  cases.     A  large  number  of  the  unhealthy  trades  are  chiefly  so  from 

1  B.M.J.,  1888,  ii.  222. 

a  The  whole  subject  has  been  very  careftillv  investigate<l  by  Hirt  Die  Krankheitcn  der 
Arbeiter^  Erate  Theil,  Staubinhalations-Krankheiteny  von  Dr  L.  Hirt,  1871.  See  also  Petten- 
kofer  and  Zienisaen's  UandJbuch  der  Hygiene  und  Oewerbe  Krankheiten,  Dr  J.  T.  Arlidge— 
Milroy  Lectures  on  Occupations  and  Trades  in  relation  to  Public  Health.  B.M.J.^  March 
and  April,  1889.  There  Is  also  much  infonuation  in  the  Supp,  to  ifUh  Report  of  Reg,  Oeneral, 
by  Dr  Ogle. 
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this  cause ;  this  is  the  case,  in  fact,  with  mmers  of  all  kinds. ^  Sir  J.  Simon  ^ 
states  that,  with  ono  exception,  the  300,000  miners  in  England  hreak  dowti 
as  a  cla&B  prematurely  from  hronchitis  and  pneumonia  caused  by  tbo  atmo* 
sphere  in  wliich  they  liv^e.  The  exception  is  most  important.  The  colliers 
of  Durham  and  Korthumherland^  where  the  mines  are  well  ventilated,  do 
not  appear  to  suti'er  from  an  excess  of  pulmonary  disease,  or  do  so  in  a 
slight  degree  oidy.  In  different  mines,  also,  the  amount  of  pulmonary 
disease  is  diiferent,  apparently  according  to  the  amount  of  ventilation. 
The  following  table  is  given  by  the  Registrar- General :  ^ — 

Average  Annual  Decdlis  per  1000  fnmi  PuJmmianj  Dueasea  during  the 
Years  1860-62  indudve.  ' 


Ages. 

Jlfitttl  Minor* 

Mi-to)  mmxn 

Hetnl  Miners 

UAlea,  cxcluilve 
in  TorfcAhine. 

In  CamwalL 

In  VnritshJrc. 

In  WiUc». 

Between  15  and  26  yonn. 

8-77 

3*40 

3-02 

3-97 

»r       26    „    85     ,. 

4a6 

6*40 

4i9 

5'15 

n        »5    „    45     „ 

7*89 

1176 

10^62 

3'52 

„       45    „    55     „ 

19  75 

23^18 

1471 

5-21 

ti        55    „    65     „ 

43*2ft 

41-47 

35*31 

7*22 

»       65    „    76     ,, 

4504 

'         53-69 

48-31 

17*44 

The  enomioiLH  increase  of  lung  diseases  among  the  miners  after  the  age  of 
35  is  seen  at  a  glance, 

Dr  Ogle  *  has  shown  that  tlie  "  comparative  mortjility  figure  '^  of  Cornish 
miners  was  1839  in  1880-82,  that  of  ail  male^  being  lODO,  and  all  Cornish 
male^  887,  The  great  bulk  of  this  excessive  mortality  is  from  phthisis 
and  respiratory  dise^ises,  tlie  deaths  from  which  were  1148,  whilst  amongst 
coal  miners  generally  throughout  England  and  Wales  these  diseases  gave 
only  328»  It  is  not  therefore  mining  per  m  wMcli  induces  tliis  excessi"ve 
mortality,  but  conditions  peculiar  to  the  mining  carried  on  in  Cornwall, 
whieh  is  almost  exclusively  tin  mining,  in  which  the  dust  disengaged  is 
more  irrittmt  and  the  ventilation  more  im|H"rfect  than  in  coal  mines, 

Dr  A.  S.  Underhill  ^  baa  drawn  attention  to  the  great  decrease  in  special 
disease  of  the  Inngs  amongst  the  South  Statford,shire  colliers,  which  he  attri- 
butes to  the  better  ventilation  of  mines;  and  Dr  T,  G,  Nasniyth^  even 
considers  that  coal  miners  now  have  as  good  health,  if  not  Ijetter,  than 
above*groiind  labourers^  as  far  as  rebels  the  limgs,  Dr  Arlidge,''  in  Ms 
Milroy  lectures,  has,  however,  dissented  from  this  opinion. 

The  following  statistics  from  Dr  Ogle^s  Report,  already  referred  to,  show 


^  Thackrah  enuinenitea  the  following  in  hds  work  on  tbe  Effects  o/Arta^  Trades,  and  Pro- 
/$S8um»  on  Bealih,  1832,  p.  63 :— Thtt  workmen  who  were  (Lffected  injurioimly  by  the  dnst  of 
their  tndee  Ally  yeftrs  ago,  and  the  same  list  will  almost  do  for  tht>  |»re»ent  liay  :  Com-niillers, 
niiUtfiters,  teamen,  coffee-roastcrB,  snuff-mAkerB,  papiirmakerB,  flock-dressers,  feather -flnsRsers. 
slioddy-gTinderK,  weavers  of  coverlets,  weavers  of  harding,  dres&era  of  hair*  batters  employod 
in  the  bowing  department,  dressen  of  coloured  leather,  workers  in  flax,  dnsaera  of  bemp^  some 
workers  in  wood,  wire-gnuderB,  masona,  oollierfi,  iron  miners,  lead  mineni,  grinders  of  metals, 
flle-cutterf*,  mac1iine-m&k«n,  mAkers  of  firearms,  button-makers.  Hirt  {op,  ciL)  al^o  givea  an 
extended  table. 

*  Fourth  Beport  of  the  Medical  Officer  of  tkr  Privy  Coit?icil,  1862,  p.  16  ei  96q, 
»  Report  of  the  Commit»umer$  on  Mines ^  Blue  Book,  1864, 

^  SuTip.  to  Abth  Report  of  Rrg,  Oenl 

*  B.M.  AwociatioD  meeting^  1889. 
«  B.MJ„Ang.  4, 1&88. 

^  Op,  cit. 
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that  in  all  coal-mining  districts  miners  have  a  lower  mortality  than  the 
general  population  from  phthisis  and  respiratory  diseases,  except  in  South 
Wales  and  Staffordshire,  though  even  here  the  phthisis  mortality  is  lower  : — 

Comparative  Mortality, 


MnrxBB. 

All  Hales. 

Phthisia. 

li^lj^ry 

PhthisU. 

Reiplratory 
Diaeaae. 

g-  ^Durham  and  Northumberland, 

9     Tiancashire, 

;2  J  West  Riding,         .... 

^  J  Derby  and  Notts,  .... 

1     Staffordshire,         .... 

O  >^  S.  Wales  and  Monmonth,      . 
Iron.  North  Riding  and  other  Districts, 
Tin.    Cornwall, 

135 
125 
111 
118 
102 
166 
141 
690 

122 
229 
172 
1S8 
260 
293 
206 
458 

178 
250 
235 
166 
174 
202 

203 

165 
307 
213 
148 
226 
209 

165 

In  the  pottery  trade  all  classes  of  workmen  are  exposed  to  dust>  especially, 
however,  the  flat-pressers.  So  common  is  emphysema  that  it  is  called  "  the 
potters'  asthma." 

So  also  among  the  china  scourers ;  the  light  flint  dust  disengaged  in  great 
quantities  is  a  "  terrible  irritant"  Dr  Greenhow  states  that  all  sooner  or 
later  become  "  asthmaticaL" 

The  grinders  of  steel,  especially  of  the  finer  tools,  are  perhaps  the  most 
fatally  attacked  of  all,  though  of  late  years  the  evil  has  been  somewhat 
lessened  by  the  introduction  of  wet-grinding  in  some  cases,  by  the  use  of 
ventilated  wheel-boxes,  and  by  covering  the  work  with  linen  covers  when 
practicable.  The  wearing  of  masks  and  coverings  for  the  mouth  appears  to 
be  inconvenient,  otherwise  there  is  no  doubt  that  a  great  amount  of  the  dust 
might  be  stopped  by  very  simple  contrivances.^ 

Button-msiers,  especially  the  makers  of  pearl  buttons,  also  suffer  from 
chronic  bronchitis,  which  is  often  attended  with  hcemoptysis.  So  also  pin- 
pointers,  some  electro-plate  workmen,  and  many  other  trades  of  the  like 
kind,  are  more  or  less  similarly  affected. 

In  some  of  the  textile  manufactures  much  harm  is  done  in  the  same  way. 
In  the  carding  rooms  of  cotton,  and  wool,  and  silk  spinners,  there  is  a  great 
amount  of  dust  and  flue,  and  the  daily  grinding  of  the  engines  disengages 
also  fine  particles  of  steel.  Since  the  cotton  famine,  a  size  composed  in  part 
of  china  clay  (35-35  grains  of  clay  in  100  of  sizing  on  an  average)  has  been 
much  used  in  cotton  mills,  and  the  dust  arising  has  produced  injurious 
effects  on  the  lungs  of  the  weaver.* 

In  order  to  communicate  the  necessary  amount  of  humidity,  without 
which  the  warp  thus  sized  with  china  clay  could  not  be  woven,  of  late  years 
steam  has  been  injected  into  the  weaving  sheds,  so  that  the  weavers,  instead 
of  breathing  in  dust,  fill  their  lungs  with  moisture,  and  work  all  day  in 
damp  clothes,  becoming  very  liable  to  bronchitis,  &c.,  on  leaving  the  over- 
heated factory. 

In  flax  factories  a  very  irritating  dust  is  produced  in  the  process  of  hack- 
ling, carding,  line  preparing,  and  tow-spinning.     Of  107  operatives,  whose 

1  See  for  further  particulars  and  much  interesting  information  Dr  Hall's  paper  read  at  the 
Social  Science  Congress  in  1865. 

s  G.  Buchanan's  Report  on  certain  Sizing  Processee  used  in  Vie  Cotton  Mani{faeture  at 
Todmorden,  Ordered  to  be  printed  by  the  House  of  Commons,  May  1872 ;  also  Heport  by 
Dr  Bridges  and  Mr  Osbom.    See  BM,J.,  AprU  6, 1889. 
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cases  were  taken  indiscriininately  by  Dr  Greenliow,  no  less  than  79  were 
sufTering  from  bronchial  irritation,  and  in  19  of  these  there  had  been 
hflBmoptysis.  Among  27  hacklers,  23  were  diseased.^  In  shoddy  factories, 
also,  the  same  thing  occurs.  These  evils  appear  to  be  entirely  and  easily 
preventible.  In  some  kinds  of  glass-making,  also,  the  workmen  suffer  from 
floating  particles  of  sand  and  felspar,  and  sometimes  potash  or  soda-salts. 

The  makers  of  grinding-stones  suffer  in  the  same  way;  and  children 
working  in  the  making  of  sand-paper  are  seriously  affected,  sometimes  in  a 
very  short  time,  by  the  inhalation  of  fine  particles  of  sand  into  the  lungs. 

In  making  Portland  cement,  the  burnt  masses  of  cement  are  ground  down 
and  then  the  powder  is  shovelled  into  sacks ;  the  workmen  doing  this  cough 
a  great  deal,  and  often  expectorate  little  masses  of  cement.  Some  of  them 
have  stated  that  if  they  had  to  do  the  same  work  every  day  it  would  be 
impossible  to  continue  it  on  account  of  the  lung  affection.  Sir  Charles 
Cameron  has  called  attention  to  the  fatal  effects  of  vapours  of  silicon 
fluoride  in  making  superphosphate;  it  forms  a  gelatinous  deposit  on  the 
mucous  membrane  of  the  air  passages,  and  causes  death  by  suffocation.^ 

The  mortality  among  workers  in  certain  dust-producing  trades  from 
phthisis  and  respiratory  disease,  as  compared  with  the  mortality  in  England 
and  Wales  generally,  is  shown  in  the  following  table,  deaths  from  all  causes 
in  males  being  taken  as  1000  : — 

Comparative  Mortality, 

All  Males  (England  and  Wales), 
Earthenware  Manufacturers,. 

File  makers, 

Miners  (Cornwall), 

Printers, 


ithlflls. 

RespiiatoTy  Dlaeaaes. 

220 

182 

473 

645 

433 

860 

690 

458 

461 
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The  makers  of  matches,  who  were  exposed  to  the  fumes  of  phosphorus, 
suffered  formerly  from  necrosis  of  the  jaw,  if  there  were  any  exposed  part 
on  which  the  fumes  could  act.  This,  however,  is  now  obviated  by  the  use 
of  amorphous  or  red  phosphorus,  which  is  harmless. 

In  making  bichromate  of  potash,  the  heat  and  vapour  employed  carry  up 
fine  particles,  which  lodge  in  the  nose  and  cause  great  irritation,  and  finally 
ulceration,  and  destruction  of  both  mucous  membrane  and  bone.  Those 
who  take  snuff  escape  this.  The  mouth  is  not  affected,  as  the  fluids  dissolve 
and  get  rid  of  the  salt.  The  skin  is  also  irritated  if  the  salt  is  rubbed  on  it,  and 
fistulous  sores  are  apt  to  be  produced.  No  effect  is  noticed  to  be  produced  on 
the  lungs.^     Washing  the  skin  with  subacetate  of  lead  is  the  best  treatment 

In  the  process  of  sulphuring  \'ines  the  eyes  often  suffer,  and  sometimes 
(especially  when  lime  is  used  with  the  sulphur)  decided  bronchitis  is  produced. 

In  some  trades,  or  under  special  circumstances,  the  fumes  of  metals,  or 
particles  of  metallic  compounds,  pass  into  the  air.  Brassfounders  suffer 
from  bronchitis  and  asthma,  as  in  other  trades  in  which  dust  is  inhaled ; 
but  in  addition  they  also  suffer  from  the  disease  described  by  Thackrah  as 
"brass  ague,"  and  by  Dr  Greenhow  as  " brassf ounder's  ague."  It  has  been 
thought  to  have  been  produced  by  the  inhalation  of  fumes  of  zinc  oxide  ^ 

1  Sir  J.  Simon's  Fourth  Report^y.  19. 

a  On  the  Toxicity  of  Sili<:on  Flmride^  by  Sir  Charles  A.  Cameron,  M.D.,  &c.,  reprinted 
from  the  Dublin  Journal  qf  Medical  Science^  January  1887. 

3  Chevallier,  Ann,  d'Hygiine,  July  1863,  p.  83. 

<  Some  doubt  has  been  expressed  as  to  those  symptoms  being  produced  hy  pure  zinc  fumes  ; 
see  Hirt  {pp.  cit.),  who  says  that  men  employed  in  making  zinc  houses,  where  they  inhale  »Mr<! 
zinc  fumes  without  copper,  never  suffer  from  brassfounder's  ague.  On  the  other  hana,  he 
(lescribes  very  graphically  the  effect  of  the  metallic  fumes  (copper  ?)  on  himself.  The  workmen 
think  that  driiu^ing  large  quantities  of  milk  lessens  the  severity  of  the  attacks. 
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tlie  symptoms  are  tightness  and  oppression  of  the  chest,  with  iiidelinite 
nervous  swL^ition.s  followed  by  shivering,  an  indistinct  hot  stage,  and  pro- 
fuse sweating.     The^e  attacks  are  not  periodical. 

I>r  Hogben  mentions  also  colic,  constipation  and  dyspeptic  symptoms, 
and  considers  the  cause  to  be  chriiuic  copper  poisoning.  Accor*iing  to 
T)r  R.  M.  Simon,  the  term  "  agize  **  is  altogether  a  misnomer,  there  being  no 
periodicity  in  tlie  atlection,  which  includes  nervous  as  well  as  pulmonary 
juid  digestive  symptoms,  duo  probably  to  an  admixture  of  zinc  and  copper 
poisoning.^ 

Coppei'smiths  are  aflEected  somewhat  in  the  same  way,  by  the  fumes 
arising  froia  the  partly  volatihsed  metal,  or  from  the  spelter  (solder). 

Tinplate  workers  also  sutler  occasionally  from  the  fumes  of  the  soldering. 

Plimil)ers  inhale  the  volatilised  oxide  of  lead  which  rises  during  the 
prccess  L»f  easting.  Nausc^i  and  tightness  of  the  chest  are  the  first 
symptoms,  and  then  colic  and  jjalsy. 

Manufacturers  of  white  lead  inhale  the  dust  chiefly  from  the  white  beds 
and  the  packing. 

House  painters  also  inhah?  the  dust  of  white  lead  to  a  certain  extent, 
though  in  these,  as  in  former  cases,  much  lead  is  swallowed  from  want  of 
cleanliness  of  the  hands  in  taking  food. 

Workers  in  ti:>baceo  faetfiries  stilfer  in  some  cases,  and  there  are  persons 
who  can  never  get  accustomed  to  the  work  ;  yet  with  proper  care  and 
ventilation  it  appears  '^  that  no  bad  effects  ordinariiy  result. 

Workers  in  mercury*  silverers  of  mirrors,  and  water  gilders  (lut-n  wiio 
coat  silver  with  an  amalgam  of  mercury  and  gold)  are  subject  to  Tncrcuriab 
ismus.  But  electricity  has  rendered  gilding  with  the  aid  of  mercury  to 
some  extent  obsolete ;  and  the  making  of  mirrors  with  nitrate  of  silver  wiB 
ultimately  abolish  all  the  horrors  of  mercurial  labour. 

Workmen  who  use  arsenical  compoimtis,  either  in  the  making  of  wall 
papers  or  of  artificial  flowers,  &c.,  suffer  from  slight  symptoms  of  arsenical 
poisoning,  and  many  persons  who  have  inhaled  the  dust  of  rooms  papered 
with  arsenical  papers  havesulfered  from  both  loeal  and  constitutional  eliects.^ 
Arsenic  has  lieen  detected  in  the  uriiie  of  such  persons. 

A.  Manouvrie^*  gives  an  account  of  the  diseases  among  workmen  hi 
France  employed  in  making  patent  fuel,  a  mixture  of  coal-dust  and  pitch. 
He  says  they  sufFer  from  melanodeniiy,  cutaneous  eruptions,  and  epi- 
thelial cancers,  affections  of  the  eyes,  ears,  and  nose ;  bronchitis  mth  pid- 
monary  pseudomelanosis ;  and  gastro-entero-hepatic  disorders.  Hirt  also 
mentions  some  of  the  diseases  produced  among  workmen  by  the  various 
tar-prodncts. 

2.  Living  SuhsfanceSt  Bacteria  ^  Ftimji^  Algce,  or  their  Germ  a,  en*  Pollen  m* 
Efflfivia  of  Floicers, — That  summer  catarrh  or  hay -fever  is  produced  in  many 
peraona  by  the  pollen  from  grasses  (especitdly  Ajithoxanthum  odoraium),  trees, 
or  flowers  is  now  generally  admitted.  The  researches  rtf  Dr  Blackley/  of 
Manchester  (himself  a  sufferer),  have  placed  tlie  matter  Iwyomi  a  doubt. 
In  his  case,  at  leiist,  it  was  pollen  that  produced  the  disease,  and  not  the 
effluvia  merely.  Coumariii  had  no  effect.  Grass-pollen  (which  constitutes 
^5  per  cent,  uf  the  pollen  floating  in  the  atmosphere)  and  the  pollen  from 
pine-trees  were  the  most  powerful  in  eflect.  Curiously  enough,  the  pollen 
of    poisonous    plants,    such   as    the    Solanaceoa,    was   often   comparatively 

>  Birminf/ham  Medical  R^vifw,  May  1887,  and  B.Ji.J,,  April  28, 1888. 

«  Hirt.  op.  cit.,  tj.  162,  163, 

»  See  iJAtNir  by  Mr  Jubejt  Hogg,  Santlarv  Record,  April  25, 1879, 

«  AnmU  d'HYt/iAw,  UatcIi  l87d.  >  Op.  ciL 
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innocuous.  It  is  also  known  that  the  spores  o(  certain  funfji^  In  falliiig  oa 
a  proper  soil,  may  cause  disease  of  the  skin  in  men,  and  tlisit  Titiea  and 
Favus  are  thus  sometimes  spread  seems  cerUin.  Dr  HaHsbury,  of  Ohio, 
attempted  to  trace  a^ie  to  a  FahneDa ;  others  have  ascnbe<l  it  to  the 
Oscillarinece  generally  ;  Dr  Balestrti  l>elieves  that  mahiria  is  caused  by  a 
special  ahja^  and  Klebs  and  Tommaai-Crudeli  attribute  it  Uj  the  so-called 
BariUm  malariw, 

Dr  D.  JJ.  Cunningham  says  that  he  was  unable  to  connect  any  diseaae,  in 
Calcntti*,  with  the  occurrence  of  bacteria  or  other  bodies  in  the  air,  either  as 
regiirds  variation  in  kind  or  in  quantity. 

Blackley  found  that  Cha€toniu7ii  elatum  (bristle  mould)  [iriMhired  nausea, 
fainting^  anti  giddiness,  and  the  spores  of  Fenieiilium  (inhaleil)  lirought  on 
hoarseness,  going  im  to  complete  aphonia :  the  condition  lasttnl  t^vo  days,  and 
ended  in  a  sharjiish  attiick  of  catarrh. 

Pettenkofer,  von  Kagcli,  Foilor,  and  many  others  distinctly  attribute 
specific  diseases  to  bacteria  of  certain  kinds-  The  connection  of  the  wool- 
sorters'  disease  with  the  existence  of  a  hacilhis  (Bctcillus  anthrariit)  in  the 
body  of  the  patient  baa  l>een  established,  and  this  is  in  all  probability  inhaled 
from  the  atmosphere  in  which  the  men  work, 
^  Koch  has  ilenionstrafced  the  presence  of  a  hacUlu^  (BotHUm  tuheri'idosis)  in 
Hhfius  of  phthisis,  and  luis  succeeded  in  cultivating  it,  and  propagating  the 
disease  by  that  means.^ 

3.  The  Ccmtagia. — Under  this  head  it  mil  be  convenient  to  include  the 
causes  known  or  unknown  of  the  specific  diseases.  That  these  in  some  cases 
(scarlet  fever,  smiitIi>ox,  me4isles,  typhus,  cholera,  entf^ic  fever,  plague,  per- 
tussis, yellow  fever,  influenza,  &c.)  reach  the  person  through  the  mrdium  of 
air  (as  well  as  in  some  cases  through  water  or  food)  caimot  be  doubted. 
Some  of  these  contagia  have  in  some  "vv^ay  a  power  of  growth  and  multiplica* 
tion  in  the  body  of  a  susceptible  animal,  but  whether  they  can  lind  nourisli- 
ment,  and  thus  grow,  in  tiie  air  is  yet  doubtful.  It  s^ems  clear^  liowever, 
that  they  can  retain  the  powei-s  of  gro^rtli  for  some  time,  as  the  sinalljHix 
and  scarlet  fever  poisons  may  infect  the  air  of  a  room  for  w^eeks,  and  cattli' 
plague  and  enteric  fever  jioisons  will  last  for  mcaiths,*  and  in  this  they 
resemble  Frotoi*veci  and  other  low  forms  of  life,  wliicli  can  be  dried  for 
years  and  yet  ret^tin  viUility. 

The  exact  condition  of  the  agency  is  unknown  ;  whether  it  is  in  tiie  form 
of  impalpable  particles,  or  n)oist  or  dned  epithelium  and  pus  cells^  is  a  point 
for  future  inquiry ;  and  wdiether  it  is  always  contained  in  the  aulistances 
discharged  or  tlirown  oli'  from  the  tiody  (as  is  certainly  the  esise  in  smallpox), 
or  is  produced  by  putrefactive  changes  in  those  discharges,  as  was  supix>sed  to 
be  the  case  in  cholera  and  dysenterj^,  is  also  a  matter  of  doubt.  Bake  well  ^ 
collected  dust  deposited  at  a  height  of  7  or  8  feet  in  smallpox  Avanls,  whicli 

1  Dr  SfiJisbury  Iias  also  affirmed  that  tlic  prevalence  of  meaalefl  in  the  Fetleral  unwy  arose  from 
/unffi  from  mouldy  straw.  He  inoculated  bimaeir,  Uia  wife,  mid  forty  other  persons  with  the 
/uwjif  and  produced  &  di9««se  like  measle*  iu  frt>m  tweuty-four  to  iiLuety-«ix  hours.  It  ii 
Etat«d  ftI<iO  tiiAt  this  diaeaae  ww  protective  agnuit^t  meas^les.  Dr  Woodwui-il  (Uiiit4.*(I  Sinter 
Army)  has  lepented  Dr  Salisbunr  fi  experiineulK^  Ijut  doea  cot  confirm  them  {Camp  tHaeatf^ 
in  the  IKS.  Army^  iw  27>  Th«  nmeits  h  a  PenidUium.  ProfeKsor  Hallier»  of  Jcnji^  ha**  to 
fiome  extent  adopt e<l  the  view  thnt  /wti^t  give  rise  to  some  of  the  apeciSc  di«eaiiex,  and  tliat 
th«  B}>ortf8  tlofit  in  thu  air,  and  iin»  tlinii  comniunifatetl,  but  the  proofs  aria  not  aati*ifACtory. 
Many  [wpcrs  on  this  subject  by  Uidlior  and  others  are  contaimid  in  Hallier'A  ZeU9ckr%fl 
/If  Pamytttnltitidf. 

*  The  Ifjug  reteution  of  jiower  by  the  enteric  fever  i>oisou  is  shown  by  a  case  rel&t4»d  by  Dr 
Bechet  {sinnjf  Mf*ikal  JMpartniefit  Report^  vol.  x.  p.  237).  The  enteric  i^oiion  appears  to 
have  adhenfd  to  the  walbk  and  ceiling,  and  to  have  retaimsd  its  power  to  excite  diseaae  iu 
afiOthur  tx'Tson  for  ji  mouth. 

>  Med.  Tiifut  and  GoieiU,  Dec  7, 1872. 
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contained  the  minute  scabs  with  the  epidermic  scales  and  varioloTis  corpuscles 
which  are  thrown  off  from  the  skin  in  smallpox.  Some  modem  expositors 
of  the  old  doctrine  of  fomites  would  consider  these  organic  matters  to  be 
inconceivably  minute  particles  of  living,  or  to  use  Dr  Beale's  phrase,  bioplastic 
matter,  which  is  capable,  he  believes,  of  wonderfully  rapid  growth  under 
proper  conditions.^  But  it  is  now  known  that  some,  and  it  is  probable  that 
many  more,  of  the  disease  poisons  are  really  living  organisms,  such  as  the 
bacteria  mentioned  in  the  preceding  paragraph. 

The  specific  poisons  manifestly  differ  in  the  ease  with  which  they  are 
oxidised  and  destroyed.  The  poison  of  typhus  exanthematicus  is  very 
readily  got  rid  of  by  free  ventilation,  by  means  of  which  it  must  be  at  once 
diluted  and  oxidised,  so  that  a  few  feet  give,  under  such  circumstances, 
sufficient  protection.  This  is  the  case  also  with  the  poison  of  oriental  plague, 
while,  on  the  other  hand,  the  poisons  of  smallpox  and  scarlet  fever  will 
spread  in  spite  of  very  free  ventilation,  and  retain  their  power  of  causing  the 
same  disease  for  a  long  time.  In  the  case  of  malaria  the  process  of  oxida- 
tion must  be  slow,  since  the  poison  can  certainly  be  carried  for  many  hun- 
dred yards,  even  sometimes  for  more  than  a  mile  in  an  upward  direction  (up 
a  ravine,  for  instance),  or  horizontally,  if  it  does  not  pass  over  the  surface  of 
water.  The  poison  of  cholera,  also,  some  have  supposed,  can  be  blown  by 
the  winds  for  some  distance  ;  but  the  most  recent  observations  on  its  mode 
of  spread  lead  to  the  conclusion  that  the  portability  of  the  poison  in  this  way 
has  been  greatly  overrated.  The  poison  of  diphtheria  is  said  also  to  be 
transported  some  distance  by  wind. 

But  the  specific  poisons  are  not  the  only  suspended  substances  which  thus 
float  through  the  atmosphere. 

There  can  be  no  doubt  that  while  purulent  and  granular  ophthalmia  most 
frequently  spread  by  direct  transference  of  the  pus  or  epithelium  cells,  by 
means  of  towels,  &c.,  and  that  erysipelas  and  hospital  gangrene,  in  surgical 
wards,  are  often  carried  in  a  similar  way,  by  dirty  sponges  and  dressings, 
another  mode  of  transference  is  by  the  passage  into  the  atmosphere  of  disin- 
tegrating pus  cells  and  putrefying  organic  particles,  and  hence  the  great  effect 
of  free  ventilation  in  military  ophthalmia  (Stromeyer),  and  in  erysipelas  ^  and 
hospital  gangrene.  In  both  these  diseases  great  evaporation  from  the  walls 
or  floor  seems  in  some  way  to  aid  the  diffusion,  either  by  giving  a  great 
degree  of  humidity  or  in  some  other  way.  The  practice  of  frequently  wash- 
ing the  floors  of  hospitals  is  well  known  to  increase  the  chance  of  erysipelas, 
and  this  might  be  explained,  as  von  Nageli  suggests,  by  the  moisture  and 
subsequent  drying  helping  the  development  and  subsequent  dissemination  of 
minute  organisms. 

Sub-Section  II. — Gaseous  Matters. 

(a)  Carbon  Dioxide. — ^The  normal  quantity  of  COg  being  0*3  to  0*4 
volumes  per  1000,  it  produces  fatal  results  when  the  amount  reaches  from 
60  to  100  per  1000  volumes;  and  at  an  amount  much  below  this,  15  to  20 
per  1000,  it  produces,  in  some  persons  at  any  rate,  severe  headache.  Other 
persons  can  inhale,  for  a  brief  period,  considerable  quantities  of  carbon 
dioxide  without  injury ;  ^  and  animals  can  be  kept  for  a  long  time  in  an 
atmosphere  highly  charged  with  it,  pro'V'ided  the  amount  of  oxygen  be  also 
increased.      In  the  air  of  respiration,  headache  and  vertigo  are  produced 

*  See  chapter  on  Disinfection  for  a  fuller  notice  of  these  j)olnt8. 
2  See  de  Chaumont's  Reports  on  St  Mary's  Hospital,  loc.  cit, 

5  It  is  stated  that  Sir  J.  Simpson  employed  air  containing  20  per  cent  of  carbon  dioxide  as 
an  anaesthetic,  and  no  ill  effects  were  produced.    (Taylor's  Jurispntdence,  1883,  ii.  99. ) 
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when  the  amoimt  of  CO^  is  not  more  than  1  '5  to  3  volumes  per  1000  ;  but 
then  organic  matters,  ajid  possibly  other  gjt^es,  are  present  in  the  air,  and 
the  amount  of  oxygen  is  also  k\«;.^ened,  W^eli-siiikers,  when  not  actually 
diAa1)led  from  continuing  tlieir  work  by  CO^,  are  often  alfceted  by  hea^iache, 
sickness,  and  loss  of  ajipetite  j  but  the  amount  of  CUo  has  never  been 
detenu  in<^d. 

The  effect  of  constantly  breiithing  an  atmosphere  containing  an  excess  of 
CO2  {np  to  1  or  1*5  per  1000  vulumes)  is  not  yet  perfectly  known,  Dr 
Angus  Smitli  ^  attempted  to  determine  its  effect  per  se,  thi3  influence  of 
the  organic  matter  of  respiration  lieing  eliminateiL  lie  found  that  30 
volumes  per  1000  caused  great  feebleness  of  the  circulation,  with,  usually, 
slowness  of  the  heart's  action ;  the  respirations  were,  on  the  contrary, 
quickened,  but  were  sometimes  gasping.  These  effects  lessened  when  the 
amount  was  smaller^  but  w^ere  perceptible  when  the  amoimt  was  as  low  ajs 
1  volume  ]}er  1000 — an  amount  often  exceeded  in  dwellmg-houses.  At  the 
same  time^  this  is  not  t]ie  case  alw^a3'8,  for  in  the  air  of  a  soda-water  manu* 
factory,  wdien  CO^  was  2  per  lOOO,  Smith  found  no  discomfort  to  be 
produced.  The  eficcts  noticed  by  Smith  have  not  been  observed  in  experi- 
ments on  animals  by  Demarquay,  W,  Mtiller,  and  Eulenberg,^  nor  in  other 
ciises  in  men,  as  iji  the  bath  at  Oeynliausen,  where  no  effect  is  jjroduced  bj& 
the  air  of  the  room  in  wliich  the  bathers  i-emain  for  30  to  60  minutes, 
although  it  contains  a  large  percentage.  Hirt  iinds  no  gympt^inis  of  clixonic 
poisraiing  by  COg,  even  in  tnwles  where  acute  ^wisoning  occasionally  occura^ 

The  presence  of  a  vcrj^  large  amount  of  CO^  in  the  air  may  lessen  its 
(^lirniiiation  from  the  hmgs,  and  thus  retain  tlie  gas  in  the  blood,  and  in 
time  possibly  produce  serious  alterations  in  nutrition, 

(b)  Oarbmi  Monoxide. — (Jf  the  immense  eflect  of  carbon  monoxide  there 
is  no  doubt.  Less  than  5  vols,  per  1000  have  produced  piisouoits  symptoms, 
and  more  than  10  per  1000  is  rapidly  fatal  ttj  animals.  It  appears  from 
Berujirds  and  from  Loth'ar  Meyer's  observations*  that  the  gas,  volume  for 
Volume,  completely  replaces  the  oxygen  in  the  blood,  and  cannot  he  again 
di8|>l{K'ed  hy  oxygen,  so  that  the  perstnn  dies  asphyxiated;  Imt  Pokrowsky 
has  showm  ^  that  it  may  gradually  he  converted  into  carbon  dioxide,  and  be 
got  rid  of.  It  seems,  in  fact,  as  Hoppe-Seyler  conjectured,  to  completely 
paralyse,  so  to  sjieak,  the  rwi  particles,  so  that  they  cannot  any  lunger  l>e 
the  carriers  of  oxygen.  The  observations  of  Dr  Kleber*^  show  that,  in 
addition  to  loss  of  consciousness  and  destruction  of  retlex  action,  it  causes 
complete  atony  of  the  a  essels,  diminution  of  the  vascular  pressure,  and 
slowness  of  circulation,  and  finally  paralysis  of  the  heart.  A  very  rapid 
parenchymatous  degeneration  takes  place  in  the  heart  and  muscles  gene- 
rally, and  in  the  liver,  spleen,  and  kidneys.  Hirt^  says  that  at  high 
temperatures  (25*  to  32"  Cent.  =  77"^  to  90"  Fahr.)  it  produces  convulsions, 
hut  not  at  low  temperatures  (8°  to  12''  Cent.  —  46"  to  54*  Fahr.). 

Two  cases  of  poisoning  by  this  gas  occurretl  at  Leeds  in  1889  :  the  men 
were  found  dead  in  a  cabin,  where  there  had  been  an  escape  of  **  water-gas," 
which  contains  from  30  to  40  per  cent,  of  carhou  monoxide.  Br  Stevenson 
found  CO  to  he  present  in  the  bhxxl,  pleund  fluid,  ^rino  and  stomach 
contents :  the  visct»ra  and  blood  TCmained  long  free  from  putrofajctiQn,  and 

J  A  ir  and  Raxn^  p.  209  el  seq, 

a  Quoted  by  Rothnnd  L<53C,  op.  ciL^  p,  17<5. 

»  Dit  Krankh<Ueii  dtr  ArbeiUr,  Erste  Abtheilanff,  a**' Theil,  1873. 

*  De  Sanguine  Qxydo-carhonicM  Ifi/edv,  1S58.  Keviewed  in  VirchowVs  ArcHiv,  Band  xr, 
309.    Sec  Alio  Lctheby.  Chfmieml  News,  April  18e2. 

»  Virchow'a  Arthit,  Band  iii.  p.  526  |1864>. 

•  Vircbow's  Arcki\\  Band  xxsaL  \\  i&O  (1865).  '  C^,  cU, 
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the  hlofKl  retained  its  rosy  colour  for  nearly  a  month.  Tlie  gas  being 
inoflorous  and  uiiirritating,  prodiicejs  its  poisonous  ell'ectt?  insidiously,  one  of 
the  early  symptoms  lieiiig  loss  of  the  power  of  movement,  or  even  of 
the  desire  to  make  any  exertion.  A  mixture  of  air  and  CO,  to  the  extent 
of  4  per  cent,  of  the  hittor,  caused  convulsions  in  a  mouse  in  half  a  minute, 
and  df^ath  in  a  minute  and  a  half.  A  half  per  cent,  mixture  killed  a  mouse 
in  If  hours  without  convulsions.  It  is  suited  that  one  part  per  1000  of  CO, 
corresponding  approximately  to  2 '5  per  1000  of  water-gas,  is  mjurious. 
Water-gas  being  inodorous,  requires  to  be  "odorised'*  to  he  used  with 
safety :  mercaptan  and  pyridine  are  employed  for  this  purpose.  Many 
cases  of  water-gas  poisoning,  due  to  carbon  monoxide,  have  lately  been  re- 
ported in  America.^ 

Rohuriie^  a  mixture  of  di-nitro-benzene^  chloro-nitro-benzene,  andjammo- 
nium  nitrate,  has  lately  been  used  as  an  explosive  in  coal  mines,  as  it  has 
the  advant^'e  of  not  pro^lucing  any  iiam«  such  as  niight  ignite  ctoal  dust,  or 
any  inflammable  gas  in  the  mine.  Miners  making  use  of  this  compound 
have  been  found  to  suffer  from  pains  in  the  bead  and  stamacb,  difficulty  of 
breathing  on  exertion,  and  loss  of  muscidar  power ;  with,  in  severe  cases, 
bliieness  of  lips,  bigh-coloiired  urine  and  loss  of  consciousness.  These 
symptoms  may  be  acute  or  chronic :  they  are  characteristic  of  nitro-benzene 
poisoning.  Other  persons,  not  hamlling  tlie  rob u rite  cartridges,  but  exposed 
Ut  its  fumes,  suffered  from  headache,  tightness  across  the  forehead,  loss  of 
muscular  power,  drowsiness,  and  occasionally  vertigo,  followed  by  vomiting. 
Carbon  monoxide  is  produced  by  its  explosion,  imd  eveiy  care  should 
be  taken  to  remove  the  fumes  by  thorough  ventilation,^ 

Somewhat  similar  symptoms,  but  especially  marked  cyanosis,  have  lieen 
noted  in  connection  with  the  manufacturo  of  the  "Sicherheit  explosive."^ 

((•)  Hydrogen  Sidphule. — The  evidence  with  regard  to  this  gas  is  contra- 
dictory. While  dog-j  and  horses  are  tdlected  by  comparatively  small  quanti- 
ties (1*26  tmd  4  volumes  per  1000  volumes  of  air),  and  sutler  from  purging 
and  rapid  prostration,  men  can  breathe  a  larger  quantity.  Parent- 
Duch^telet  inhaled  an  atmo.sphere  contahiiiig  29  volumes  per  1000  for 
some  short  time,* 

When  inhaled  in  smaller  quantities,  and  more  continuously,  it  has 
appeared  in  some  cases  harmless,  in  others  hurtful,  Thackrah,  in  Ms 
inquiries,  could  trace  no  had  effects.  It  is  said  that  in  the  Bonnington 
cbejnical    w^orks^  where  the  anamoniacal  liquor  from  the   Edinburgh   gas- 

» works  is  converted  into  sulphate  and  chloride  of  ammonium,  the  workmen 
are  exposed  to  the  fumes  of  ammonium  and  hydrogen  sulphides  to  such  an 
aactent  that  coins  are  blackened  ;  yet  no  special  malady  is  known  to  residt 
Xba  same  observations  have  been  made  at  the  Ilritannia-metal  works,  wdiere 
a  superficial  deposit  of  sulphide  is  decomposed  with  acids. 
Hirt^  has  no  doubt  of  tlie  occurrence  of  chrome  poisoning  among  men 
who  work  among  large  quantitie^a  of  the  gas.  The  symptoms  are  chiefly 
weakness^  depression,  perfect  imorexia,  slow  pulse,  furred  tongue,  mucous 
membrane  of  the  mouth  pale,  as  is  also  the  face.  Sometimes  there  is 
fiaunculoid  eruption  on  difierent  pjarts  of  the  l»ody.  In  some  cases  there 
vertigo,  headache,  nause^i,  diarrhoea,  emaciation,  and  head  symptotna, 

Pnmncml  MecL  Journal,  January  1890^ 

*  Report  of  Committee  on  effect  of  robuTite,  &c.,  RM,J,t  Jime  15, 1889. 

*  J5.  M.J. ,  July  20  and  Augrwt  3. 1889. 

*  Ou  dngs,  Herbert  Barker  founti  a  luru^r  qTiantity  nece&*ary  than  that  stated  above,  vit. , 
^  per  l500  is  rspicily  fatal,  2^06  per  lOOO  may  be  fiHAl,  but  Qb  per  1000  may  i^oduoo  seriotw 

Dptorns.  *  Op.  cit. 
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**like   a  case   of  rery  slow  nmning  typhus."     Ho   notiets   diflfei^iices   of 
susceptibility,  which  is  also  sometimes  increased  with  custom. 

So  large  a  quantity  of  SHg  is  given  out  from  some  of  the  salt  marshes  at 
Singapore  that  slips  of  paper  moistened  in  acetate  of  lead  are  blackened  in 
the  open  air ;  yet  no  bad  eli'ect  is  found  to  eimne. 

On  the  fttlier  hand,  some  of  the  worst  marshes  in  Italy  are  those  in  which 
8H.^  exists  in  large  quiuitity  in  the  air ;  and  it  has  been  supjmaed  that  tho 
highly  poisonous  action  of  the  marsh  gas  is  partly  owing  to  the  SHj.  Again, 
in  the  nniking  of  the  Thames  Timnel,  tho  men  were  exi:>osed  to  SHj,  which 
WLia  f<inned  from  the  lit^coiiqwsition  of  iron  p}Tit*^8 :  after  a  time  they 
became  feeble,  lost  their  appetites,  an<l  finally  passed  into  a  state  of  great 
prostration  and  an  [em  i  a  :  several  died.  Xor,  so  far  as  is  known,  waa  there 
anything  to  account  for  this  except  the  presence  of  SH2.^ 

Drs  Josephson  and  Ra^^itz  ^  have  also  investigated  in  mines  effects  pin> 
duced  appirently  by  SH^ ;  two  forms  of  disease  are  produced^ — f>me  nar- 
cotic, and  convidsive  and  tetanic  symptoms.  In  the  hrst  ctise,  the  men  becamo 
pale,  the  extremities  got  cold.  There  was  headaehe,  vertigo,  a  small  weak 
]>ulsej  sweating,  and  great  loss  of  strength.  On  this  spasms  and  tremblings 
sometimes  followf  d,  and  even  tetanus.  The  symptoms  were  acute,  and  not, 
as  in  the  Thames  Tunnel  case,  chronic.  T\lien  these  attacks  occurred,  the 
temperature  was  high  and  the  air  stagnant. 

The  observations  of  Clemens,  also,  on  the  development  of  boils  from 
the  passage  of  SH._,  into  the  drinking  water  from  tlie  air,  if  not  convincing, 
cannot  he  overlooked. 

{(l)  Carhurrtted  Hydrogen. — A  large  quantity  of  e^rburettcd  hydrogen 
eati  lir*  l)reathed  for  a  short  time,- — as  much,  perhaps,  as  200  to  300  volumes 
per  1000.  Alxive  this  amount  it  pro<luces  symptoms  of  poisoning,  head- 
acbe,  vomiting,  convulsions,  stertor,  dilated  pupil,  tV:c. 

Brouthed  in  small  quantities,  as  it  conshmtly  is  by  some  miners,  it  has 
not  been  shown  to  prcKluce  any  bad  effects  ;  but  there,  as  in  so  many  other 
cases,  it  is  to  be  wished  that  a  more  careful  examination  of  the  point  were 
made.  Without  prrxlueing  any  marked  disease,  it  may  yet  act  injuriously 
on  the  beidth.  Ilirt  says  tliat  cases  of  clironic  pjisoning  are  not  un- 
common.    Corfield  has  also  noticed  this. 

(f)  Ammoniacal  Vapours. — An  irritating  effect  on  the  conjmictiva  seems 
to  be  the  most  marked  effect  of  the  prcRence  of  these  vaiwnrs.  There  is  no 
evidence  showing  any  other  effect  on  the  health.^ 

(/)  Sulphur  Dioxide* — The  bleachers  in  ciitton  and  worsted  manufactories, 
and  storers  of  woollen  articles,  are  exposed  to  this  gas,  the  amount  of  which 
in  the  atmosphere  is,  however,  unkno^ni.  The  men  suffer  from  hroncliitis, 
and  are  frequently  sallow  and  anaemic. 

When  80^  is  evolved  in  the  open  air,  and  therefore  at  once  lai^ely 
diluted,  as  in  copper  smelting,  it  does  not  appear  to  produce  any  bad 
effects  in  men,  and  indeed  persons  living  in  volcanic  countries  have  some- 
times a  notion  that  the  fumes  of  SO^  ar«3  good  for  the  health;  d© 
Chaumont  was  told  so  by  the  people  in  the  neighbourhood  of  Yesuvius 
Wlieii,  however,  it  ia  washed  do^vn  with  rain,  it  affects  herbage,  and,  through 
the  herlmge,  cattle ;  it  is  then  said  to  cause  aficctions  of  the  bones,  falling  off 
of  the  hair,  and  emaciation. 

{;/)  Hf/dnMoric  Acuf  Vapoia^s  in  large  quantities  are  very  irritating  to 
the  lungs ;  when  poured  out  into  the  air,  as  was  formerly  the  case  in  the 

1  Taylof  8  Mfd,  Ji4rijqK,  1883,  iL  119. 

«  Sclinadra  Jahr,,  Bmd  ex.  p.  334,  find  Band  cxvii.  p.  85. 

•  Sw  Scliloesing,  Comjjlea  Itend'm^  1875,  vok.  i  and  u 
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alkali  manufactures,  they  are  so  diluted  iis  apparently  to  produce  no  eflect 
on  men,  but  they  completoly  destroy  vegetation.  In  some  processes  for 
making  steel,  hydnxdilonc^  sulphurous  and  nitrous  acids,  and  chlorine  are 
all  given  uut,  and  cause  lironchitis,  pneumoniaj  and  destruction  of  lung 
tissue^  as  well  as  eye  diseasej^.^ 

(A)  Carlton  Disiilphide.' — In  certain  proceases  in  the  manufacture  of 
vulcanised  india-rubher  a  noxious  gas  is  given  ofT,  sup|K>sed  to  l>e  the  vapour 
of  cai4w)n  tlisulphide.  It  produces  headuche,  giddiness,  pauiiii  in  the  limbs, 
formication,  sleeplessness,  nervous  depression,  and  complete  loss  of  appetite. 
Sometimes  there  is  deafness,  dj^spnoBO,  eongh,  febrile  attacks,  and  even 
amaurosis  and  paraplegia  (Delpech).  The  elfects  seem  due  to  a  direct 
anaaathetic  effect  on  the  nervous  tissue. 

Sub-Section  III. — Effects  of  Am  Impure  from  several  Substances 
ALWAYS  Co-Existing. 

The  examination  of  the  effects  of  indi\^dual  gases,  however  important, 
can  never  teach  \m  the  re^sults  which  may  be  produced  by  breathing  iiir 
rendered  foid  by  a  mixture  of  impurities.  The  composite  effect  may  pos- 
sibly be  very  different  from  what  would  have  been  anticipated  from  a 
knowledge  of  the  action  of  the  isolated  sulistances. 

(a)  Air  rendered  Impure  br/  Respiratmn. — The  effect  of  the  foetid  air 
containing  organic  matter,  excess  of  water  and  CO^,  produced  by  respira- 
tion, is  very  marked  upon  many  people  ;  heaviness,  head ek^" he,  inertness,  and 
in  some  cases  nausea,  are  pro<luced.  From  experiments  on  animals  in  which 
the  carbon  dioxide  and  watery  vajwrnr  were  removed,  and  organic  matter 
alone  left,  Gavarret  and  Hammond  have  found  tJtat  the  organic  matter  is 
higlily  p>i^onous.  Hammond  found  that  a  mouse  died  in  forty-five  minutes, 
and  canes  have  been  known  in  which  the  inhalation  of  such  an  atmosphere 
for  three  or  four  hours  produced  in  men  decided  febrile  symptoms  {increascHi 
tempenitun^  quickened  pulse,  furred  tongue,  loss  of  appetite,  and  thirst), 
for  even  twenty-four  or  forty -eight  hours  subsequently  (Parkes). 

When  the  air  is  rendered  still  more  impure  than  this  it  is  rapidly  fatal, 
as  in  the  cases  of  the  Black  Hole  at  Calcutta ;  of  the  prison  in  which  3Q0 
Austrian  pri^^oners  were  put  after  the  battle  of  Austerlitz  (when  2G0  died 
very  rapidly) ;  and  of  the  steamer  *'Ixm do iiderry/*  This  vessel  left  Sligo 
for  Liverpool  on  tlie  2nd  Becember  184r8,  au*l  stormy  weather  coming  on, 
the  captain  forced  200  steerage  passengers  into  their  ciibin,  which  metisured 
18  feet  by  1 1  feet,  and  7  feet  in  heights  The  hatches  were  battened  down 
and  covered  with  tarpaidin.  'WTien  the  cabm  wa«  opened  72  y^ersons  were 
found  dead,  and  several  expiring.  The  poisonous  agencies  are  pnjbably  the 
organic  matters  (and  perhaps  minute  organisms),  and  the  deficient  oxygen, 
as  the  symptoms  are  not  those  of  pure  asphyxia.  If  the  persons  survive,  a 
febrile  condition  is  left  behind,  which  hist?  three  or  four  days,  or  there  are 
other  evidences  of  affected  nutrition,  such  as  boils,  &c. 

\Vlien  air  more  motlerately  vitiated  by  respiration  is  breathed  for  a 
longer  period,  and  more  continuously,  its  effects  become  compHcat^^d  with 
those  of  other  comlitions.  Usually  a  person  who  is  compelled  to  breathe 
such  an  atmosphere  is  at  the  same  time  sedentary,  and,  perhaps,  remains  in 
a  coustniined  p:»9ition  for  several  hours,  or  possibly  is  abo  imder-fed  or 
intemperate.  But  allowing  the  fullest  effect  to  all  otlier  agencies,  tliero  ia 
no  doubt  that  the  breathiBg  the  vitiated  atmosphere  of  respiration  has  a 

*  Jordiin,  CafiMatCs  J<thresl>.  far  1868,  Band  viL  p,  76. 
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most  injurious  effect  on  tlio  hpalth.^  Persons  soon  Lecotne  pak%  and 
partially  lose  their  appetit*%  and  after  a  time  decline  in  muscular  Btrength 
aiid  spiritsi.-  The  aeration  and  nutrition  of  the  hio»xl  seem  t*j  be  interfered 
withj  and  the  genend  tone  of  the  Hystem  falls  Ijelow  par.  Of  special 
diseases  it  appears  pretty  clear  that  pulmonary  affections  are  more  eommoa. 

Such  persons  do  certainly  appear  to  furnish  a  most  undue  percentage  of 
phthisical  ciises,  that  is,  of  dej^tnictive  knig-tiasue  disease  of  some  kind. 
The  production  of  phthisis  from  impure  air  (aiiled  most  p<-itently,  as  it  of  tea 
is,  by  comcident  conditions  of  want  of  exercise,  want  of  gOL>d  fixjd,  and 
excessive  work)  m  no  new  doctrine.^  Baudelocquc  long  agu  asserted  that 
impure  air  ia  the  greiit  cause  of  scrofula  (phthisis),  and  that  hereditaiy 
predisposition,  sj^philis,  uncleaidiness,  want  of  clothing,  bad  food,  cold,  aiid 
humid  air,  are  by  themiselveB  non-effective.  Carmichael,  in  his  \\'ork  ctn 
scrofula  (1810),  gave  some  most  striking  instances,  where  impure  air,  bad 
tliet,  and  deficient  exercise  concurred  together  to  produce  a  most  foraiidable 
mortality  from  phthisis.  In  one  instance,  in  the  Dublin  House  of  IiidustrVi 
where  scnifula  was  lonnerly  so  common  as  to  be  thought  contagious,  there 
were  in  one  ward,  60  feet  long  and  18  feet  broad  (height  not  given),  38 
beds,  each  contaniing  four  children  ;  *  the  atmosphere  was  so  bad  that  in 
the  morning  the  air  of  tlie  wani  was  miendiu'ahle.  In  some  of  the  gcboola 
examined  by  Carmichael  the  diet  was  excellent,  and  the  only  causes  for 
the  excessive  phthisis  were  the  foul  air  and  the  want  of  exercise.  This  waa 
the  case  also  in  the  house  and  school  exauuned  by  Neil  iirnott  in  1832, 
Lei>elletier  ^'  also  recorded  some  good  evidence.  Professor  Alison,  of  Edin- 
burgh, and  Sir  James  Chirk,  in  his  invaluable  work,  laid  gre^^it  stress  on  it, 
Neil  Arnott,  Toynbee,  Guy,  and  others,  br ought  forward  sume  strikiiag 
examples  l^elore  the  Health  of  Towns  Commiseioru'^  l)v  Henry  MacCormac 
insisted  with  great  cogency  on  this  mode  of  origin  of  phtliisis ;  and  Dr 
Greenhow^  also  enumerated  this  cause  as  occupj^ing  a  prominent  place. 
Camelley,  Haldane,  and  Anderson  show  that  in  Dundee  the  ratio  of  phtbisia 
and  other  <lisorders  of  a  similar  character  increiises  with  the  crowding  and 
foulness  of  the  air  ;  being  at  the  rate  of  3 '26  per  1000  in  houses  of  i  rooms 
and  upwards;  5^52  in  houses  of  3  rooms;  in  ^wo-roomed  houses,  6*41 ;  and 
in  one-roomed  houses,  7 '44. 

In  prisons,  the  great  mortality  which  formerly  occinred,  ils  for  example  at 
MiUbank  (Baly),  seemed  to  be  owing  to  bad  air,  conjoined  with  inferior  diet 
and  moral  depression. 

Two  Austrian  prisons,  in  which  the  diet  and  mode  of  life  were,  it  is 
believed,  essentially  the  same,  offer  the  following  contrast : — - 

In  the  prison  of  Li?oiK>ldstadti,  at  Vienna^  which  was  very  badly  ventilated, 
there  died^  in  the  years  1831-47,  378  prisoners  out  of  4280,  or  S8  per  1000, 
and  of  these  no  less  tban  220,  or  51*4  per  1000,  died  from  phthisis;  there 
were  no  less  than  42  cases  of  acute  miliary  tuberculosis. 

^  8oe,  ftmon^  &  number  of  other  Innt&Qces,  Gny's  Evidentt  hefure  (he  Beulth  qf  Towns  Com* 
mimioi^^ttX,  u  p.  89  e/  ««^./  nnd  S«  Smith,  ibid.^  t».  37  et.  seq. 

*  See  Wilson's  Observations  on  Plidonera,  already  citett,  p  145, 

•  Tb«  foUowing  ftatiAticss  are  instrQctive  ; — ^Deathrate  (males  1871-80)  from  dbsBases  of  tb© 
respiratory  organs  for  all  England,  5*02  ',  for  Salfor*!,  6*98  ;  for  Mancli ester,  1874-80,  7 '61 ;  for 
Weatmopeiand  (one  of  the  heaUhieat  countie-^K  2*69;  for  North  Wales,  3"4L     For  diagniiM 


ahowing  the  ejects  of  aggregation  of  population  on  the  ratio  of  respiratory  diseases, 
cubic  feet.    To  ventilate  such  a  space  properly  the  air  would  have  had  to  be  chang<*d  aboat 


Dr  P,  de  Chaumoiit*s  Lectures  on  State  Medicine^  table  v.  n.  48. 
*  This  would  give  only  7iV  square  leet  j)er  child »  and  if  tne  ward  was  12  feet  high  only  85 


SO  times  in  the  hour,  a  nianifa<jt  impossibuitj. 
»  TraiU  CvmpUi  fk  In  MaloitU  Scrophtd^ige, 
•  Fimt  RrjKyH,  1S44.  vol  i,  pp.  52,  m,  69.  79,  k^ 
f  RfpoTt  on  (hi  Hedifh  o/  (he  Peojde  </  England, 
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In  the  well-ventilated  House  of  Correction  in  the  same  city  there  were  in 
five  years  (1850-54)  3037  prisoners,  of  whom  43  died,  or  14  per  1000,  and 
of  these  24,  or  7*9  per  1000,  died  of  phthisis.  The  comparative  length  of 
sentences  is  not  given,  but  no  correction  on  this  ground,  if  needed,  could 
account  for  this  discrepancy.  The  great  prevalence  of  phthisis  in  some  of 
the  Indian  jails  appears  to  have  been  owing  to  the  same  cause,  combined 
with  insufficient  diet. 

The  now  well-known  fact  of  the  great  prevalence  of  phthisis  in  most  of 
the  European  armies  (French,  Prussian,  Kussian,  Belgian,  and  English)  can 
scarcely  be  accounted  for  in  any  other  way  than  by  supposing  the  vitiated 
atmosphere  of  the  barrack-room  to  have  been  chiefly  in  fault.  This  is  the 
conclusion  to  which  the  Sanitary  Commissioners  for  the  army  came  in  their 
celebrated  report.  And  if  we  must  also  attribute  some  influence  to  the 
pressure  of  ill-made  accoutrements,  and  to  the  great  prevalence  of  syphilis, 
still  it  can  hardly  be  doubted  that  the  chief  cause  of  phthisis  among  soldiers 
has  to  be  sought  somewhere  else,  when  we  see  that,  with  very  different  duties, 
a  variable  amount  of  syphilis,  and  altered  diet,  a  great  amount  of  phthisis 
has  prevailed  in  the  most  varied  stations  of  the  army,  and  in  the  most 
beautiful  climates ;  in  Gibraltar,  Malta,  Ionia,  Jamaica,  Trinidad,  Bermuda, 
&c.,  in  all  which  places  the  only  common  condition  was  the  vitiated  atmo- 
sphere which  our  barrack  system  everywhere  produced.  And,  as  if  to  clench 
the  argument,  there  has  been  of  late  years  a  most  decided  decline  of  phthis- 
ical cases  in  ttiese  stations,  while  the  only  circumstance  which  has  notably 
changed  in  the  time  has  been  the  condition  of  the  air.  So  also  the  extra- 
ordinary amount  of  consumption  which  has  prevailed  among  the  men  of  the 
Royal  and  Merchant  Navies,  and  which,  in  some  men-of-war,  has  amounted 
to  a  veritable  epidemic,  is  in  all  probability  attributable  to  the  faulty  ventila- 
tion.^ 

Formerly  the  deaths  from  phthisis  in  the  Royal  Navy  averaged  (3  years) 
2*6  per  1000  of  strength,  and  the  invaliding  3*9  per  1000.  The  amount  oif 
consumption  and  of  all  lung  diseases  was  remarkably  different  in  the  diffierent 
ships.  These  inferences  received  the  strongest  corroboration  from  the  out- 
break of  a  lung  disease  leading  to  the  destruction  of  limg  tissue  in  several  of 
the  ships  on  the  Mediterranean  station  in  1860.  Dr  Bryson  traced  this 
clearly  to  contamination  of  the  air,  and  noticed  that  in  several  cases  the  dis- 
ease appeared  to  be  propagated  from  person  to  person.^ 

The  production  of  phthisis  in  animals  confirms  this  view.  The  case  of  the 
monkeys  in  the  zoological  gardens,  narrated  by  Dr  Amott,  is  a  striking 
instance.  Cows  in  close  stables  frequently  die  from  phthisis,  or  at  any  rate 
from  a  destructive  lung  disease  (not  apparently  pleuro-pneumonia) ;  while 
horses,  who  in  the  worst  stables  have  more  free  air,  and  get  a  greater  amount 
of  exercise,  are  little  subject  to  phthisis.  But  not  only  phthisis  may  reason- 
ably be  considered  to  have  one  of  its  modes  of  origin  in  the  breathing  an 
atmosphere  contaminated  by  respiration,  but  other  lung  diseases,  bronchitis 
and  pneumonia,  appear  also  to  be  more  common  in  such  circumstances.  Both 
among  seamen  and  civilians  working  in  confined  close  rooms,  who  are  other- 
wise so  differently  circumstanced,  we  find  an  excess  of  the  acute  lung  affiec- 
tions.  The  only  circumstance  which  is  common  to  the  two  classes  is  the 
impure  atmosphere.  The  general  belief  that  these  diseases  are  caused  by 
transitions  of  temperature  and  exposure  to  weather  has  been  carried  too  far. 

1  Statistical  Reports  on  the  Health  of  the  Navy,  and  especially  Gavin  Milroy's  pamphlet  on 
the  Health  of  the  Royal  Navy,  1862,  pp.  44  and  54. 
Trans,  qfth  Epidem,  Sac,,  voL  u.  p.  142. 
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In  the  South  Afghanistan  field  force  the  artillery  wintered  at  Kandahar 
(1880-81)  in  tents,  and  remained  free  from  pneumonia,  whilst  the  disease 
was  prevalent  among  the  infantry  who  were  overcrowded  in  harracks.  The 
63rd,  which  was  more  crowded  than  the  other  corps,  suffered  most,  having 
30  cases  in  hospital  at  one  time ;  one  company,  however,  quartered  in  large 
airy  rooms  near  the  residence  of  the  General  commanding,  had  no  case.  On 
the  25th  of  March  a  part  of  the  regiment  was  turned  out  into  tents  and  the 
remainder  were  distributed  in  barracks,  so  that  each  man  had  a  minimum 
of  600  cubic  feet  of  space ;  from  that  time  no  more  pneumonia  occurred.^ 

In  addition  to  a  general  impaired  state  of  health,  arising,  probably,  from 
faulty  aeration  of  the  blood,  and  to  phthisis  and  other  lung  affections,  which 
may  reasonably  be  believed  to  have  their  origin  in  the  constant  breathing  of 
air  vitiated  by  the  organic  vapours  and  particles  arising  from  the  person,  it 
has  long  been  considered,  and  apparently  quite  correctly,  that  such  an  atmo- 
sphere causes  a  more  rapid  spread  of  several  specific  diseases,  especially 
diphtheria  in  schools,  also  typhus  exanthematicus,  plague,  smallpox,  scarlet 
fever,  and  measles.  This  may  arise  in  several  ways :  the  specific  poison  may 
simply  accumulate  in  the  air  so  imperfectly  changed,  or  it  may  grow  in  it 
(for  though  there  may  be  an  analogical  argument  against  such  a  process, 
it  has  never  been  disproved,  and  it  is  evidently  not  impossible);  or  the 
vitiated  atmosphere  may  simply  render  the  body  less  resisting  or  more  pre- 
disposed.2 

(b)  Air  rendered  Impure  by  Inhalations  from  the  Sick, — ^The  air  of  a  sick 
ward,  containing  as  it  does  an  immense  quantity  of  organic  matter,  is  well 
known  to  be  most  injurious.  The  severity  of  many  diseases  is  increased, 
and  convalescence  is  greatly  prolonged.  This  appears  to  hold  true  of  all 
diseases,  but  especially  of  the  febrile.  The  occurrence  of  erysipelas  and 
hospital  gangrene  is,  in  fact,  a  condemnation  of  the  sanitary  condition  of  the 
ward.  It  has  been  asserted  that  hospital  gangrene  is  a  precursor  of  exanthe- 
matic  typhus,^  but  probably  the  introduction  at  a  particular  time  of  the 
specific  poison  of  typhus  was  a  mere  coincidence.  But,  doubtless,  the  same 
foul  state  of  the  air  which  aids  the  spread  of  the  one  disease  would  aid  also 
that  of  the  other. 

When  hospital  gangrene  has  appeared,  it  is  sometimes  extremely  diflficult 
to  get  rid  of  it.  Hammond  *  states  that  in  a  ward  of  the  New  York  City 
Hospital,  where  hospital  gangrene  had  appeared,  removal  of  the  furniture 
and  patients  did  not  prevent  fresh  patients  being  attacked.  Closing  the 
ward  for  some  time  and  white-washing  had  no  effect.  The  plastering  was 
then  removed,  and  fresh  plaster  applied,  but  still  cases  recurred.  At 
last  the  entire  walls  were  taken  down  and  rebuilt,  and  then  no  more  cases 
occurred. 

It  is  now  well  known  that  by  the  freest  ventilation,  i.e.,  by  treating  men 
in  tents  or  in  the  open  air,  hospital  gangrene  can  be  entirely  avoided.* 
Hospital  gangrene  in  a  tent  is  a  matter  of  the  rarest  occurrence. 

(c)  Air  rendered  Impure  by  Combustion. — Of  the  products  of  combustion 
which  pass  into  the  general  atmosphere,  the  carbon  dioxide  and  monoxide 
are  so  largely  and  speedily  diluted  that  it  is  not  likely  they  can  have  any 
influence  on  health.     The  particles  of  carbon  and  tarry  matter,  and  the 

1  Report  by  Surg. -General  Sir  B.  Simpson. 

2  For  Dr  Lawson's  views  on  the  effects  of  clothing,  see  Chapter  on  Prevention  op  Disease. 
8  See  Guillemin,  Becueil  de  Mkmoires  de  Med.  Ch.  et  Pharm.  MilUaires,  No.  169,  1874. 

<  On  Hygiene,  p.  172. 

'  See  Chapter  on  Hospitals,  and  Professor  JUngken's  Address  on  Pyaemia,  in  the  SydeTiham 
Society  Venr-Book  for  1862,  p.  213 ;  and  Report  on  Hygiene,  by  Dr  Parkes,  in  the  Army 
Medical  Repvrifw  1862  (voL  iv.). 
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sulphur  dioxide,  must  be  the  active  agents  if  any  injury  results.  It  has 
been  supposed  that  the  molecular  carbon  and  the  sulphur  dioxide,  instead  of 
being  injurious,  may  even  be  useful  as  disinfectants,  and  we  might  a  priori 
conclude  that  to  a  certain  extent  they  must  so  act ;  but  certainly  there  is 
no  evidence  that  the  smoky  air  of  our  cities,  or  of  our  colliery  districts,  is 
freer  from  the  poisons  of  the  chief  specific  diseases  than  the  air  of  other 
places.  It  has  been  supposed,  indeed,  that  the  air  of  large  cities  is  parti- 
cularly antagonistic  to  malaria,  and  it  is  true  that  they  had  less  diphtheria, 
in  this  country,  than  the  rural  districts,  up  to  recent  years  (although  since 
1882  this  has  not  been  the  case),  but  there  are  probably  other  causes 
acting  in  those  cases.  The  solid  particles  of  carbon,  and  the  sulphur 
dioxide,  may,  on  the  other  hand,  have  injurious  effects.  It  is  not  right  to 
ignore  the  mechanical  effect  of  the  fine  powder  of  coal  so  constantly  drawn 
into  the  lungs,  and  even  the  possibility  of  irritation  of  the  lungs  from 
sulphur  dioxide.  Certain  it  is,  that  persons  with  bronchitis  and  emphysema 
often  feel  at  once  the  entrance  into  the  London  atmosphere;  and  individual 
experience  will  probably  lead  to  the  opinion  that  such  an  atmosphere  has 
some  effect  in  originating  attacks  of  bronchitis  and  in  delaying  recovery. 
But  statistical  evidence  of  the  effect  of  smoky  town  atmospheres  in  pro- 
ducing lung  affections  on  a  large  scale  cannot  be  given,  so  many  are  the 
other  conditions  which  complicate  the  problem.  There  is,  however,  no 
doubt  of  the  evil  effect  of  the  London  atmosphere  during  dense  fogs: 
witness  the  effect  .upon  the  animals  at  the  cattle  show  at  Islington  in 
December  1873,  and  the  increased  mortality  from  lung  diseases  during 
foggy  weather. 

The  effect  of  breathing  the  products  of  combustion,  of  gas  especially,  is 
more  easily  determined.  In  proportion  to  the  amount  of  contamination 
of  the  air,  many  persons  at  once  suffer  from  headache,  heaviness,  and 
oppression.  Bronchitic  affections  are  frequently  produced,  which  are  often 
attributed  to  the  change  from  the  hot  room  to  the  cold  air,  but  are 
really  probably  owing  to  the  influence  of  the  impure  air  of  the  room  on  the 
lungs. 

The  effects  of  constantly  inhaling  the  products  of  gas  combustion  may  be 
seen  in  the  case  of  workmen  whose  shops  are  dark,  and  who  are  compelled 
to  bum  gas  during  a  large  part  of  the  day ;  the  pallor,  or  even  anaemia  and 
general  want  of  tone,  which  such  men  show  is  owing  to  the  constant  inhala- 
tion of  an  atmosphere  so  impure.^ 

{d)  Air  rendered  Impure  by  the  Gas  and  Effluvia  from  Sewers  and  House 
Drains. — Cases  of  asphyxia  from  hydrogen  sulpliide,  ammonium  sulphide, 
carbon  dioxide,  and  nitrogen  (or  possibly  rapid  poisoning  from  organic 
vapours),  occasionally  occur  both  in  sewers  and  from  the  opening  of  old 
cesspools.  In  a  case  at  Clapham,  the  clearing  out  of  a  privy  produced 
in  twenty-three  children  violent  vomiting  and  purging,  headache  and  great 
prostration,  and  convulsive  twitching  of  the  muscles.  Two  died  in  twenty- 
four  hours.2 

These  are  instances  of  mephitic  poisoning  in  an  intense  degree ;   but 

1  Mr  W.  H.  Preece  states  (Sanitary  Congress  at  Brighton,  1890)  that  in  the  Savings  Bank  in 
Queen  Victoria  Street,  where  1200  persons  are  employed,  the  absences  firom  illness  have  been 
so  far  reduced  by  the  introduction  of  the  electric  light  in  place  of  gas,  that  the  extra  labour 
gained  has  paid  for  the  electric  light. 

»  Health  of  Tovms  Report,  vol.  I  n.  189.  At  Belfast  (1889)  four  men  were  overcome  by 
gases  while  cleansing  a  sewer,  and  fell  into  the  sewage :  one  died  very  shortly  after,  partly 
JTom  the  effects  of  the  gases,  and  partly  firom  swallowing  the  sewer-water ;  another  rallied, 
but  developed  acute  pneumonia,  and  died  in  twenty-four  hours.  The  other  two  recovered, 
one  after  pneumonia,  the  other  after  pulmonary  symptoms  of  a  less  severe  character.    PcQit« 
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Vf]wn  men  have  breathed  the  air  of  a  newly  opened  ilraiii  in  much  smaller 
anioimte,  marked  eiFects  are  sometimea  produced ;  languor  and  loss  of 
api|j€tito  i\n^  followed  by  vomiting,  diarrhoea,  colic,  and  pjrostration.  The 
ettluvia  which  have  produced  these  .symptoms  are  usually  those  arising  from 
a  dniin  which  has  Ijeen  lilocked  hjr  some  time.  WTien  the  air  of  sewers 
penetrates  into  Imuses,  and  especially  into  the  bed-rooms,  it  certainly  eauaes 
a  ^Tcatly  imjwired  state  of  health,  esjw^cially  in  children.  They  lose 
appetite,  become  pfile  an<l  languid,  and  suJfer  from  diarrhoea ;  older  persons 
suffer  from  headaclies,  malaise,  and  feverisbness ;  there  is  often  some  degree 
of  anaemia,  and  it  is  clear  that  the  process  of  aeration  of  the  blotxl  h  not 
perfectly  eaiTied  on.^ 

In  some  cases  decided  febrile  attacks  lastijig  three  or  four  days,  aiid 
attended  with  great  Inadache  and  anorexia,  Jmve  been  known.  Houses  into 
which  there  lias  liecn  a  continued  escajie  of  sewer  air  have  been  s<»  not^iri- 
ously  unliealthy  tbat  no  persons  would  live  in  them,  and  this  has  not  been 
only  friaii  the  prevalence  of  fever,  but  from  other  diseases, 

Tbc  ellect  on  the  men  who  work  in  sewers  which  are  not  blocked,  or  tem- 
porarily impure  fRim  exceptional  disengagement  of  liydrogen  sulpbitb^  from 
any  cause,-  has  been  subject  to  much  debate.  The  air  in  many  sewers  in 
Lonilon  is  not  very  impure ;  the  analyses  of  Letheby  and  Miller,  and  those 
of  the  late  Prof.  Carnelley,  have  sho^^ii  Oiat  genendly  the  amount  of  CO^  is 
very  little  in  excess  of  tbat  in  the  external  air,  and  that  there  is  hardly  ti 
trace  of  hydrogen  sulphide  or  ol  fcetiJ  organic  effluvia.  The  a!r  in  the  house 
drains  is  often,  in  fact,  more  impure  than  that  of  the  main  sewers.  This  is 
the  case  also  in  other  plac:es,  and  is  to  be  accounted  for  by  the  numerous 
openings  in  the  sowers,  from  the  porosity  of  the  walls^  fr<jm  the  continual 
ventiliitit>n  produced  by  the  air  being  dniwn  into  houseji,  and  from  tlie 
amount  *4  water  in  the  sewers  being  often  so  great,  and  its  fluw  so  rapid,  as 
U)  materially  lesst^n  the  chimces  of  generation  of  gas.  The  evidence  is,  on  the 
whole,  opjx)sed  Ui  tlie  view  that  sewer-men  sutler  in  health  in  consequence 
of  their  occuimtion.  Thackrah  stated ^^  that  sewer-men  were  not  subject  to 
any  disease  (a|)art  from  asjihyxia)  and  were  not  short-hved.  lie  cited  no 
evidence.  Parentr-Buchatelet*  came,  on  the  whole,  to  the  same  conclusion 
as  regards  the  sewer-men  of  Paris  in  1836.  He  said  tbat  there  ^vere  some 
men  so  aife^cted  by  the  air  of  sewers  that  they  could  never  work  in  them ; 
but  those  who  coidd  remain  su^'ered  only  from  a  little  ophthalmia,  luml>ago, 
and  |>erhaps  sciatica.  They  considered  otherwise  their  occupation  not  only 
innocent,  but  as  favourable  to  health.  The  only  fact  adverse  to  this  seemed 
to  he  tliat  the  lur  of  the  sewer  greatly  aggravated  venere^il  dLse4U3e,  and  those 
who  persisted  in  working  with  dise^ise  on  them  inevitably  |>erished. 

A  more  recent  inquiry  conducted  into  the  heiilth  uf  the  sewer^men  in 


LetU  csonsidered  that  the  accident  vfHB  due  to  the  8Uild<?n  outburst  of  foul  gas  tbroujrh  a  dia- 
nsed  priv^y  pipe,  the  men  being  overcome  l>y  carl>oiiic  iieid^  which  prostrated  them  in  th« 
vrnt^r ;  and  that  tbe  deaths  were  prindpally  due  to  the  quantity  oif  st^wagu  swallowed. — 
^.J/../.,  July  13  and  Aug.  10,  mS9. 

>  HetiUh  of  Towns  Report.  See  e^jHseioUy  the  evidemce  5f  Rigby,  voL  i  p.  151,  and  of 
AldiH»  voL  i.  p.  315. 

"  Ffttiil  eases  have  occurred  both  in  London  and  Liverpool  sewera  from  tlie  rapid  evolution 
of  SHj,  either  from  gas  liquid,  or,  in  LiveriTool,  from  ttie  action  of  acid}*  passing  into  the  seweni, 
and  oiix'ting  with  sulphide  of  cJilcitim  in  Ww  tvixim  derived  from  alkali  manufactories,, 

9  Tii£  E/ocU  qfArts,  Trades,  and  f^rofej^nons  m  Heatlh,  1832,  p*  118. 

*  ffyffUne  PubHtjue^  voL  i.  p.  "IVt  (lS3ti).  The  conclusions  of  pArent-Duch&talet  &to  not 
entirely  iajBtified  by  his  evidence.  "Fhe  utiudier  of  men  he  examined  was  smalL  and  many  of 
|h<rm  had  been  employed  for  a  »hort  time  only  in  the  sewers  ;  it  alao  appeared  tnst  A  ootiflider^ 
able  nutnW  U(ul  actually  sufTereil  from  bilious  and  cerebral  aflectiouB,  (See  the  fontidr 
editions  of  this  work.) 
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IH^bn  did  not  detect  any  excess  of  disease  among  them,^  and  in  Liverpool 
also  the  8ewer-men  are  mid  to  have  good  health.  The  w^.^rkmen  employed 
at  the  various  sewage  outfalls,  who,  though  not  in  the  sewers,  breathe  the 
eftiuvia  arising  from  the  settling  Umks,  do  not  fiud  it  an  unhealthy  occupation* 

It  does  not  appear,  therefore,  that  at  present  the  workmen  eotineeted  with 
fairly  ventilated  sewers  show  any  excess  of  disease ;  at  the  Si'ime  time^  it  must 
be  allowed  that  the  inqidry  has  not  been  very  rigorously  prosecuted,  and  that 
the  length  of  time  the  men  work  in  sewers,  their  average  yearly  mortiility, 
discharge  from  sickne^ss,  loss  of  time  from  sickness,  and  the  effect  produced 
on  their  exjiectatiou  of  life,  have  not  been  perfectly  determined, 

Tiie  air  <if  sewers  passing  into  houses  aggravates  most  decidedly  the 
severity  tA  all  the  exanthemata — erysipelas,  hospital  gangrene^  and  pucrpeml 
fever  (Rigby) ;  and  it  has  probably  an  injurious  effect  on  all  diseases. 
That  pneumonia  may  be  produced  is  shown  by  the  case  of  the  East  Sheen 
School, 

Three  special  diseases  have  been  snpjwsed  to  arise  from  the  air  of  sewers, 
and  fa&cal  emanations,  viz.,  diarrhcsa^  enteric  fever^  and  diphtheria. 

With  regard  to  the  production  of  diarrhcea  from  faecal  emanations,  it 
would  seem  that  the  autumnal  diarrhoea  of  this  country  is  intimately  con- 
nected with  the  temperature  of  the  stnl,-  and  usually  commences  when  this 
reaches  56°  F,  at  a  deptli  of  4  feet  from  the  sui'face.  It  is  worst  in  tlie 
badly  sewered  districts,  and  is  least  in  well-drained  districts,  and  in  wet 
yciirs.  It  has  been  cheeked  in  London  by  a  heavy  fall  of  rain.  All  tbose 
points  seem  to  connect  it  with  fa&cal  emanations  reachmg  a  certain  rapiility 
of  evohition  in  consequence  of  high  temi>eraturej  deticient  rain,  and  perhaps 
^?lativt?  dryness  of  the  atmosphere.  At  the  same  time,  there  is  a  connection 
between  this  disease  and  impure  water.  It  may  own  a  double  origin,  and  in 
a  dry  season  l>oth  causes  may  be  in  opemtiom 

That  enteric  fever  may  arise  from  the  efHuvia  from  sewers  is  a  doctrine 
very  generally  admitted  in  this  country,  and  is  supported  by  strong  evidence. 
There  are  several  cases  on  record  in  which  this  fever  has  constantly  prevailed 
in  houses  exposed  to  sewage  emanations,  either  from  bad  sewers  or  from 
want  of  them,  and  in  which  proper  sewerage  has  completely  remove*!  the 
fever.^  Many  of  these  occurred  before  the  water-carriage  of  enteric  fever 
Wiis  rect3gnised,  but  yet  tlie  connection  between  the  sewage  emanation  and 
the  fever  seems  imdoubted. 

This  evidence  is  supported  by  cases  in  whicii  the  opening  of  a  drain  has 
given  rise  to  decided  enteric  fever, ^  as  well  as  to  a  very  fatal  disease  (pro- 
Imbly  severe  enteric)  in  which  coma  is  a  marked  symptom.  So  also  in 
some  instances  (Windsor  and  Wortliing)^  the  spretid  of  enteric  fever  has 
evidently  been  owing  to  the  conveyance  of  effluvia  into  hotises  by  the 
agency  of  un ventilated   sewers.     In  a  case  from  private  information,  an 

1  In  refer^iicv  to  this  point,  however,  &  writer  in  the  Lancet  (April  1672)  very  justly  pomtud 
out  th&t  the  ^tatiaticfl,  ore  very  imperfect  in  taking  no  nottoe  of  men  who  have  been  discharged 
or  who  have  died. 

'■^  Dr  BnUard,  Retort  to  Loc  Gov,  Board,  1889. 

*  In  Health  qf  Toumt  Reporisand  Evidence^  Sir  J*  Simon's  JUpmis,  Dr  Letlieby's  M^portu, 
Sir  H.  Acland's  MqxjrU  on  Fevers  t»  AffrkuUi4rtd  Districts,  and  the  RtporU  of  the  Medical 
OJicer  to  the  Privy  Coujieit,  will  l^e  found  abundant  evidence  in  Hupport  of  this  assiirtion. 
Many  provincial  towns  in  Euglaud  could  give  iumilar  evidence,  as  Norwich.  (See  Dr  Bichard- 
aon'a  tteport,  Medical  Timee  and  Ocaettf,  Jan.  1862.)  The  case  of  Coktock,  in  Devonshire, 
may  be  also  noted.  It  used  to  be  olao  liable  to  outbreaks  of  enteric  fever,  but  after  the 
dmintge  of  the  place  the  fever  dhiappeared.  (Bri^towe,  in  Trang,  qf  Epid.  Soc.,  vol.  L  p. 
3^30  Murchi«on  not  only  adopted  this  view,  but  even  proposed  to  give  the  term  *'  pythogemu 
fever  "  to  enteric 

*  For  references  to  iliustrative  cases,  see  5th  edition  of  this  work,  p.  128,  note. 
»  Ninth  Report  of  Medical  OJUer  to  ihr  Privif  Cotmcil,  p.  44. 
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outbreak  of  enteric  fever  in  a  training-school  was  locaKsed  in  certain  parta 
of  the  ficliool  (whereas  the  ilrinking  water  was  common  to  all),  and  was 
traced  to  im^^erf  exit  ion  of  tra[>s  in  thf>8e  parts  of  the  house  which  were 
affected.  In  this  case  the  drains  \ml  down  to  a  large  tiink  at  some  distance, 
and  at  a  much  lower  level,  and  the  smell  of  the  effluvia  was  so  slight  that; 
at  lirst  it  was  not  helieved  that  the  timins  cciidd  be  out  of  order,  A  very 
good  case  is  given  l>y  Surgeon  Page^^  late  6th  Dnigoons,  in  his  description 
of  an  outbreak  of  enteric  fever  at  ^ewbridge>  following  diseontumance  of 
the  use  (on  accoimt  of  repairs)  of  a  ventilating  shaft  for  the  sewers.  Bewer- 
air  got  int^  the  harntcks,  and  several  cases  (some  fatal)  of  enteric  fever 
occurred.  Other  possible  cau.ses  were  car ef idly  incj[ubed  inti>  and  elimin- 
ated.- Tliese  two  classes  of  facts  seem  decidedly  to  sliow  a  cansal  connec- 
tion between  the  t-fllu'^  ia  from  sewers  and  enteric  fever,  and  they  are  &u\t- 
ported  by  the  stntistical  evidence  which  j^roves  that  the  prevalence  of  epteric 
fever  stands  in  a  close  relation  t*^  the  imperfection  with  which  sewage  matters 
are  removed*  The  army  statistics  give  excellent  instances  of  this,  and  the 
evidence  produced  by  I)v  Buchanan  of  the  prevalence  of  enteric  fever  before 
and  after  sewerage  of  a  town  is  to  the  same  elTect^ 

The  jmrsistent  existence  of  enteric  fever  at  Eastney  barracks,  Portsmouth, 
appears  to  have  been  tmceable  to  sewer  air  driven  back  into  the  quarters  by 
the  tide,  there  being  no  traps  or  ventilating  openings.  Since  ( >ctol(er  1878, 
when  the  drains  were  put  in  better  order,  and  better  flushed  iind  ventOated, 
there  has  In^^n  no  fever,* 

Gerniiin  wTiters  have  lately  commented  much  upon  the  view  that  there  is 
a  connection  hetween  sewer  air  and  enteric  fever,  and  reference  may  be 
specially  made  to  t!io  papers  of  Soyka,  Benk,  A.  de  Kozsahegyi,  ami  Lissauer,^ 
Their  contention  is  that  enteric  fever  is  not  due  to  the  inliuence  of  sewor 
air,  hecause  it  is  rare  that  such  air  gets  into  houses ;  and  ex|»eriniente  are 
cited  to  prove  this.  It  is,  however,  achnitted  and  demojistrak^d  by  Soyka, 
in  tlie  table  which  he  gives,  that  a  similar  Lmprovement  in  the  health  of 
towns  has  followed  the  introduction  of  proper  drainage  in  the  cities  of 
Gennany  as  has  been  observed  in  this  country.  This  is  attributed  to  the 
cleansing  of  the  soil  and  the  atraosphero  by  the  removal  of  the  sewage 
matter,  although  they  still  insist  upon  the  essentially  local  or  fnpieal 
character  of  the  disease.  Nageli^  positively  denies  tlie  possibility  of  specific 
disease  being  con\  eyed  through  emanations  from  drains  or  cessjyools. 

Although  it  seems  diflicult  not  t<:>  Uihnit  that  the  effluria  from  the  sewers 
will  jiiTMluce  enteric  fever,  there  are  yet  some  remarkable  facts  which  can 
be  cited  on  the  other  side. 

It  has  been  denied  by  Parent-Duchiitelet  and  by  Guy  "  that  enteric  fever 
is  more  common  among  sewer-men  than  others,  and  later  inquiiies  among 
the  sewer-men  of  London  seem  to  bear  out  the  assertion,  lint,  as  already 
stated,  the  air  of  London  sewers  is  really  very  pure ;  and  some  of  the  men 
may  be  protected  by  previous  attacks,  for  enteric  fever  is  a  most  common 

I  Army  Med.  JitpiMf  vol  iv.  p.  301. 

'^  An  outbreak  at  Kinsale,  apimrently  due  to  ftewer  effluvia,  is  narrated  by  Surgeon -HMor 
WiiUftoe,  Anmj  Med,  lifpoti^,  toI.  xvii  p.  66.  The  mquirj'  memut  to  have  bt'en  Tery  carenmy 
luadt*. 

»  yinth  Heport  qf  Mtdical  OJicer  to  the  Frii^  CfruHcU,  i»,  44.  In  twenty-one  English  towns 
,     .,___*    .^.„*.  .      ..-i:*      *i._„  „. -^.-.  jr.j  ^  .J.  ^^j^^      111  inaay  of  the 

::  the  purification  of  tbe 

^  _^  ,  ,  I  most  unifornily  followed 

by  a  fall  in  the  prevalence  of  typhoid  " 

•  S«c  "  Report  on  Hvgi«ne,"  A.M,D.  Re}mrU^  voL  xx.  p.  222, 

•  iMtUsche  VitrUljakrschrift/dr  Ojferidichc  Ve^ujuihcUspJlcge,  ISSh 

•  />i>  Nurdrrm  PiUe^  1S77,  jk  216  et  sm, 
'  Juumal  qftht  Statuticut  SKtetjf^  1S48. 
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disease  among  the  poorer  children  in  London.  Murchison^  and  Peacock  also 
stated,  on  the  other  side,  that  enteric  fever  was  not  uncommon  among  sewer- 
men.     This  argument,  therefore,  is  not  of  great  weight. 

The  evidence  is  very  strong  that  the  men  employed  at  the  sewage  tanks 
and  on  the  sewage  farms,  and  their  families,  do  not  show  an  unusual  amount 
of  enteric  fever;  nor  do  the  persons  living  in  adjacent  houses.  Now,  if 
sewage  emanations  can  cause  enteric  fever,  it  might  be  expected  that  we 
should  by  this  time  have  had  plenty  of  evidence  of  this  special  effect. 
Again,  in  our  rural  villages,  and  in  many  farm  houses,  the  excreta  of  men 
and  animals  literally  cover  the  ground,  and  it  might  have  been  anticipated 
that  enteric  fever  would  never  be  absent.  If  this  is  the  case  in  this  country, 
it  is  still  more  so  in  China,  where  the  excreta  are  so  carefully  stored  and 
applied  to  land.  In  a  report  made  by  various  medical  officers,  the  writers 
state  that,  in  Chinese  villages  surrounded  with  excreta,  where  the  contamina- 
tion of  the  air  by  fsecal  emanations  is  very  great,  there  is  no  enteric  fever. 
And  as  enteric  is  well  known  in  other  parts  of  China,  the  absence  ia  not 
owing  to  any  peculiarity  of  climate  preventing  the  appearance  of  the  fever.^ 

We  have,  then,  (iounter-facts  which  must  be  allowed  to  be  of  considerable 
weight.  Any  explanation,  to  be  satisfactory,  must  not  ignore  one  set  of 
facts,  but  must  impartially  include  both. 

The  possibility  that  the  adult  persons  submitted  to  sewage  emanations 
may  have  had  enteric  fever  in  early  life,  and  are  therefore  insusceptible, 
may  explain  some  cases  of  escape,  even  when  faecal  emanations  are  constantly 
breathed.  But  it  would  be  impossible  to  extend  this  argument  to  the  cases 
of  immunity  in  children,  unless  we  suppose  that  enteric  fever  in  children 
is  constantly  overlooked,  and  is  as  common  as  measles,  which  seems 
imlikely. 

It  has  been  supposed  that  there  is  an  essential  difference  when  animal 
and  vegetable  substances  are  decomposing  in  covered  places  and  in  the  open 
air.^  It  is  evident  that  the  physical  conditions  will  be  widely  different  in 
the  two  cases.  In  underground  channels  there  is  greater  mean  temperature, 
more  moisture,  and  a  more  stagnant  atmosphere.  In  the  open  air,  while 
there  may  be  heat  from  the  sun's  rays,  this  may  restrain  putrefaction; 
while  the  coldness  of  the  nights  and  the  much  greater  movement  and  dry- 
ness of  the  air  may  hinder  the  formation  or  lessen  the  chance  of  reception 
of  any  fever-causing  substance  developed  during  the  putrefaction.  At  first 
sight,  there  appears  to  be  much  in  favour  of  this  view,  and  it  would  explain 
the  greater  chance  there  appears  to  be  of  effluvia  coming  from  sewers 
causing  enteric  fever  than  when  the  effluvia  came  from  excreta  in  the  open 
air.  But  it  does  not  meet  two  undoubted  facts,  viz.,  that  there  are  cases 
in  which  sewer  air  is  breathed  without  causing  enteric  fever,  and  the 
occasional  severe  outbreaks  of  it  in  villages  without  sewers,  and  where  there 
is  no  putrefaction  under  cover. 

That  the  importation  of  enteric  fever  into  places  previously  free  for  years 
is  followed  by  outbreak  *  is  quite  certain.  In  many  of  these  cases,  as  in  the 
excellent  instance  at  Steyning,  recorded  by  Whitley,^  all  the  conditions  of 

1  On  Fevers,  p.  453. 

'  See  Reports  by  Drs  Miller  and  Manson,  for  Shanghai  and  Amoy,  in  the  Customs  OazeUe 
of  China,  July-Sept  1871. 

'  This  is  the  view  taken  in  the  Second  Report  of  the  State  Board  of  Health  of  Massachusetts. 
From  an  inquiry  in  most  of  the  large  citi^  of  that  state,  the  conclusion  is  drawn  that  it  is 
putrefaction  of  animal  and  vegetable  substances,  under  cover,  which  gives  enteric  fever. 

*  The  cases  recorded  sixty  years  ago  by  Bretonneau  have  been  confirmed  by  many  observa- 
tions since. 

8  From  the  Fourth  Report  of  the  Medical  Officer  to  the  Privy  Council,  p.  43. 
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accumulated  sewage^  &c*,  whicli  are  supposed  to  prcwluce  enteric  fever,  were 
present  for  yetirs,  and  yet  no  fever  residtod.  Then  a  jjiiUent  came  from  a 
distance  with  enteric  fever,  and  the  disefise  spread  through  the  village, 
either  throngh  the  medium  of  the  water  (as  is  perlmps  most  common)  or 
through  the  air*  These  iuxstances  are  so  numerous  that  the  entrance  of  a 
fresh  agent  must  be  admittiitl,  and  if  so,  the  series  of  events  becomes  quite 
inteUigibh\ 

The  doetrine  that  a  specific  cause  is  necessary  for  the  production  of  enteric 
fever ;  that  this  t^ause  is  present  in  the  inte^stinal  di3ehargi\s,  and  that  sewers 
am!  ffpcal  effluvia,  and  f^cal  impregnation  of  water,  are  thereby  the  channels 
by  whicli  this  specific  cause  reaches  the  body  of  a  susceptible  jM?rsc»n  {i,e, 
of  a  [jer^iOn  who  has  not  previously  had  the  disease),  will  be  fciund  t^  explain 
alninst  all  the  events  which  have  been  recorded  in  connection  with  the  origin 
of  enteric  fever. 

There  are,  however,  still  some  diflieulties.  There  are  instances  in  which 
enteric  fever  arises  from  sewer  air  without  any  possibility^  of  tracing  the 
entrance  of  a  person  witli  the  disease.^  Sometimes,  as  in  the  case  of  an 
isolated  house  m  the  country,  it  seems  most  diHicidt  to  believe  tliat  any 
such  entrance  could  have  taken  phice.  It  must,  however,  be  remembered 
that  the  carriage  of  the  "  contagion  *'  takes  place  in  so  many  ways  that  it 
is  impossible  always  to  trace  it.  In  the  case  of  enteric  fever,  tlie  stocda  are 
not  only  infectious  during  the  height  of  tlie  disease,  but  probLibly  during 
the  early  period  of  recovery ;  and  the  iLliseas<3  itself  is  also  often  so  slight 
that  persons  move  abciut,  and  believe  they  have  ordy  an  attack  of  diarrhoea. 
Again,  the  frequent  journeying  frt>m  place  to  \Ainn-  exposes  all  persons  to  a 
greater  chance  of  inhaling  the  enteric  efHuvia,  and  the  real  s<;>iirce  of  the 
disease  may  be  far  removed  from  tlie  place  wliich  is  actually  s\L^pected. 

There  are,  again,  case^  in  which  enteric  fever  occurs  in  persons  who  have 
not  l>een  exposed  apparently  to  sewer  air,  or  fsfcal  emauEitioiis,  or  to  the 
charge  €»f  any  enteric  contagion.  Dr  Gordon  llardie  has  recorded  two  casea 
of  this  kmd  in  soMiers  attacked  during  imprisonment.  Sucli  eases  can  only 
be  explained  either  by  supposing  an  incubative  period  of  extraoniinary 
leiigtli,  or  an  origin  apart  alt(3gether  either  from  faBcnl  emanations  or  a  prior 
case  of  the  disease. 

Admitting,  however,  that  tliere  are  still  ditliculties  to  be  explained  by 
future  observation,  it  seems  clear  that  the  theory  of  a  specific  cause  repro- 
ducing itself  in  the  intestines  and  contained  in  the  discharges,  and  naturally, 
therefore,  connected  more  or  less  closely  with  excreta  and  sewers,  and  some- 
times with  drinking  water,  is  tluit  which  best  meets  the  facts  which  have 
been  most  faithfully  reported  in  outbreaks  of  enteric  fever.  The  evidence 
of  the  carriage  of  a  cause  of  this  kind  in  water  strongly  supports  this  view. 

The  spread  of  dipht/ierta  has  been  ascribed  to  the  pollution  of  air  by 
emanations  frc^m  sewers,  and  certainly  in  many  outbreaks  there  has  heeii 
a  connection  between  the  sanitary  condition  of  a  district  and  the  incidence 
of  the  disease,  houses  or  groups  of  houses  to  which  sewer  air  lias  gjiined 
access  through  faulty  traps  having  especially  sutTered,  Such  instances 
have  recently  been  recorded  by  Mr  Spear-  at  Tredegar,  at  Pontypridd, 
and  at  Stalybridge. 

Direct  proof  of  such  a  causal  connection  has  not  yet  been  afforded,  and 
it  must  be  adndtted  that  diphtheria  has  up  to  recent  years  been  a  disease  of 
country  districts  rather  than  of  regularly  sewered  towns  ;  at  the  same  time,  if 

1  Bankfi  iulmits  the  powubility  of  spontaneous  origin  of  enteric  f^ver,  but  tbbikt  it  «|ireidi 
more  firequantly  through  &ir  than  any  other  way. 
9  Loom  G^vemmetU  Board  Hepmi^  on  tim  Pretalencs  ^f  JH^hihttia^  1890. 
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arrangeineiits  are  defective,  allowing  the  escape  of  sewer  air 
into  dweilings,  esi>e€ially  sleeping  rooms,  it  is  a  priori  proljaljle  that  the 
specilic  contfigium  would  in  this  miimier  gain  entrance  into  the  luxly. 

(e)  Emanationgfrom  Fmcal  Matin*  thrmmi  on  the  Grtyund, — Owing,  rlriobt- 
leas,  to  the  rapid  njovement  of  the  air,  there  is  no  doubt  that  the  exereUi  of 
men  and  animala  thrown  on  the  ground  and  exfjosed  to  the  open  air  are 
less  hurtfid  than  sewer  air,  and  prohahly  in  proportion  to  tlie  dilution. 

T\lii'n  there  arc  aijciun illations  in  closf*  courts,  small  liack-yards,  &c.,  tlie 
same  efi«?cts  are  produced  as  by  sewer  air,  ami  many  instiincoa  are  recorded 
in  the  Health  of  Tow7is  Report.  When  fceeal  muttern  are  used  for  manure, 
and  are  therefiire  speedily  mixed  with  earth,  they  seldom  ]>roduce  bad  etl'ects. 
Owing,  doubtless.,  U)  t\w  great  tleodoristng  and  absorl>ing  powers  of  earth, 
efflnida  soon  cease  to  be  given  oil*.  An  instance  is,  however,  on  reconl  in 
which  two  cases  of  enteric  fever  were  supposed  to  arise  from  the  manuring 
of  iin  iidjftcent  field.  Dr  Clouston  has  also  shown  by  evidence,  which  seems 
very  strong,  that  dysentery  was  produced  in  an  asylum  hy  the  exhalations 
from  sewage,  which  was  spread  over  the  ground  (a  stiff  brick  clay  subsiiil) 
about  300  yards  from  the  asylum.  The  «iase  seems  a  very  convincing  one, 
as  the  petssibility  of  the  action  of  other  causes  (impure  water,  bad  foixl,  &r.) 
waa  excluded  ;  but  it  appears  to  have  been  due  to  tlie  impr<:)])er  treatment 
of  the  sewage,  which  Avas  allowed  to  become  putrid  and  fomi  a  filthy  morass. 
It  is  stated  in  some  works  that  disease  is  fre<iuently  produced  by  the  mmiur- 
ing  of  the  ground,  but  there  aeema  to  be  no  satisfact<jry  evidence  of  tliis. 
Dr  A.  Car|jenti^r  has  shown,  from  the  history  of  Bed<lmgt*)n  sewiige  fanu, 
that  no  harm  to  the  neighbourhood  had  accrued  from  the  irrigation  with 
the  Croydon  sewage  during  twenty  yenra,i  and  subseq^icnt  experience  has 
only  confinned  his  statements.  It  has  Iwen  said  that  if  the  sewage  matter 
can  be  applied  while  perfectly  fresh  to  the  ground,  no  harm  residu  •  hut  if 
decomposition  has  fully  set  in,  it  is  not  so  completely  deodoruseil  hy  the 
ground.^  In  China,  where  faecal  matter  is  so  constantly  applied  in  agricul- 
ture, the  air  is  often  filled  with  very  pungent  eflluvia,  yet  no  bad  etiect  i^ 
produced.^ 

(/)  Emanations  from  StreamM  pollntedr  hy  Fcecal  Matter. — ^Tlio  evidence 
on  tliis  point  is  contradictory.  Parent^Duchatelet,  in  1822^*  investigated 
the  effect  produced  on  tlie  healtli  of  the  inliahitanta  of  the  Faubourg  St 
Mareemi,  in  Paris,  by  the  almost  insupportable  eflluvia  arising  from  the 
Kiviijre  de  Bicvn^,  which  received  a  large  portion  of  the  sewage  of  the 
quarii?r.  He  a.sserts  tlnit  the  health  was  not  at  all  damage*!,  though  he 
admits  that  there  is  truth  ux  the  old  tradition  at  the  Hotel  Dleu,  that  the 
cases  from  iSt  ^larceau  were  more  severe  than  fr<>m  jiny  other  place.  The 
opinion  of  the  late  L»r  W,  Stoki's,  t\s  to  the  slight  influenci?  of  t!ie  effluvia 
from  the  river  Littby  on  the  health  of  the  residents  along  its  quays,  is  to  tlic 
me  eflect, 

Dr  M* William  found  that  the  emanations  from  the  Thames  in  1859-60 
had  no  deleterious  effect  on  the  health  of  the  Cnstom-House  men  employed 
on  the  river.     The  amount  of  diarrhcea  was  even  below  the  average* 

8ir  R.  Eawlinson  states  ^  that  a  careful  houae-to-houso  visitation  had 
iKien  made  in  some  of  the  worst  districts  of  Lancashire  (in  Manchester,  on 
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*  ''Vnvn  8<iwage  bv  Surface  Irrigatioo,  by  A.  Oori'*^*^*  M.D.,  rroiWi 


wn  b<iwage  bv  Surface 
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the  banks  of  the  Medloclc,  for  inetance)  without  lindijig  any  great  excess  of 

On  the  other  hand,  in  the  ri?ports  c*f  Sir  IL  De  la  Beche  and  T)v  (now  Sir) 
Lyon  Phiyfair  ^  in  some  strong  incidence  that  the  general  health  of  tlie  jieople 
suflere*:!  from  the  emanations  of  the  putrid  streams  of  the  Frome  and  the 
trihutaries  of  the  Irk  and  Wedlock ;  that  they  were  pale,  in  many  cases 
dyspeptic ;  that  fevers  (enteric)  prevailed  on  the  hanks  is  asserted  by 
some  observers,  hut  rather  doubted  Ijy  otliera  ;  but  none  seem  to  have  any 
doubt  that  the  fever's  when  they  occurred  were  much  w^orse.  Cholem  in 
ilatichcster  wag  severe  along  the  bauk!^  of  some  of  these  streams,  but  that 
might  have  been  from  tlie  water  being  dnmk* 

It  is  very  Likely  that  the  discrepmiey  of  evidence  may  arise  from  tlie 
amount  of  w^ater  which  tiilutes  the  ffeciil  matt^?r  being  much  greater  in 
some  cases  tliiin  otberH.  In  the  case  of  the  Thames,  the  dilution  was  after 
all  very  great,  and  this  was  the  case^  in  part  at  any  rata,  in  the  Biuvi'e,  as 
the  sti'cam  was  in  some  places  6  and  7  feet  deep.  The  evapctration  from 
such  a  body  of  water,  however  ulfensive  it  may  be,  must  be  a  very  different 
thing  from  the  eflluvia  coming  off  from  the  masses  of  organic  matter  laid 
bare  by  the  almost  complete  dr^^ng  np  of  streams  into  which  quantities  of 
fsBcal  matter  are  discharged.  When  sewage  matter  Ls  poured  into  the  sea, 
and  washed  hack  by  the  tide,  it  becomes  a  source  of  danger. 

It  was  remarkable  in  the  evidence  given  before  the  Royal  Commission 
on  ^MctrofKjlitan  Sewage  Discharge,  1882-84,  how^  little  direct  proof  of 
speciiic  disease,  due  to  the  poUntion  of  the  Thames,  was  obtained,  although 
there  was  no  doubt  about  the  prfiduetion  of  nausea  and  diarrhoBa,  and  other 
niinor  evils.  Indeed,  tlie  Conmiissioners  themselves  had  good  proof  of  this, 
for,  after  a  trip  of  inspection  from  Woolwich  to  Greenhithe  in  July  1884, 
three  of  them  and  their  clerk  were  seized  with  griping  pains  and  smart 
diarrhoea  the  same  nighty  caused  apparently  by  the  offensive  state  of  the 
river,2 

((f)  Effect  of  Manure  Manufactories,— The  manure  manufactories  at 
prei?ent  existing  in  this  country  do  not  appear  to  [produce  any  bad  effects. 
They  are  generally  at  some  little  distance  from  towns,  and  the  effluvia  are 
soon  dihited.  Tlie  Secretary  of  the  Hytle  Manim?  Compiuy  statetl  that 
while  the  w^orks  were  in  operation  no  bad  effects  were  observed.  But  if 
situated  in  towns  they  are  nuisances,  and  may  be  hurtfuL  In  1847  evi* 
deuce  was  given  to  show  that  a  manure  manufat.^tory  situated  in  SpiUilfields, 
and  about  100  feet  from  the  workhouse,  caused  bad  diarrhoea  whenever 
the  wnnd  blew  in  that  direction,  and  12  eases  of  "spontaneous  gangrene **(!) 
which  had  appeared  among  children  were  attributed  to  it.  The  cases 
of  disease  in  the  w^orkliouHe  infii'mary  also  acquired,  it  is  said,  a  malignant 
and  intractable  character.^  In  France  the  workmen  engaged  in  the  making 
of  "  poudrette  "  do  not  in  any  'way  suffer,  except  from  slight  opbtlialmia** 
Parent-Ducliatelet  ^  (on  very  slight  evidence  indeed)  thought  the  emanations 
were  even  beneficial  in  some  diseases,  and  Tardieu  seems  inclin€*d  to  support 
this  opinion.     When  the  poudrette  is  decomposing,  and  large  quantities 


*  Sr<;(knd  Rtport  qf  (he  Health  of  Tovms  CommiAsian^  pp,  261  anil  347. 

*  Se«?  AppeiKlix  to  Second  Tiep*yri^  &c.,  op.  cit, 
«  Mnikal  GasetU,  Dfceiu))er  1847. 

^  Piirent-DucMtelet ;  Piitissier  See  aUo  Tardieu,  Diet,  cPEjfgUne^  t  iv.  p.  453,  Topclion, 
iu  18d2»  writer—**  We  do  not  hciitate  to  affirm  that  the  exhalatioaft  from  tbesQ  manuiActoriea 
Itoirits)  exerciiie  no  iujarioaa  action  eithttr  on  man  or  vegetation."  But  it  fauift  be  remem- 
bcn^l  that  these  places  are  ejtc<5lleutly  conductinl ;  ventiktion  is  good,  and  tlio  fiBcal  mftttcrr 
\sk  soon  subjeoted  to  processes  wliich  i»rovent  it«  dooorapoaition. 
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are  brought  inta  email  spaces,  as  on  boanl  ship,  serious  consequences  may 
fu^rtaiuly  result.  Parent-Doch^telet  records  two  cases  of  outbreaks  on 
board  ships  carrying  pauikette  which  fermented  on  the  voyage ;  one  vessel, 
the  "Arthur,"  lost  half  her  crew  (niim1>er  not  known),  and  the  rest  were 
in  a  state  of  deplorable  health  ;  the  men  who  unloaded  the  cargo  were  also 
afli'ected-  The  symptoms  are  not  recorded ;  but,  m  a  smaller  vessel,  where 
all  on  bf»<aixl  (5)  were  similarly  affected,  the  disease  put  on  the  appearance 
of  **  an  adynamic  fever.**  There  was  intense  pain  of  the  head  and  of  all  the 
limbs,  vomiting,  great  prostration,  and  in  two  cases  severe  diarrhoBa.  These 
symptoms  are  very  similar  to  those  already  mentioned  as  produced  in  the 
chihlren  at  Clapham  by  the  opening  of  a  priv^^  In  bone  manure  factories 
it  has  been  shown  that  arsenic  is  given  off  in  the  fumes  in  considerable 
I  quantity,  arising  from  the  use  of  impure  sulphuric  acid.^ 

{h)  The  Air  of  Graveijanis. — There  is  some  evidence  that  the  disturbance 
of  even  ancient  places  of  sepulture  may  give  rise  to  disease.  Vicq  d'Axyr 
refers  to  an  epidemic  in  Auvergne  caused  by  the  opening  of  an  old  cemetery ; 
the  removal  of  the  old  burial-place  of  a  convent  in  Paris  produced  illness  in 
the  iidiabitants  of  the  adjoining  houses.^  In  India,  the  cantonment  at 
Sukkur  was  placed  on  an  ancient  Mussulrann  burial-ground,  and  the  station 
most  unhealthy,''  especially  from  fevers. 

;e  effect  of  effluvia  from  comparatively  recent  putrefying  human  bodies 
ifts  been  observed  by  many  writers.  Rammazzini  "*  states  tliat  sextons 
entering  places  where  there  are  putrefying  corpses  are  subject  to  midignant 
fevers,  asphyxia,  and  suffocating  catarrhs ;  Fourcroy  remarks  that  there  are 
a  thousand  instances  of  the  pernicious  effects  of  cadaveric  exhalations ;  and 
Tardieu^  has  collecte<;l  a  very  considerable  number  of  cases,  not  only  of 
asphyxia,  but  of  several  febrQe  affections  produced  by  exhumations  and  dia- 
turbince  of  bodies.  The  late  Sir  E.  Chadwick,'^  and  the  General  Board  of 
Health,^  also  summed  up  evidence,  which  showed  that  in  churchyards  thickly 
crowded  with  dead,  vapours  were  given  off  which,  if  not  productive  of  any 
speeific  disease,  yet  increased  the  amoimt  both  of  sickness  and  mortality. 
In  some  instances,  this  might  have  been  from  contamination  of  the  drinking 
water;  but  in  other  cases,  as  in  the  houses  bordering  the  old  city  graveyards, 
where  tlie  water  was  supplied  by  public  companies,  the  air  also  must  have 
l>e«n  in  fault.  In  the  houses  which  closely  Ixtrdered  the  old  city  yards, 
which  were  crowded  with  bodies,  cholera  was  very  fatal  in  1849,**  and, 
according  to  some  practitioners,  no  cases  recovered*  All  other  diseases  in 
these  locahties  were  said  to  have  assumed  a  very  violent  and  unfavourable 
type.  Hirt  says,  on  the  other  hand,  that  when  grave-diggers  are  protected 
from  the  acute  effects  of  carbon  dioxide,  their  calling  is  not  unhealthy; 
their  deat!i-rate  ho  gives  at  17  per  1000,  and  their  mean  duration  of  hfo 
at  58-60  years.  This,  however,  is  in  Germany,  where,  as  he  admits,  there 
is  less  crowding  of  graveyards  than  in  England  or  France.  Nageli,  arguing 
probably  from  similar  data,  thinks  that  gi-aveyards  may  exist  in  the  midst 
of  towns  without  danger  to  health,  provided  precautions  be  taken  with 
reference  to  the  di-ainage  and  ventilation  of  the  soil.  Dr  Christie  attributed 
the  origin  of  Dmgue  to  decomposing  dead  bodies  insulhcicntly  buried. 


1  Oft  th4  Presence  t^  Anmic  in  Uu:  Vapfmr/t  of  Bfmt  Afnnurr,  hy  James  Adjuiift^  M.D,,  187tf, 
Ac,  '"*  Tardicu,  Did*  cTffjfffiine,  u  p.  517. 

'  Noniuiii  Chevcni,  European  Soldier*  in  Jnditi,  j>.  404. 

*  MfiUtdi^M  drs  Artiujinji^  p.  71»  »  /-»»>/.  d'llfffjiin^,  1802,  t.  til,  p,  46,1  H  neii^ 
**  Rf^pori  OH  Int^rmctifs  tn  T(*wn3,  f  Rfpm't  on  Extmmuntl  SepvUurf^  1850, 

*  8.  Sniilb  and  Stitherland'a  RrjKntii  on  Ejdramural  Interm/cntf  p.  12.    See  also  Sutber^ 
land's  Rfpifrt  tm  Cholera,  1850,  p.  ST. 
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{%)  Effluvia  from  Sm/fffmhif;  Animals. — On  this  imni  there  is  some 
discn^pjiiicy  of  evidence. 

In  1810  Deyeux,  Pannentier,  and  Pariset  gave  evidence  to  show  that 
the  workmen  in  knackeries  are  iii  no  way  injured.  Pare nt^Duchate let, 
from  his  examination  of  the  health  of  the  men  employed  at  the  knackery 
and  8liuightor-hou«e  at  I\Iontfancon,  came  also  to  the  conclusion  that  tlieir 
hetdth  was  not  atFected.  It  should  be  mentioned  that  this  knackery  is 
remarkably  well  placed  for  ventilation,  and  is  excellently  coriductcd  ;  putrid 
remiiina,  m  the  proper  sense  of  the  word,  do  not  now  exist  in  any  knackery 
in  or  near  Paris ;  the  workmen  are  well  paid  and  well  fed,  and  are  therefore 
prepared  to  bear  the  effect  of  any  injmions  effluvia*  It  has  been  stated^ 
however,  that  in  the  Hotel  Dieii  the  patients  used  to  suffer  when  the  wind, 
loaded  with  effluvia,  blew  from  Montfaucon  (Henry  Bennet).  Tartlieu, 
from  a  late  re-examination  of  the  quciition,  eontirms  Parent's  conclusions,^ 
except  as  regards  glanders  and  malignant  postule,  t^iuchini^  which  Parent- 
I)uchatelet*s  evidence  was  as  usual  negative,  Tardieu,-  however,  sUtce 
that  many  examples  occur  in  the  French  knackeries  of  the  transndssion  of 
these  diseases,  though  glanders  and  farcy  axe  legs  frequently  caught  in 
knackeries  than  in  stiibles.  No  analysis  has  yet  been  made  of  the  air  of 
knackeries, 

Parent-Dnch^telet  ^  is  also  often  quoted  as  having  proved  that  the  ex- 
posure r»f  the  remains  of  4000  horses,  killed  in  the  battle  of  Paris  in  1814, 
pDiiduced  no  had  effects,  Tlxe.se  horses  %vere  killed  on  the  30th  March,  ami 
were  burnt  on  the  10th  and  12th  April  They  gave  out  *Mme  odeur 
infecte,"  whicli  itrcMluced  no  bad  results  on  those  who  collected  tlie  Ixjdie^. 
Parent'Duthatelet  inquired  particularly  whether  typhus  was  protiuced  by 
the  effluWum,  and  proved  that  it  was  not,- — a  conclusion  conformable  to  our 
present  doctrine.  He  did  not,  however,  do  more  than  examine  the  registers 
of  deaths  of  the  three  years  before,  during,  and  after  the  battle,  and  found 
no  evidence  for  increased  mortiihty.  The  utmost  this  observation  shows  is, 
that  no  typhus  was  produced,  and  that  the  amount  of  decomposition,  caused 
by  eleven  days  of  hc>t  weather,  did  not  affect  those  concerned  in  collecting 
and  burning  the  ben  lies. 

On  the  other  hand,  the  ex|>erienc6  of  many  campaigns,  where  eoldiers 
have  been  exposed  to  the  products  of  an  advanced  putrefaction  of  horses, 
shows  that  there  is  a  decided  influence  on  health.  I^ringle  espiccially  noticed 
this ;  and  in  many  subsequent  c^impaigns  this  condition  has  1)een  one  of 
tlie  causes  of  insjihibrity.  Diarrhoea  and  dysenl^:'ry  are  the  principle  diseases; 
but  all  affe(^tions  are  increased  in  severity.  At  the  siege  of  Sebastopol, 
where,  in  the  French  camp,  a  gre^it  number  of  bodies  of  horses  lay  putre- 
fying on  the  ground,  Keynal  *  describes  the  effect  as  dististrous,  and  even 
conjectures  that  the  spread  of  typhus  was  connected  with  the  condition, 
though  this  is  unlikely, 

(k)  Air  of  Brickjields  and  Cement  Works, — ^Tlie  peculiar  smell  of  brick- 
fields caimot  be  owing  to  ciu'bon  dioxide  or  monoxide,  or  to  hydrogen 
sulphide  or  sulphur  dioxide  (the  gases  evolved  from  the  kilns) ;  but  its 
exact  cause  is  not  known*  The  air,  at  its  exit  from  the  chimneys  of  fur- 
naces and  kilns,  is  rapidly  fatid  ;  but  so  rapid  is  it^s  ascension,  dilution,  and 
diffusion,  that  at  a  little  dif^tjujce  it  is  respiralde.  In  almost  all  the  actions 
against  the  owners  of  brickfields  notliing  more  than  a  nuisance  has  been 
e^tidilislied,  and  this  not  in  the  legal  eenae.     The  smoke  and  gases  from 


»  JHet,  d'Hpi/iint:,  L  iv.  p,  4«jS. 


a  Op.  cit,  t.  iv,  p.  468, 

*  Tanllta,  Di^,  d'Hifffiene,  t  ii,  p. 
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cement  works,  however,  destroy  neighbouriug  vegetation.  The  smell  can 
be  perceived  for  several  hundred  yards.^  In  the  north  of  France  it  is 
ordered  that  no  kilns  shall  be  within  50  metres  (54j^  yards)  of  a  public 
road ;  and  the  kilns  are  lighted  only  at  night. 

(I)  Air  of  Tallow-Makers^  JBonebnmerSy  dsc. — In  many  trades  of  this  kind 
large  quantities  of  very  disagreeable  animal  vapours  are  produced,  which 
spread  for  a  long  distance,  and  are  most  disagreeable.  Although  a  nuisance, 
it  is  dijficult  to  bring  forward  positive  evidence  of  insalubrity.  But  the 
odour  is  so  bad  that  in  France  ndes  are  in  force  to  oblige  the  vapours  to  be 
condensed  or  consimied,^  and  if  in  the  process  any  water  is  contaminated 
with  fatty  acids,  it  is  neutralised  with  lime.  M.  Foucon  has  figured  an 
apparatus  which  completely  bums  the  animal  vapours.^ 

(m)  Air  of  Marshes, — It  seems  scarcely  necessary  to  allude  to  this  point, 
except  to  notice  that,  in  addition  to  paroxysmal  fevers,  it  has  been  supposed 
that  serous  diarrhoea  (a  sort  of  dysenteria  incruenta)  aiid  true  bloody 
dysentery,  are  produced  by  malaria ;  also  that  there  is  perhaps  some  con- 
nection between  malaria  and  liver  abscess.  The  breathing  of  marsh  air  also 
may  produce  an  imperfect  condition  of  nutrition,  in  which  enlarged  spleen 
plays  a  prominent  part,  and  the  mean  duration  of  life  is  shortened. 

in)  Unknown  Conditions  of  the  Atmosphere. — Occasionally,  outbreaks  of 
disease  occur  from  impurities  of  the  atmosphere,  the  nature  of  which  is  not 
known,  though  the  causes  giving  rise  to  tiiem  may  be  obvious.  Dr  Majer 
records  a  case  of  a  school  at  Ulm,  of  sixty  or  seventy  boys,  where  the 
greater  nimiber  were  suddenly  aflfected,  on  a  warm  day  in  May,  with 
similar  symptoms — ^giddiness,  headache,  nausea,  shivering,  trembling  of  the 
limbs,  sometimes  fainting.  The  attack  occurred  again  the  next  day,  and  a 
common  cause  was  certain.  The  room  was  enclosed  by  walls,  in  a  narrow 
space,  where  the  snow  had  lain  all  the  winter :  the  wall  was  covered  with 
fimgous  vegetation,  and  with  salts  from  the  mortar.  From  the  sudden 
entrance  of  warm  weather,  fermentation  had  set  in,  and  a  strong  marshy 
smell  was  produced ;  the  substances  of  whatever  kind  generated  in  this 
way  accumulated  in  the  narrow,  ill -ventilated  space.  Removal  to  a 
healthier  locality  at  once  cured  the  disease. 

1  At  Southampton  the  smell  is  perceptible  at  a  distance  of  two  miles. 

2  Vernois,  Hygilne  Indus.,  t.  ii.  p.  60. 

5  Pappenheim's  BeiL  der  Sanitat.  Pol.,  Heft  ii. 


CHAPTER  V. 
VENTILATION. 

Thb  term  ventilation  is  not  always  used  in  the  same  sense.  By  some  it  is 
applied  to  the  dilution  and  removal  of  all  impurities  which  can  collect  in 
the  air  of  inhabited  rooms.  The  most  common  causes  of  such  impurities  are 
the  respiration  and  cutaneous  transpiration  of  men,  the  products  of  combus- 
tion of  lights,  the  effluvia  of  simple  uncleanliness  of  rooms  or  persons,  the 
products  of  the  solid  or  liquid  excreta  retained  in  the  room,  or,  in  hospital, 
discharges  from  the  body  or  from  dressings.  In  addition  there  may  be 
special  conditions  which  allow  impure  air  to  flow  into  a  room,  as  from  the 
basement  of  a  house,  from  imperfectly  trapped  soil  and  waste  pipes,  or  from 
other  impurities  outside  a  house. 

It  will  be  desirable,  however,  to  restrict  the  term  ventilation  to  the  removal 
or  dilution,  by  a  supply  of  pure  air,  of  the  pulmonary  and  cutaneous  exhala- 
tions of  men,  and  of  the  products  of  combustion  of  lights  in  ordinary  dwell- 
ings, to  which  must  be  added,  in  hospitals,  the  additional  effluvia  which 
proiceed  from  the  persons  and  discharges  of  the  sick.  All  other  causes  of 
impurity  of  air  ought  to  be  excluded  by  cleanliness,  proper  removal  of  solid 
and  liquid  excreta,  and  attention  to  the  conditions  surrounding  dwellings. 

The  subject  of  ventilation  may  be  conveniently  considered  under  the  fol- 
lowing heads : — 

1.  The  quantity  of  fresh  air  required  for  the  purposes  defined  above. 

2.  The  mode  in  which  this  quantity  may  be  supplied. 

3.  The  method  of  examining  whether  ventilation  is  sufficient  or  not ;  in 
other  words,  ascertaining  that  the  air  of  inhabited  rooms  is  pure  according  to 
a  certain  standard.     This  will  form  the  subject  of  a  separate  section. 


SECTION  L 

QUANTITY  OF  AIR  REQUIRED. 

1.  Quantity  required  to  dilute  or  remove  the  respiratory  impurities 
caused  by  healthy  persons. 

The  impurities  added  to  the  air  by  respiration  have  been  already  enum- 
erated. 

The  COg  which  a  human  being  adds  to  the  air  he  dwells  in  is  not  in  itself 
an  important  impurity,  the  amoimt  being  too  small  to  exercise  much  influence 
on  health  ;  but  it  is  practically  in  a  constant  ratio  with  the  more  important 
organic  matter  of  respiration ; — and,  as  it  is  readily  determined  with  sufficient 
accuracy  for  practical  purposes,  it  is  taken  as  a  convenient  index  to  the 
amount  of  the  impurities.^ 

1  One  of  the  earliest  observers  to  recognise  the  value  of  carbonic  acid  as  an  index  of  purity 
appears  to  have  been  F.  le  Blanc,  whose  memoir,  Richerches  sur  la  Composition  de  VAir  Con- 
Jini  (1842),  is  cited  by  General  Morin.  He  apj^ears  to  have  had  clearer  notions  as  to  the 
amount  of  air  necessary  than  most  of  his  contemx>oraries. 
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Pettenkofer,  whose  experiments  are  still  the  most  trustworthy,  ascertained 
that  a  man  of  twenty-eight  years  of  age,  weighing  132  ft  avoir.,  evolved  per 
hour  at  night  during  repose  0*56  of  a  cubic  foot  of  COg,  and  0*78  in  the  day 
time,  using  very  moderate  exertion: — during  hard  work  the  same  man 
evolved  1*52  per  hour.     These  amounts  give  the  following : — 

In  repose,      .        .     0*00424  cub.  ft.  of  COj  per  lb  of  body-weight. 
In  gentle  exertion,     0*00691         „  „  „ 

In  hard  work,       .     0-01227  „  „  „ 

These  figures  are  nearly  in  the  ratio  of  2,  3,  and  6,  and  this  may  serve  as 
a  guide  to  the  proportions  of  fresh  air  required.  K  we  now  take  the  average 
weight  of  adult  males  at  150  ft  to  160  ft,  adult  females  at  100  ft  to  120  ft, 
and  children  at  60  ft  to  80  ft,  we  should  have  the  following  amounts  of  COj 
evolved  per  hour  in  repose : — 


Adult  males, 

.     0-636  to  0-678  cubic  foot 

„     females,     . 

.     0-424  to  0-609        „ 

Children,     . 

.     0-264  to  0-339        „ 

The  estimate  for  children  is  probably  too  little,  as  tissue  change  is  more 
active  in  their  case. 

For  a  mixed  community  a  general  average  of  0-6  of  a  cubic  foot  per  hour 
may  be  adopted;  but  for  adult  males,  such  as  soldiers,  it  is  advisable  to 
adopt  0-7  to  0-72. 

Taking  the  COg  as  the  measure  of  the  impurity  of  the  air  vitiated  by 
respiration  and  transpiration,  in  short,  from  the  person  in  any  way,  we  have 
to  ask.  What  is  to  be  considered  the  standard  of  purity  of  air  in  dwelling- 
rooms?  We  cannot  demand  that  the  air  of  an  inhabited  room  shall  be 
absolutely  as  pure  as  the  outside  air ;  for  nothing  short  of  breathing  in  the 
open  air  can  insure  perfect  purity  at  every  respiration.^  In  every  dwelling- 
room  there  will  be  some  impurity  of  air. 

The  practical  limit  of  purity  will  depend  on  the  cost  which  men  are  willing 
to  pay  for  it.  If  cost  is  disregarded,  an  immense  volimie  of  air  can  be  sup- 
plied by  mechanical  contrivances,  but  there  are  comparatively  few  cases  in 
which  this  could  be  allowed. 

Without,  however,  attempting  too  much,  it  may  be  fairly  assimied  that  the 
quantity  of  air  supplied  to  every  inhabited  room  should  be  great  enough  to 
remove  all  sensible  impurity,  so  that  a  person  coming  diriectly  from  the 
external  air  should  perceive  no  trace  of  odour,  or  difference  between  the 
room  and  the  outside  air  in  point  of  freshness.  This  is  now  pretty  generally 
admitted  as  the  most  convenient  practical  standard,  precautions  being  taken 
that  the  air  space  be  entered  directly  from  the  external  air,  or  as  nearly  so 
as  possible,  for  the  sense  of  smell  is  rapidly  dulled. 

In  a  paper  by  de  Chaiunont  ^  it  is  8ho\\Ti,  from  a  large  number  of  observa- 
tions (473  analyses),  that  the  sense  of  smell  carefully  employed  gives  a  very 
fair  idea  of  the  amount  of  impurity  in  an  air  space.  In  these  experiments 
the  amount  of  COg  in  the  external  air  was  determined  at  the  same  time,  so 


1  Thus  the  carbonic  acid  in  the  air  being  taken  at  0  4  per  1000,  and  the  carbonic  acid  of 
respiration  being  placed  at  0*6  cubic  foot  in  an  hour,  a  man  placed  in  a  room  of  1000  cubic  feet 
of  air  must  receive  no  less  than  1,000,000  cubic  feet  of  outsiae  air  in  an  hour  to  reduce  the  car- 
bonic acid  to  the  standard  (nearly  0*401  per  1000)  of  the  firesh  air.—"  On  VentiUition  and  Cubic 
Space,"  by  F.  de  Chaumont,  F.R.S.,  Edinburgh  Med.  Jour.,  May  1867. 

2  "  On  the  Theory  of  Ventilation,^'  Proceedings  of  the  Royal  Society,  No.  168,  p.  187, 1876, 
and  No.  171, 1876. 
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that  the  respiratory  impurity  was  accurately  kno^vn.     Dividing  the  observa- 
tions into  groups,  the  following  results  were  obtained : — 


1.  Fresh,  or  not 

difiFering    aen- 

sibly  from  the 

outer  air. 

S.  Rather  close. 

Organic  matter 

becoming 

perceptible. 

8.  Close. 

Organic  matter 

disagreeable. 

4.  Very  close. 

Organic  matter 
offensive  and  op- 
pressive; limit  of 
differentiation  by 

Mean  CO,  per  1000  vols,  re- 
duced to  0*Cent  (- 82'' F. ), 
daeto  respiratory  impurity, 

-     0-1943 

0-4182 

0-6708 

0-9054 

It  will  thus  be  seen  that  the  smell  of  organic  matter  is,  on  an  average, 
imperceptible  to  the  sense  of  smell  when  the  coincident  COg,  due  to  respira- 
tory (or  personal)  impurity,  does  not  exceed  0-1943  per  1000 ;  and  that 
when  it  reaches  0*9054,  smell  is  no  longer  able  to  detect  shades  of  differ- 
ence. We  may  therefore  take  0*2  per  1000  in  round  numbers  as  the 
maximimi  amount  of  respiratory  impurity  admissible  in  a  properly  ventilated 
air  space. 

Adopting,  then,  this  standard  as  the  measure  of  the  permissible  maximum 
of  impurity,  the  next  point  is  the  quantity  of  pure  external  air  which 
should  pass  through  the  air  of  a  room,  vitiated  by  respiration,  per  head 
per  hour,  in  order  to  keep  the  COg  at  this  ratio,  assuming  a  general  average 
of  0*6  of  a  cubic  foot  per  head  per  hour  to  be  given  out.  The  following 
table  gives  the  answer  to  this  question,  under  different  conditions  of  cubic 
space : — 

Table  to  show  the  degree  of  CoTitaminatum  of  the  Air  {in  terms  of  CO^)  by  Respiration^ 
and  the  anvount  of  air  necessary  to  dilute  to  a  given  standard  of  ^'2  per  1000  volumes 
of  air^  exclusive  of  the  amount  originally  present  in  Vie  air. 


Amount  of  cubic  space 
f= breathing   space) 
for  one    person   in 
cubic  feet. 

Ratio  per  1000  of  CO, 

from  respiration  at 

the  end  of  one  hour,  if 

Amount,  of  air  necessary 
to  dilute  to  standard  of  0*2 

Amount  necessary  to 
dilute  to  the  given 

there  has  been  no  change 
of  air. 

during  the  first  hour. 

after  the  first. 

100 

6-00 

2900 

8000 

200 

3-00 

2800 

8000 

800 

2-00 

2700 

8000 

400 

1-60 

2600 

8000 

500 

1-20 

2500 

8000 

600 

1-00 

2400 

8000 

700 

0-86 

2300 

8000 

800 

0-75 

2200 

8000 

900 

0-67 

2100 

8000 

1000 

0-60 

2000 

3000 

For  the  sake  of  simplicity,  the  COg  naturally  in  the  air  has  been  disre- 
garded ;  but,  of  course,  there  would  be  naturally  in  the  air  from  0*3  to  0*4 
volumes  per  1000  more  from  this  source.  Thus  (if  we  take  it  at  0*4),  in  the 
room  of  100  cubic  feet,  there  would  at  the  end  of  an  hour  (-04  +  -6)  =  0-64 
volumes,  or  6*4  per  1000,  and  in  the  room  of  200  cubic  feet  there  would  bo 
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(>'34  volumes  per  cent.,  or  3*4  per  1000.     The  above  table  is  calculated 
from  this  formula,^ 

P 

where  p^  =  Respiratory  impurity  per  1000  volumes  existing  in  the  air  space 
Cj  stated  in  tenns  of  COj. 
p.  ■=  Admissible  limit  of  respiratory  impurity,  that  is,  0*2  per  1000 

volimies. 
c  =  Air  space,  in  cubic  feet. 
d  =  Amount  of  fresh  air  required,  in  cubic  feet. 
Thus  the  difference  between  the  actual  ratio  of  vitiation  and  the  admissible 
limits  multiplied  by  the  capacity  of  the  air  space  and  divided  by  the  ad- 
missible limits  gives  the  amount  of  fresh  air  required. 

Example:  Let  pi  =  l.  and  c  =  600:  then  ^  ''^'^  =  4,  and  4  x  600  = 

2400  cubic  feet  of  air  required. 

This  formula  is,  however,  inconvenient  in  form,  and  gives  to  cubic  space 
an  apparent  importance  which,  as  we  shall  see  further  on,  it  does  not  possess. 
The  following  is  therefore  better,  as  it  is  of  general  application. 

P 

where  e  =  the  amoimt  of  COg  exhaled  by  one  individual  in  an  hour,  p  =  the 

limit  of  admissible  impurity  (stated  per  cubic  foot),  and  d  =  the  required 

delivery  of  fresh  air  in  cubic  feet  per  hour.     If  p  be  expressed  per  1000 

volumes,  then  d  must  be  taken  to  represent  the  number  of  thousands  of 

cubic  feet  of  air.     If  now  we  take  e  at  the  general  average  of  0*6  of  a  cubic 

f oot^  then : 

O'fi  O'fi 

3000  or  ^r;^  =  3  =  nimiber  of  thousands  of  cubic  feet  of  air  required. 


0-0002     ''""""*  0-2 

This  formula  may  also  be  used  conversely,  in  order  to  find  from  the  con- 
dition of  the  air  the  average  amount  of  fresh  air  which  has  been  hitherto 
supplied  and  utilised.  For  this  purpose  we  simply  substitute  for  p  (the 
admissible  limit)  pj,  the  observed  ratio.  Thus,  let  us  suppose  that  p^,  the 
observed  ratio  of  vitiation,  was  0*7  per  1000  vols.,  we  should  have : 

O'fi 

q:=  =  0*857  =  number  of  thousands  of  cubic  feet, 

or  857  cubic  feet  of  air  per  head  per  hour  had  been  supplied  and  utilised 
during  the  time  of  occupation. 

We  can  also  calculate  the  probable  condition  of  an  air  space  in  which  a 

given  quantity  of  air  is  supplied :  thus,-^  =  pj ;  taking  the  amount  directed 

a 

for  soldiers  in  barracks,  viz.,  1200  per  hour,  we  have  (assuming  that  e  re- 
presents in  this  case  0*72) 

0*72 

j2QQ  =  0*0006  COj  per  cubic  foot,  or  0*6  per  1000  vols. 

1  See  F.  de  Chaumont's  papers  in  the  Lancet,  Sept.  1866,  and  Edin,  Med.  Journal,  May 
1867  ;  also  Professor  Donkin  s  Memorandum  in  the  Blue  Book  of  the  Committee  on  the  Cubic 
Space  of  the  Metropolitan  Workhouses  (1867). 
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Where  the  quantity  e  is  less  than  the  above  amounts,  as  for  instance  in 
the  case  of  children,  we  should  have,  assuming  children  to  evolve  0*4  of  a 
cubic  foot, 

0-4 

—  =  2  =a  number  x>f  thousands  of  cubic  feet  of  air  required. 

For  a  long  time  after  this  subject  first  attracted  attention  the  amount  of 
fresh  air  supposed  to  be  necessary  was  put  at  too  low  a  figure.  Even  the 
figures  of  General  Morin,^  which  were  a  great  advance  at  the  time,  are  in- 
sufficient He  proposed  2118  cubic  feet  (60  cub.  metres)  for  barracks  at 
night,  and  Kanke  adopts  the  same  figures. 

Roth  and  Lex^  adopt  the  maximum  of  total  impurity  at  0*6  per  1000, 
which  includes  0*4  of  initial  COg ;  and  as  they  estimate  the  expired  COg  as 
20  litres,^  or  0*706  cubic  feet  (Eng.),  per  hour,  they  give  the  hourly  quantity 
of  air  as  100  cubic  metres,  or  3533  cubic  feet. 

It  is  highly  desirable  that  some  general  agreement  should  be  come  to  as  to 
the  amount  of  air  necessary,  even  if  it  be  admitted  that  the  desired  amount 
cannot  always  be  obtained.  If  we  adopt  the  following  amoimts  of  COg  as 
being  evolved  during  repose,  we  shall  not  be  far  from  the  probable  truth: — 

Adult  males     (say  160  lb  weight),  .  0'72of  a  cubic  foot 

„      females  (  „  120  lb      „     ),  .  .     0*6  „ 

Children  (,,    801b      „     ),  .  .0-4 

Average  of  a  mixed  community,  .0*6  „ 

Under  those  conditions  the  amount  of  fresh  air  to  be  supplied  in  health 
during  repose  ought  to  be — 

For  adult    males,    .  .  3600  cubic  feet  per  head  per  hour— 102  cm. 

„      „        females,  .  3000  ,,  „  ,.         «  86    ,, 

„   children,  .  .  2000  ,,  „  ,,         -  67    ,, 

„   a  mixed  community,  .  3000  ,,  ,,  ,,         «=  85    „ 

The  amount  for  adult  males  as  above  given  is  just  over  100  cubic  metres, 
or,  if  we  state  it  at  3600  cubic  feet,  it  is  just  one  cubic  foot  per  second. 
These  nimibers  are  easy  to  remember.* 

When  we  have  to  deal  with  places,  the  inmates  of  which  are  actively 
employed,  such  as  workshops  and  the  like,  the  amount  of  air  supplied  must 
be  proportionately  increased.  We  have  seen  that  in  light  work  the  COg 
evolved  per  hour  is  nearly  0*006  of  a  cubic  foot  per  5)  of  body-weight,  and 
in  hard  work  more  than  double  that  amount, — so  that  for  a  man  of  160  fi> 
weight  we  should  have — 

In  light  work,  .  .     0*96  of  a  cubic  foot  of  COa  evolved  per  hour. 

In  hard  work,  .  .     1*96  ,,  ,,  „ 

This  would  argue  a  delivery  of  fresh  air  as  follows : — 

In  light  work,  ....  4760  cubic  feet 

In  hard  work,   ....  9800        ,, 

Camelley,  Haldane,  and  Anderson^  point  out  that  the  test  by  the  sense  of 
smell  is  liable  to  be  influenced  by  many  conditions,  and  that  it  not  infre- 

1  Rapport  de  la  Commission  sur  U  Chaufage  et  la  Ventilation  des  Batiments  du  Palais  de 
J«^tc<;,  Paris,  1860 ;  also  Manuel  Pratique  du  Chauffage  etdela  Ventilation^  1874. 

2  Milit,  OesundsheUpJt.y  p.  221. 

8  This  amount  is  also  adopted  by  General  Morin. 

4  Average  weight  of  adult  males  aged  25  to  30,  in  the  artisan  class,  141  lbs.;  in  the  "  most 
favoured  ''^ class,  156  lbs.  Girls  of  18,  "  most  favoured  "  class,  116  lbs.  including  clothes.— 
(Roberts,  Practical  Anthropometry,  1878.)  According  to  these  figures  the  weights  in  the  text 
appear  rather  high. 

^Pha.  Trans,,  1887. 
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quently  happens  that  a  more  overpowering  odour  is  perceptible  with  a 
small  than  with  a  larger  amount  of  COg.  They  propose  the  following 
standards: — 0*6  COg  respiratory  impurity  for  dwellings  and  0*9  for  schools ; 
for  organic  matter  2*86  mgrams.  of  oxygen  used  per  cubic  metre  (over  outside 
air)  :  total  micro-organisms  20  per  litre  over  outside  air,  the  ratio  of  Bacteria 
to  moulds  not  to  exceed  30  to  1.  This  is  a  liberal  margin,  which  certainly 
ought  not  to  be  transgressed,  arguing  as  it  does  not  more  than  1000  cubic 
feet  of  air  per  head  per  hour  in  dwellings  and  about  550  in  schools. 

It  was  stated  long  ago,  from  extensive  observations,  that  in  mines,  if  it 
was  wished  to  keep  up  the  greatest  energies  of  the  men,  no  less  than  100 
cubic  feet  per  man  per  minute  (  =  6000  per  hour)  must  bo  given ;  if  the 
quantity  were  reduced  to  one-third,  or  one-half,  there  was  a  serious  dimi- 
nution in  the  amount  of  work  done  by  the  men.  This  amount  included,  of 
course,  all  the  air  wanted  in  the  mine  for  horses,  lights,  &c,^ 

The  amoimt  for  animals  is  an  important  question  which  has  been  little 
studied.     Marcker  ^  gives  the  following  from  experiments  : — 

For  large  cattle  (viz.,  oxen,  &c.)  30  to  40  cubic  metres  per  hour  for  every 
1000  Jb  weight,  or  1  to  1 J  cubic  foot  for  every  ft)  weight. 

For  sm^all  cattle  (viz.,  sheep,  &c.)  40  to  50  cubic  metres  per  hour  for  every 
1000  5)  weight,  or  IJ  to  If  cubic  foot  for  every  5)  weight;  the  higher 
quantity  being  given  on  account  of  the  more  rapid  tissue  change  in  the 
smaller  animals.  These  quantities  seem  absurdly  small,  and  the  chief 
reason  for  so  limiting  them  seems  to  have  been  the  fear  of  lowering  the 
temperature  too  far.  This  is  an  erroneous  view  :  animals  properly  fed  will 
thrive  better  in  a  weU-ventilated  place  at  a  low  temperature  than  in  a 
warmer  place  ill-ventilated.  There  seems  no  reason  why  the  same  rule 
should  not  apply  to  animals  as  to  man,  in  which  case  something  like  20  to 
25  cubic  feet  per  hour  per  lb  of  body-weight  ought  to  be  supplied.  A  horse 
or  a  cow  ought,  therefore,  to  have  from  10,000  to  20,000  cubic  feet  per 
hour, — ^in  short,  it  ought  to  be  practically  in  the  open  air. 

From  F.  Smith's  experiments,  and  using  de  Chaumont's  formula,  —  ^d, 

where  e  (in  a  horse)  equals  1*13,  it  is  shown  that  the  amount  supplied 
ought  to  be  5650  cubic  feet  per  hour,  if  the  limit  of  respiratory  impurity 
be  assimied  at  0*2  per  1000.  From  the  experiments  given  in  Mr  Smith's 
work  the  amount  of  air  supplied  ranged  from  38,000  cubic  feet  per 
hour  to  2900 ;  in  the  latter  case  the  smell  is  described  as  abominable. 
It  is  clear,  therefore,  that  the  amount  of  air  ought  to  be  as  large  as 
possible,  and  fortunately  in  the  case  of  animals  this  can  be  accomplished 
without  any  great  difficulty;  as  F.  Smith  considers  that  with  proper 
feeding  and  attention  the  air  about  a  horse  may  be  changed  every  three 
minutes,  or  twenty  times  an  hour,  without  danger,  although  the  coat 
may  not  turn  out  so  glossy  as  in  a  warmer  stable.^ 

2.  On  the  Quantity  of  Air  required  for  Lights  if  the  Air  is  to  he  kept 
pure  hy  Dilution, 

Air  must  be  also  supplied  for  lights  if  the  products  of  combustion  are 
allowed  to  pass  into  the  room.  Wolpert  has  calculated  that,  for  every 
cubic  foot  of  gas,  1800  cubic  feet  of  air  must  be  introduced  to  dilute 
properly  the  products  of  combustion;  and  this  is  not  too  much  if  wo 


1  Proceedings  c^  the  Inst,  of  Civil  Engineers^  vol.  xii.  pp.  298  and  808. 

»  Veterinary  Hygiene,  1887,  p.  67,  and  Journal  qf  Physiology,  voL  xi.  1890. 
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remember  that  a  cubic  foot  of  good  coal  gas  produces  about  2  cubic  feet  of 
carbon  dioxide,  and  that  sulphur  dioxide  and  other  substances  may  be  also 
formed.  A  common  small  gas-burner  will  bum  nearly  3  feet  per  hour,  and 
will  consume  10  or  probably  12  cubic  feet  in  an  evening  (4  hours),  and 
therefore  from  18,000  to  21,600  cubic  feet  of  air  must  be  introduced  for 
this  purpose  alone  in  the  4  hours,  unless  the  products  of  combustion  are 
removed  by  a  special  channel^  The  power  of  illumination  being  equal,  gas 
produces  less  COj  than  candles ;  but  usually  so  much  more  gas  is  burnt 
that  the  air  is  much  more  deteriorated :  there  is  also  greater  heat  and  more 
watery  vapour.  The  products  should  never  be  allowed  to  escape  into  the 
air  of  the  room.  Weaver  has  shown  how  important  a  source  of  impurity 
this  is ;  and  the  bad  effects  of  breathing  the  products  of  gas  combustion  are 
well  known. 

One  flt>  of  oil  demands,  for  complete  combustion,  138  cubic  feet  of  air ;  and, 
to  keep  the  air  perfectly  pure,  nearly  as  much  air  must  be  introduced  for  1  Tb 
of  oil  as  for  10  feet  of  gas.  In  mines,  60  cubic  feet  per  hour  are  allowed 
for  each  light ;  the  lights  generally  are  dim,  and  the  amoimt  of  combustion 
is  slight ;  but  this  seems  an  extremely  small  amount. 

If  gas  is  not  burnt  in  a  room,  or  in  a  very  small  amount,  or  if  only  candles 
or  oil  lamps  are  used,  it  is  seldom  necessary  to  take  them  into  account  in 
estimating  the  amoimt  of  air. 

The  electric  light  is  now  largely  used,  even  in  private  houses,  and  as  it 
does  not  contribute  any  impurity  to  the  air,  no  extra  provision  of  fresh  air 
is  required. 

3.  On  the  Quantity  required  for  the  Respiration  and  Dilution  of  the 
Emanations  of  Sick  Men, 

In  making  differential  experiments  among  the  healthy  and  the  sick,  it 
has  been  found  ^  that  among  the  former  the  smell  of  organic  matter  was 
still  imperceptible  when  the  air  contained  0*208  per  1000  of  respiratory 
impurity  as  CO2;  but  in  hospitals  containing  ordinary  cases  it  was  quite 
distinct  when  the  COg  reached  0*166.  From  this  we  may  conclude  that  the 
minimum  amount  of  fresh  air  for  hospitals  ought  to  exceed  that  required 
in  health  by  at  least  one-fourth.  If  3000  cubic  feet  per  hour  be  admitted 
as  a  general  average  in  health,  we  may  demand  in  round  numbers  4000  in 
sickness ;  and  if  we  have  to  deal  with  adult  males  only,  such  as  soldiers, 
4500  per  head  per  hour.  When  we  have  to  deal  with  serious  cases,  a  still 
greater  amount  must  be  given,  reaching  5000,  6000,  or  even  more  if  possible, 
— in  fact,  the  supply  should  be  unlimited.  These  views  are  in  accordance 
with  the  results  of  experimental  inquiry  (Grassi  in  Paris ;  Sankey  in  London ; 
Sutherland). 

In  some  diseases,  so  much  organic  substance  is  thrown  off,  that  scarcely 
any  ventilation  is  sufficient  to  remove  the  odour.  In  some  of  the  London 
hospitals  de  Chaumont  found  that  there  was  still  a  close  smell  when  5000 
cubic  feet  and  even  more  were  supplied,  but  the  distribution  was  not  perfect 
Even  when  3600  feet  were  supplied  and  utilised  (as  calculated  from  the  COo), 
the  ward  was  not  free  from  smell.  The  best  surgeons  now  consider  an 
almost  complete  exposure  of  pyaemia  patients  to  the  open  air  the  best  treatr 
ment ;  and  it  is  well  known  that  in  typhus  fever  and  (to  a  less  extent)  in 
enteric,  and  also  in  smallpox  and  plague,  this  complete  exposure  of  patients 
to   air  is  the  most  important  mode  of  treatment,  before  even  diet  and 

1  See  an  elaborate  table  by  M.  Lavet,  Revue  dP  Hygiine^  vol.  ii.  pp.  1096-97. 
a  "  The  Theory  of  Ventilation,"  by  Dr  F.  de  Chaumont,  Proc,  Boy,  Soc,  loc,  ciL 
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medicines.  Even  temperature  must  be  sacrificed  to  a  considerable  extent, 
in  order  to  obtain  fresh  air,  if  a  choice  requires  to  be  made  between  the  two. 
Humidity, — The  condition  of  the  air  as  regards  humidity  is  a  matter  of 
some  importance,  but  has  not  hitherto  been  much  considered.  In  de 
Chaumont's  experiments  the  mean  humidity,  in  rooms  having  less  than 
0*2  per  1000  of  respiratory  impurity  (reckoned  as  COg)  was  73  per  cent., 
at  a  temperature  of  63'  Fahr.  This  might  be  taken,  provisionally,  as  a 
standard,^  at  least  for  climates  like  our  own.  In  drier  climates,  however, 
as  in  America,  such  a  condition  would  not  be  attainable  in  many  cases, 
when  the  external  air  has  a  mean  humidity  of  40  or  even  30  per  cent.  In 
Grermany.  50  per  cent,  is  looked  upon  as  an  average  humidity,  whilst  in 
England  this  would  indicate  an  exceptionally  dry  atmosphere. 


SECTION  II. 

THE  MODE  IN  WHICH  THE  NECESSARY  QUANTITY  OF  FRESH 
AIR  CAN  BE  SUPPLIED. 

This  is  an  engineering  problem,  and  there  can  be  no  doubt  that  in  time 
to  come  it  will  be  as  carefully  considered  by  engineers  as  the  supply  of 
water,  or  the  removal  of  the  solid  and  liquid  excreta.  Ventilation  is,  in  fact, 
the  problem  of  the  removal  of  the  gasiform  excreta  of  the  lungs  and  skin. 

Sub-Section  I. — Preliminary  Considerations. 

1.  Cubic  Space, ^ — A  certain  amount  of  fresh  air  has  to  pass  through  a 
given  air  space  in  a  fixed  time,  in  order  to  maintain  a  certain  degree  of 
purity;  the  amount  has  been  fixed  at  3000  cubic  feet  for  each  healthy 
person  in  an  hour ;  before  considering  the  appliances  for  removing  this  air, 
we  must  consider  what  should  be  the  minimum  size  of  the  space  through 
which  the  fresh  air  has  to  pass. 

This  will  entirely  depend  on  the  rate  at  which  air  can  be  taken  through 
the  space  without  the  movement  being  perceptible-  or  injurious.  The  size 
of  the  space  is  of  consequence,  chiefly,  in  so  far  as  it  affects  this  condition. 
The  larger  the  air  space  the  less  is  the  necessity  for  the  frequent  renewal 

1  From  the  state  of  the  air  as  regards  humidity,  information  may  sometimes  be  obtained 
which  might  take  the  place  of  the  CO2  determination,  in  the  absence  of  means  for  carrjonK  out 
the  latter.  For  instance,  at  St  Mary's  Hosjpital,  the  air  of  the  wards  was  found  to  have  7o  per 
cent,  of  humidity,  or  6*8  grains  per  cubic  K)ot ;  to  reduce  it  to  73  per  cent.,  or  6*5  grains  per 

cubic  foot,  whUe  the  external  air  contained  5*2,  we  should  have  5751570 =o^=l»  or  we  should 

require  to  add  to  the  existing  delivery  of  air  at  least  as  much  more  per  hour  as  would  equal 
the  total  cubic  space.  In  the  case  referred  to  this  was  about  2256  cubic  feet.  The  actual 
supply  was  2080,  total  4336  per  head,  or  just  about  the  quantity  demanded  for  proper  hospital 
ventilation. 

*  In  the  metropolitan  lodging-houses,  30  superficial  and  240  cubic  feet  are  allowed  ;  in  the 
section-houses  of  the  metropolitan  police  50  superficial  and  450  cubic  feet  are  given.  The 
Local  Government  Board  allows  300  cubic  feet  for  every  healthy  person  in  dormitories,  and 
from  850  cubic  feet  and  upwards,  according  to  circumstances,  as  far  as  1200  cubic  feet,  for 
every  sick  person.  In  Dublin,  an  allowance  of  800  cubic  feet  is  reguired  in  the  registered 
lodgmg-houses.    The  London  School  Board  have  given,  in  a  general  scnoolroom,  10  square  feet 

fer  scholar,  and  in  graded  schools,  9  square  feet ;  the  height  was  ordered  to  be  13  feet— making 
30  and  117  cubic  feet  respectively.  This  seems  very  small.  The  Education  Department  of 
the  Privy  CouncU  endeavour  to  secure  at  least  80  cubic  feet  and  8  sauare  feet  for  each  unit  of 
average  attendance.  According  to  the  model  bve-laws  of  the  Local  Government  Board  300 
cubic  feet  are  allowed  for  each  person  above  10  years,  and  160  cubic  feet  for  each  person 
younger.  Other  customary  amounts  of  cubic  space  per  head  are — 1000  feet  in  middle  class 
houses,  500  in  good  secondary  schools,  and  212  in  one-roomed  houses. 
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of  air,  and  tlie  less  the  chances  of  draught.  Thus  a  apace  of  100  eubio 
feet  must  have  its  air  changed  thirty  times  in  an  honri  li  3000  cubic  feet 
of  ail'  are  to  be  given,  wliile  the  spiice  of  1000  uuhic  feet  neeil  only  have  it 
changed  three  times  in  an  hour  for  an  equal  ventilation. 

When  the  most  perfect  mechanical  means  are  employed,  the  air  of  even 
a  small  air  space  can  be  changed  sufficiently  often  without  draught.  Thus, 
in  Pettenkofer's  experimental  room  at  Munich,  the  air  space  is  424  cubic 
feeti  and  2640  cubic  feet  can  he  drawn  through  by  a  steam  engine  in  an 
hour  without  perceptiblt;  movement ;  in  other  wortla  the  change  is  six 
times  per  hoiu'  nearly.  With  tlie  best  mechanical  contrivances,  and  with 
di.sreganl  of  cost,  we  are  therefore  certain  that  a  cubic  si:>ace  of  600  feet 
would  be  sufficient,  and  there  is  every  probahibty  that  engineers  could 
Tentilate  even  a  smaller  space  without  perceptible  movement. 

But  if  the  mechanical  contrivances  ar*3  of  an  inferior  kind,  and  parti- 
cuhirly  if  natural  ventilation  is  used,  the  difficulties  of  ventilating  a  small 
space  are  consideraljle,  and  are  caused  not  so  much  by  the  rate  of  move- 
ment yf  the  greater  part  of  the  air  in  the  room,  as  by  the  rate  at  the 
opeidiigs  where  the  fresh  air  comes  in  very  quickly,  and  causes  cmrents  in 
the  room.  Suppose,  for  exomple,  a  space  of  500  cubic  feet  occupied  by- 
one  person,  who  has  to  he  supplied  with  3000  cubic  feet  in  an  lioiu' ;  if  the 
inlet  opening  be  12  square  inches,  the  rate  of  movement  through  it  would 
be  10  feet  per  second,  or  nearly  7  miles  per  hour ;  if  24  square  mches^  it 
would  1k3  5  feet,  or  about  3*4  mile^s  per  hour.^  In  either  case,  in  sur^h  a 
small  room,  the  air  could  not  be  properly  distril>iited  before  reaching  the 
per8c>n,  and  a  draught  ivould  be  felt.  If  instead  of  500  cubic  feet  of  space 
1000  be  given,  the  priziblem  is  easier,  for  the  small  current  of  fre^  air 
mixing  with  the  larger  volume  of  air  in  the  room  m  more  easily  broken  up, 
imd  the  inmate  being  further  frain  the  opening,  the  movement  is  less  felL 
The  question,  in  fact^  tinns  in  great  measure  on  the  power  of  introducing 
the  air  without  draught 

If  the  renewal  of  air  is  carried  on  by  what  is  tenned  natural  ventilation, 
under  the  ordinary  conditions  of  tliis  climate,  a  change  at  tlie  rate  of  six 
times  per  hour,  as  in  Pettenkofer's  room,  could  not  be  attempted.  Even 
five  times  per  hour  would  be  tr>o  much ;  for,  in  barracks  with  600  cubic 
feet  per  head,  the  rooms  are  cold  and  draughty  wdien  anything  approach- 
ing to  3000  cubic  feet  jx^r  head  per  hour  are  passing  through^  that  ia,  a 
change  of  five  times  per  hour  for  each  600  cubic  feet  of  air  s]>ace.  A 
change  equal  to  tliree  times  ]>er  hour  is  generally  all  that  can  be  borne 
under  the  conditions  of  warming  in  this  coimtry,  or  that  is  practically 
attainable  with  natural  ventilation,  and  if  this  be  correct,  from  lOOO  to 
1200  cubic  feet  should  be  the  minimum  allowance  for  the  initial  air  space. 

With  good  warnmig  and  an  equable  movement,  "which,  however,  are  not 
always  e^sy  to  get,  ^ero  might  be  larger  inlets,  and  therefore  more  easy 
distribution  and  a  smaller  air  space  to  begin  with.  If  the  inlets  are 
48  square  imdies,  tlie  rate  tlirough  them  to  supply  a  space  of  500  cubic 
feet  with  3000  cubic  feet  per  hour  would  he  only  2i  feet  per  secmid ;  and 
if,  OB  should  be  the  case  in  artificial  ventilation,  the  inlet  is  72  or  80  square 
inches  in  size,  the  rate  woidd  only  be  a  little  over  IJ^  feet  per  second, 
w^hich  would  be  imperceptible  even  at  the  orifice.     Bub  there  is  an  argu- 

1  For  1  BqQJire  foot  of  opening  lit  the  rate  of  1  foot  pur  uecond,  the  supply  vomld  Im 
3,600  cubic  feet  por  hour  ;  ii  th(»  rat«  be  10  f»x4  per  second,  the  suppl}''  would  do  ^,000  oablo 
ftiet^  ^  of  this  in  3000,  ii&d  A  ^^  ^  ^qujut)  foot  (144  Mquara  inchi^s)  la  12  ;  heace  12  square 
ini'hcMf  of  oiwtiiiig^  and  10  feet  per  secoml  of  velocity,  give  3000  cubic  feet  per  bour;  of 
course  the  kQjtiia  result  ia  cbtaioed  if  we  double  the  opeoiag,  mAkiog  it  24  aquaro  inobWp  and 
holvi]  the  velocity,  umklug  it  5  feet  imt  s«ootid. 
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meat  against  a  small  cubic  space,  even  with  good  mechanical  ventilation, 
viz.,  that  if  anything  arrests  the  mechanism  for  a  time,  the  ratio  of  im- 
pui-ity  fi'om  respiration  increase  much  fastc^r  in  a  email  than  in  a  large 
space.  ^ 

The  warmth  of  the  moving  air  influences  the  sensation  of  the  persons 
exposed  to  it  At  a  temperature  of  SS^'or  60",  a  rate  of  IJ  feet  per  second 
( =  1  mile  per  hour  nearly)  is  not  perceived ;  a  rate  of  2  to  2^  per  second 
(1*4  and  17  miles  j^er  hoiu')  is  imperceptible  to  some  persons  j  3  feet  per 
second  (2  miles  per  hour  nearly)  is  perceptible  to  most ;  a  rate  of  3 J  feet  is 
perceived  hj  all  persons ;  any  gi-eater  speed  than  this  will  give  the  sensa- 
tion of  draught,  especially  if  the  entering  air  be  of  a  diiferent  temperature, 
or  moist.  If  tlic  air  he  about  70*"  Fahr.,  a  rather  greater  velocity  is  not 
perceived,  while  if  it  be  still  higher  (80*"  to  90*  Fahn),  the  movement 
becomes  again  more  perceptible,  and  this  is  also  the  case  if  the  temperature 
be  below  40"*  Fahr.  If  the  air  could  be  warmed  to  a  certain  point  in  a  cold 
climate,  or  if  the  chmate  be  warm^  there  mixy  be  a  much  more  rapid  ciirreut, 
and  consefjnently  a  smaller  cubic  space  might  be  given.  The  subject  of 
ventQation  is  in  cold  climates  connected  inseparably  with  that  of  warming, 
for  it  is  impossible  to  have  efficient  ventilation  in  cold  weather  without 
warming  the  air* 

The  amount  of  cubic  space  thus  assigned  for  healthy  persons  ia  far  more 
than  most  people  are  able  to  have  ;  in  the  crowded  rooms  of  the  artizan 
class,  the  average  entire  space  would  probably  be  more  often  200  to  250 
cubic  feet  per  head  thsin  1000.  The  expense  of  the  larger  rooms  would,  it 
may  be  feared,  be  fat;d  to  tbe  clrnnce  of  such  an  ideal  standiinl  being 
generally  carried  out ;  but,  after  all,  the  question  is,  not  what  is  Hkely  to 
be  donr^H^  but  what  ought  to  he  done ;  and  it  is  an  encouraging  fact  that  hi 
most  things  in  this  world,  when  a  right  course  is  recognised,  it  is  somehow 
or  other  eventually  followed. 

So,  in  the  case  of  soldiers,  the  amount  of  authorised  regulation  space 
(600  cubic  feet)  is  below  the  standard  now  given,  but  still  the  space  is  as 
much  as  can  be  demanded  at  present,  as  it  has  l}een  found  very  difficulty 
without  incurring  greater  expense  than  the  country  would  bear,  to  give 
every  man  even  the  600  cubic  feet 

For  sick  i>ersons  the  cubic  space  should  be  more  than  for  healthy  persons. 
We  are  to  remember  that  tliere  are  other  impurities  l>esides  those  arising 
from  respiration  and  tmnspiration,  and  that  immediate  dilution  and  as 
speedy  removal  as  can  be  managed  are  essentiaL 

Very  much  the  same  considerations  apply  to  sick  as  to  healthy  men, 
except  that  the  allowance  of  air  in  all  cases  of  acute  diseases  must  be 
greater ;  and,  therefore,  especially  if  natui^il  ventilation  be  employed,  the 
cubic  space  has  to  be  enlarged  also,  to  insure  good  distribution  without 
draught,  for  surface  chilling  must  be  carefully  avoided. 


1  Kxp«riRieutAl  data  uii  luAny  of  these  points  Are  still  wanting.  In  ijrisonH,  with  coIIh  for 
sepAtute  eonlmement  tmd  artificiiU  veDtilatioo^  tbe  fLmoiint  of  space  is  siudoni  under  750  to  500 
cubic  ftM!t,  and  practically  thk  i«  found  to  be  too  sniolL 

In  PeiitooviUe  Pri?*ou,  on  Jobb's  system,  the  air  wna  hardly  evefr  changed  tbret  times  in  the 
liotir,  duriiitf  de  Chaumout'«  exiM?riment«,  although  the  cells  are  nearly  800  cubic  feet  in 
oapucity.  The  mean  supply  of  oir  per  hour  was  about  1056  cubic  feet.  In  Gos|»ort  military 
pr  '  '  an  Jebh*s  pnnciple  (but  not  jjerfectly  i^arried  ont),  the  mean  supply  was  about 
^  t,  but  ih*i  cells  ane  only  about  600  in  cai»Bcity.     In  Ahierahot  miliUry  prison 

0 <'n  principle)  with  cell:*  a!i*iit  (TOO  cubic  feet  in  aixo,  the  mean  supply  was  under 

WO.     Aiid  in  Chatham  couvict  pr'  tbe  cells  are  only  200,  the  mean  supply  waa 

sbout  4S0.    Wilson  {Handijook  of  ii  \  -eAr;  to  have  found  the  air  changed  in  tae  laiga 

I  at  Portsitiouth  convict  prison  u:m,m^  l^.m  runu;.^  in  the  houTp  and  in  the  amaU  abotit  four 
\\  thiii,  boweverj  is  curtaijdy  not  tbe  rule. 
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Admitting  that,  in  hospitals,  a  minimum  of  4000  cuhic  feet  of  fresh  air 
per  patient  per  hour  shuuld  be  sui>plied|  if  the  change  of  air  is  to  be  three 
times  per  hour,  tus  tlie  hest  available  rate  of  movement,  the  cubic  space 
must  he  alxmt  1300  Lubic  feet  A  consideration  of  another  kind  may  aid 
in  detennining  the  qucvstion  a**?  regnrdB  sick  men.  In  hospitals  a  certain 
amount  of  floor  space  is  indispensably  necessary ;  lirst  for  the  lateral 
separation  of  puLientn ;  seeondly,  for  convenience  of  attendance*  For  the 
first  object  J  tbe  great^^r  floor  apace  the  better;  aud  in  respect  of  the 
secoml,  8ir  H.  Acland  has  clearly  shown  that  tlie  minimnm  floor  space 
for  convenient  nui'siiig  shoidd  be  72  s<]uare  feet  per  bed.^  In  a  ward 
of  1 2  feet  in  height  this  would  give  only  864  cubic  feet,  which  is  much  too 
small 

Considering,  however,  the  immense  benefit  to  patients  of  pure  air,  and 
the  practical  exi>erience  of  hospital  physicians,  it  is  very  desirable  not  to  fix 
the  floor  and  cubic  space  of  hospital  wards  at  the  minimum  of  what  may 
sultiee.  The  desire  of  most  hospital  physicians  and  sm-geons  is  to  obtain 
for  their  patients,  if  they  can,  a  floor  space  of  100  to  120  square  feet,  and  a 
cubic  aimce  of  1500  to  2000  cubic  feet,  and  in  this  they  are  right. 

It  must  be  distinctly  understootl  that  a  minimmn  of  floor  space  must  be 
insisted  njion  in  all  cases,  not  less  than  y\r  of  the  cubic  spaee,^ 

A  notion  prevails  among  many  [»eople,  that  cubic  space  may  take  the 
place  of  change  of  uir,^so  that  if  a  larger  cubic  space  be  given,  a  certain 
amount  of  change  of  air  may  be  dispensed  ^vith,  or  less  fresh  air  be  required, 
Tliis  is  tpute  er  rem  cons ;  even  the  largest  space  can  only  provide  sufficient 
air  for  u  limited  time,  after  which  the  same  amount  of  fresli  air  must  be 
supplied  hourly,  whether  the  space  be  large  or  small  This  is  s}io'\\ii  by  tho 
tiible  on  jjage  184,  and  may  also  be  matliematically  demonstrated  by  the 
fonnula  given  below.^  Even  in  a  space  of  10,000  cubic  feet  per  head  the 
limit  of  admissible  ijn purity  would  be  reached  in  a  Httle  over  3  hours,  after 
which  the  same  hourly  supply  of  3000  feet  would  be  as  necessary  as  in  a 
s[iftce  of  100  feet> 

Cubic  Sjxice  refptired/or  Animals. — The  amount  of  space  for  animals  has 
not  been  very  carefully  examined.  If  we  followed  the  rule  for  men  and 
gave  one-third  of  the  quantity  of  air  siijiplied  per  hour,  this  would  give  for 
horses  and  cattle  from  3000  to  7000  cubic  feet  This,  however,  is  probably  not 
necessary,  because  chjuige  of  air  can  be  carried  on  more  freely  than  in  luiniiui 
habitations,  and  animals  cannot  close  ventilators  as  men  will  often  do.  A 
floor  space  of  100  t<:>  120  srpiare  feet  would  probably  bo  suificient,  giving  a 
space  of  1200  to  1800  cubic  feet,  according  to  the  height  of  the  building* 
If  this  could  be  secured  tliere  is  every  j>robability  tliat  tlie  results  would  be 
excellent  We  might  put  the  estimate  roughly  at  2  cubic  feet  of  space  for 
every  lb  avoir,  the  animal  weighs, — the  floor  sjiace  being  not  less  than  ^j  *>f 
the  cubic  capacity. 

It  was  originally  proposed  that,  in  new  stables,  each  horse  should  have 


t  Slee  Jiejwri  of  the  Committee  appointed  to  inquire  into  the  cubic  space  of  Metropolitim 
Wofkhoiisea,  1867,  p.  12. 
-  On  this  aubject  setj  further  in  chapter  on  Habitations, 

•^  p^^  yf  1-  c*  c  \  where  ^i=r»tia  of  respiratory  impurity  at  the  time  (4),  («)i  the  omouxii 

of  impurity  envolved  during  (A),  {d)  the  supply  of  fresh  air,  (f )  cxponenti&l  function,  vit, 

2718,  and  {c\  thi*  cajwcity  of  the  iiir  Hjuice.     Soon  nfter  the  first  hour  the  coc^lcient  t~  T 
prJictk'ivUy  vaui^^hes,  and  with  it  vanishes  also  thu  sinail  inflnetice  the  cuhic  space  exerciseA. 

<  For  further  rcuiArks  on  thU  point,  see  Lectures  on  Stale  Medicine;  abo  **  Hygiene***  in 
Sanitary  Htc^rd^  1874-75,  by  tie  Chaumout. 
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1605  cubic  feet,  and  100  square  feet  of  floor  space,^  At  present^  the  super- 
ficial area  of  army  stables  hus  been  fixed  as  follows ; — for  the  stall  alone, 
52  feet;  for  the  stall  and  share  of  passage,  91  feet.  F»  Smith  considers 
that  the  stall  alone  shonlil  be  70  feet,  and  tlie  stall  and  share  of  passage, 
100.  In  the  Army  Horse  Iiifirnianes  the  superficial  area  is  to  be  137 
square  feet,  or  200  with  share  of  passage ;  loose  boxes  204,  and  the  cubic 
space  1900  feet  per  horse. 

In  the  stables  of  cattle  there  is  often  excessive  overcrowding,  and  it  is 
well  known  that  there  is  a  vast  amount  of  disease  among  them,  which, 
however,  is  seldom  allowed  to  go  far,  as  they  are  sent  to  the  butcher.  Dr 
Ballard,  who  paid  great  rittention  t<j  tlie  cattle  plague  in  Islington,  recom- 
mended that  at  least  1000  cubic  feet  should  be  allowed  per  animui 

2.  Bource  of  the  Air  sapplied, — In  order  that  the  object  of  the  ventilation 

shall  not  be  defeatetl,  it  is  necessary  tliat  the  air  entering  a  room  shall  he 

pure.     The  air  must  be  the  pure  external  air,  and  not  be  derived  from 

L places  where  it  has  stagnated  and  taken  up  impurities  ;  if  it  is  diiiwn  along 

Lges  or  tubes,  and  tlirough  louvres    or    Ixaaements,   the^e    should    be 

f^pable  of  inspection  and  cleansing.     All  deMvering    air-shafts  should,   if 

possible*   l>e  short  and  easily  cleaned.     This  is    an    important    rule,   and 

should  lead  to  the  rejection  of  all  plans  in  which  the  air-shafts  are  long 

and  inaccessible.     Several  instances  have  occurred  of  air  being  distributed 

^m  by  costly  appliances,  but  drawn  from  an  impure  source,  or  sillowed  to  b© 

^H  contaminated  on  its  jmssage.     Instead  of  perforated  bricks,  there  should  be 

^B  sliding  fKinels,  or  hinged  flaps,  so  that  the  tube  may  be  easily  reached.     In 

^1  ttjwns  it  may  he  necessary  to  Ulter  tiio  air,  >vhich  is  often  loaded  with  the 

'       products  of  combustion  and  other  impurities. 

^^       3.   Wamiing  or  Cooling  of  the  A  ii\ — The  air  may  require  to  be  warmed 

^Kt<>  60*  or  C5*  Faiu*,,  or  cooled  according  to  the  season  or  locality.     The 

^■wtinning  in  cold  and  temperate  climates  is  a  mattex  of  necessity,  as,  if 

diacomforfc  is  caused  by  cold  draughts,  ventilation  openings  are  certain  to 

be  closed. 

4.  .^w^rt^^io«.— The  distribution  in  the  rooms  shotild  be  perfect,  that 
is,  there  should  be  uniform  diffusion  of  the  fresh  air  through  the  rooms. 
The  best  way  of  ascertaining  this  is  to  compare  the  amoimt  of  air  utilised, 
as  calculated  from  the  obscr^'ed  COg*  with  the  actual  movement  of  air,  as 
measured  with  the  airtmeter.  If  the  distribution  is  good,  the  two  quantities 
ought  not  to  diilbr  niaterialiy.  Much  difficulty  is  found  in  properly 
managing  uniform  dilibsion,    and  it  reqidrfs  careful  arrangement  of  the 

I  various  openings.  The  distributing  plans  should,  if  possible,  prevent  the 
cliance  of  breathed  air  being  rehreathedj  especially  in  hospitals.  As  the 
ascent  of  respired  air  is  rapid,  on  account  not  only  of  its  tcmj^erature,  but 
^rora  the  force  with  which  it  is  propelled  upwards,  the  pomt  of  discharge 
for  patients  in  bed  slinuld  he  alxfve. 
By  some  it  has  been  argued  that  it  is  bettcu"  that  the  foul  air  should  pass 
off  below  the  level  of  the  person,  so  that  the  products  of  respiration  may  be 
immediately  draw^n  dawn  below  the  mouth,  and  bo  replaced  by  descending 
jjiire  air.     But  the  resistance  to  he  overcome  in  dniwing  down  the  hot  air 

■l>f  respiration  is  so  great  that  there  is  a  considerable  waste  of  power,  and 
ILe  ubetacle  to  tlie  discharge  is  sonietiraes  sufficient,  if  the  extracting  force 
he  at  all  lessened,  to  reverse  the  movement^  and  the  fresh  air  forces  ita  way 


*£pori  t^  ik^  Barrack  and  Bospitat  Improvement  CommUnm  on  th«  VftitiiuHtm  qf 
.wv«>y  Stabksj  1806,  p.  10. 
>  F.  Smith,  Veterinarjf  B^gifnc 
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in  through  the  pipes  intended  for  discharge.  This  plan,  in  fact,  must  be 
considered  a  mistake.  In  the  case  of  vapours  or  gases  the  proper  place  of 
discharge  is  above;  but  heavy  powders,  arising  in  certain  arts  or  trades, 
which  from  their  weight  rapidly  fall,  are  best  drawn  out  from  below. 

Sub-Section  IL — Means  by  which  Air  is  set  in  Motion. 

These  are : — Ist,  the  forces  continually  acting  in  nature,  which  produce 
what  has  been  termed  natural  ventilation.  2nd,  The  forces  set  in  action  by 
man,  which  produce  the  so-called  artificial  ventilation. 

The  division  is  convenient,  but  not  strictly  logical,  as  the  forces  which 
act  in  natural  do  so  also  in  artificial  ventilation  to  a  certain  extent. 

Natural  Ventilation — General  Statements. 

Three  forces  act  in  natural  ventilation,  viz.,  diffusion,  winds,  and  the 
difference  in  weight  of  masses  of  air  of  unequal  temperature. 

1.    DIFFUSION. 

As  every  gas  diffuses  at  a  certain  rate,  viz.,  inversely  as  the  square  root 
of  its  density,  there  is  a  constant  escape  of  any  foreign  gas  into  the 
atmosphere  at  large.  From  every  room  that  is  not  air-tight  Pettenkofer 
and  Roscoe  have  shown  that  diffusion  occurs  through  brick  and  stone,  and 
Pettenkofer  believes  that  one  of  the  evils  of  a  newly  built  and  damp  house 
is  that  diffusion  cannot  occur  through  its  walls.  But  ordinary  plastered 
and  papered  walls  reduce  diffusion  to  a  most  insignificant  amount. 
Through  chinks  and  openings  produced  by  imperfect  carpentry  the  air 
diffuses  fast,  and  Roscoe  found  that  when  he  evolved  carbon  dioxide  in  a 
room  the  amount  had  decreased  one-half  from  that  cause  in  90  minutes. 

The  amount  of  purification  produced  by  diffusion  under  ordinary  circum- 
stances is  shown  by  observation  to  be  insufficient ;  and,  in  addition,  organic 
substances,  which  are  not  gaseous,  but  molecular,  are  not  affected  by  it 
As  a  general  ventilating  power,  it  is  therefore  inadequate. 

2.    THE  action  of  THE  WINDS. 

The  wind  acts  as  a  powerful  ventilating  agent,  and  in  various  ways.  If 
it  can  pass  freely  through  a  room,  with  open  doors  and  windows,  the  effect 
it  produces  is  immense.  For  example,  air  moving  only  at  the  rate  of  2 
miles  an  hour  (which  is  almost  imperceptible),  and  allowed  to  pass  freely 
through  a  room  20  feet  broad,  will  change  the  air  of  the  room  528  times  in 
one  hour.  No  such  powerful  action  as  this  can  be  obtained  in  any  other 
way. 

The  wind  will  pass  through  walls  of  wood  (single-cased),  and  even  of 
porous  bricks  or  stone ;  and  perhaps  this  will  account  for  the  fact  that  such 
houses,  though  cold,  are  healthy  habitations.  By  covering  a  brick  with 
wax,  or  inclosing  a  portion  of  a  brick  wall  in  an  air-tight  box,  Pettenkofer 
has  shown  that  the  force  of  the  breath  will  drive  air  through  the  brick,  and 
%vill  blow  out  a  candle  on  the  other  side  if  the  current  of  air  be  collected  in 
a  small  channel.  The  force  required  to  drive  the  air  through  is,  however, 
really  considerable,  as  the  air  in  the  brick  must  be  brought  into  a  state  of 
tension. 

Marcker^  has  given  the  following  as  the  amount  of  air  passing  in  one 

1  Untersuch,  mber  not,  und  kUnsUiche  Ventilation,  Gottingen,  1871. 
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hour  through  a  square  metre  of  wall  space,  when  the  difference  of  tempera- 
ture is  1°  C. : — Sandstone,  1-69;  limestone,  2*32;  brick,  2*83;  tufaceous 
limestone,  3*64;  and  loamy  brick,  5-12  cubic  metres  of  air.  The  little 
porosity  of  sandstone  depends  on  the  amount  of  moisture  it  holds.  The 
moisture,  in  fact,  greatly  influences  the  transit.  Plaster,  however,  appears 
to  arrest  wind,  if  it  be  true,  as  stated,  that  in  the  interior  of  some  thick 
walls,  after  many  years,  lime  has  been  found  still  caustic;  and  Marcker 
also  notices  the  obstructive  effects  of  mortar. 

There  are  two  objections  to  winds  as  ventilating  agents  by  perflation. 

(1)  The  air  may  be  stagnant.  In  this  country,  and,  indeed,  in  most 
countries,  even  comparative  quiescence  of  the  air  for  more  than  a  few  hours 
is  scarcely  known.  Air  is  called  "  still "  when  it  is  really  moving  at  1  or  1 J 
miles  an  hour.  The  average  annual  movement  of  the  air  in  this  country  is 
from  6  to  12  miles  per  hour ;  but  it  varies,  of  course,  greatly  from  day  to 
day,  and  in  different  places.  The  mean  movement  at  Netley  (average  of 
13  years)  is  about  10 J  miles  per  hour;  at  Aldershot  it  is  12^  miles  per  hour 
(mean  of  5  years). 

(2)  A  much  more  serious  evil  is  the  uncertainty  of  the  movement  and  the 
difficulty  of  regulation.  When  the  velocity  reaches  5  or  6  feet  per  second, 
imless  the  air  be  warm,  no  one  will  bear  it.  The  wind  is  therefore  excluded, 
or,  if  allowed  to  enter  directly  through  small  openings,  is  badly  distributed. 
Passing  in  with  a  great  velocity,  it  forces  its  way  like  a  foreign  body  through 
the  air  in  the  room,  causing  draughts,  and  escaping,  it  may  be,  by  some 
opening  without  proper  mixing.  A  current  entering  in  this  way  may  be 
measured  for  many  feet. 

But  the  wind  acts  in  another  way.  A  moving  body  of  air  sets  in  motion 
all  air  in  its  vicinity.  It  drives  air  before  it,  and,  at  the  same  time,  causes 
a  partial  vacuum  on  either  side  of  its  own  path,  towards  which  all  the  air 
in  the  vicinity  flows  at  angles  more  or  less  approaching  right  angles.  In 
this  way  a  small  current  moving  at  a  high  velocity  will  set  in  motion  a 
large  body  of  air. 

The  wind,  therefore,  blowing  over  the  tops  of  chimneys,  causes  a  current 
at  right  angles  to  itself  up  the  chimney,  and  the  unequal  draught  in  furnaces 
is  owing,  in  part,  to  the  variation  in  the  velocity  of  the  wind.  Advantage, 
therefore,  can  be  taken  of  this  aspirating  power  of  the  wind  to  cause  a 
movement  of  air  up  a  tube.  The  wind,  however,  may  impede  ventOation 
by  obstructing  the  exit  of  air  from  any  particular  opening,  or  by  blowing 
down  a  chimney  or  tube.  This  is,  in  fact,  one  reason  of  the  failure  of  so 
many  systems  of  ventilation;  they  may  work  well  in  a  still  atmosphere, 
but  the  immense  resistance  of  the  ^vind  has  not  been  taken  into  account.^ 

In  some  systems  of  ventilation  the  perflating  power  of  the  wind  has  been 
used  as  the  chief  motive  agent.  In  Egypt  the  wind  is  allowed  to  blow  in  at 
the  top  of  the  house  through  large  funnels.  This  plan  has  been  in  use 
from  time  immemorial  This  was  the  case  in  Mr  Sylvestcr*s  plan,  which 
was  used  at  Derby  and  Leicester  fifty  or  sixty  years  ago. 

Mr  Ritchie  2  has  suggested  a  plan  for  the  ventilation  of  a  dwelling- 
house.  The  air  is  warmed  in  winter  to  about  70°  Fahr. ;  every  room  has  a 
longitudinal  opening  over  each  door,  concealed  by  the  architrave,  and 
regulated  by  valves,  and  through  this  the  warm  air  from  the  staircase 
enters  the  rooms,  and  then  passes  up  the  chimney,  and  up  outlet  air-flues 

1  At  3  miles  an  hour,  the  pressure  of  the  wind  is  |  of  an  ounce  on  each  square  foot 'it  is  1 
ounce  at  3^  miles  ;  2  ounces  at  5  miles  ;  4  ounces  at  7  mUes  ;  J  lb  at  10  miles ;  and  1  lb  at  14 
miles.     At  Netley  the  average  pressure  is  a  little  over  i  lb  per  square  foot 

2  Treatise  on  Ventilation,  by  Robert  Ritchie,  C.E.,  1862,  p.  89. 
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placed  in  the  walls,  commencing  at  the  ceiling,  and  ending  at  the  wall-heads 
under  the  roof. 

Dr  Amott  ventilated  the  Field  Lane  Eagged  School  on  this  principle 
with  excellent  effect.     In  that  case,  as  in  all  others,  the  movement  was  also 
in  part  carried  on  by  the  third  cause  of  motion  in  air,  viz.,  the 
effect  of  imequal  density  of  masses  of  air. 

In  the  ventilation  of  ships  the  wind  is  constantly  used ;  and 
by  wind-sails,  and  tubes  with  cowls  turning  towards  the  wind, 
air  is  driven  between  the  decks  and  into  the  hold. 

In  using  the  wind  in  this  way,  the  difl&culty  is  to  distribute 
the  air  so  that  it  shall  not  cause  draughts.  This  is  best  done 
by  bending  the  tubes  at  right  angles  two  or  three  times,  so  as 
to  lessen  the  velocity,  by  enlarging  the  channel  towards  the 
opening  in  the  interior  of  the  vessel,  and  by  placing  valves  to 
partially  close  the  tubes,  if  necessary,  and  by  screens  of  wire 
gauze.  ^ 

In  all  cases  in  which  the  air  of  a  room,  as  in  a  basement  story, 

or  in  the  hold  of  a  ship,  perhaps,  is  likely  to  be  colder  than  the 

p.    25        external  air,  and  when  artificial  means  of  ventilation  cannot  be 

Dia^m  of     employed,  the  wind  should  be  taken  advantage  of  as  a  motive 

Fixed     Upcast  agent. 

Cowl.  rpj^^  aspiratory  power  of  the  wind  can  be  secured  by  cover- 

ing air-shafts  with  cowls  (fig.  25),  which  aid  up-currents  and  prevent 
down-draughts.  This  is  practically  the  plan  on  which  all  the  varieties 
of  upcast  ventilators  are  constructed,  however  varied  may  be  their  external 
appearance. 

3.    M0VKMBNT8   PRODUCED   BY   UNEQUAL  WEIGHTS   OF   AIR. 

The  wind  itself  is  caused  by  this  power ;  but  it  is  necessary,  in  discussing 
ventilation,  to  look  upon  this  as  if  it  were  an  independent  force.  If  the 
air  in  a  room  be  heated  by  fire,  or  the  presence  of  men  or  animals,  or  be 
made  moister,  it  endeavours  to  expand ;  and  if  there  be  any  means  for  it  to 
escape,  a  portion  of  it  will  do  so,  and  that  which  remains  will  be  lighter 
than  an  equal  bulk  of  the  colder  air  outside.  The  outer  air  will  then  rush 
into  the  room  by  every  orifice,  until  the  equality  of  weight  outside  and 
inside  is  re-established.  But  as  the  fresh  air  which  comes  in  is  in  its  turn 
heated,  the  movement  is  kept  up  in  a  constant  stream,  cold  air  entering  by 
one  set  of  orifices,  and  hot  air  escaping  by  another. 

We  have  now  to  inquire  how  the  rate  of  this  constant  stream  of  air  may 
be  calculated.^  The  mode  most  generally  used  is  based  on  two  well-known 
laws  : — first,  that  the  velocity  in  feet  per  second  of  falling  bodies  is  equal  to 
(nearly)  8  times  the  square  root  of  the  height  through  which  they  have 
fallen ;  and,  second,  that  fluids  pass  through  an  orifice  in  a  partition  with  a 
velocity  equal  to  that  which  a  body  would  attain  in  falling  through  a 

1  As  the  use  of  perforated  zinc  plates  and  of  wire-gauze  is  very  common  in  ventilation,  it  is 
necessary  to  bear  in  mind  that  these  screens  very  soon  get  clogged  with  dirt.  In  all  cases  they 
should  be  so  arranged  as  to  be  easily  inspected  and  cleaned ;  and  it  should  be  a  matter  of 
routine  duty  to  see  that  they  are  constantly  kept  clean.  It  should  also  be  understood  that  the 
delay  by  friction  through  the  fine  wire-gauze  is  exceedingly  great. 

3  Many  of  these  points  are  given  in  Hood's  Treatise  on  Warming  and  Ventilation^  and  in 
Wolpert  {Principien  der  Vent,  und  Lvftheizung)^  and  are  also  discussed  in  Peclet  ( Trailt  de 
la  Chaleur^  8rd  edit.)  and  by  General  Morin  {Biudes  swr  la  Ventilation,  Paris,  1863,  t  11), 
to  which  reference  is  made  for  those  who  wish  to  enter  into  the  mathematical  part  of  the 
inquiry. 
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aeiglit  equal  to  tlic  differ eace  in  depth  of  the  fluid  on  the  two  sides  of  the 
partition.^  The  pressure  of  air  upon  uny  surface  may  be  represented  1)y 
the  weight  of  a  column  of  aii'  of  uniform  density  of  a  certain  height  Tlius 
the  pressure  of  the  iitnn»s]>liere  at  the  surface  of  the  earth  is  nearly  15  ft> 
on  the  square  inch,  and  this  would  he  the  weight  of  a  column  of  air  of  ahiiut 
5  miles  in  height  Air,  therefore,  rushes  into  a  vacuum  with  a  velocity 
equal  to  that  which  a  heavy  body  would  acquire  in  falling  from  a  heiglit  of 
5  miJes,  viz.,  1304  feet  per  secontL  But  if,  instead  of  rushing  into  a  vacuum, 
it  nish  into  a  chamber  in  which  the  air  has  less  pressure  than  outside,  it** 
velocity  will  he  that  due  to  a  height  which  repn:iscnt«  the  difference  of 
pressure  out*3ide  and  inside*  In  ordinary  cases  this  difference  of  pressure 
cannot  be  obtained  by  direct  observation,  but  must  be  inferred  from  the 
difference  of  temperature  of  the  outer  and  inner  air.  Air  is  dilated  one  part 
in  491  of  its  volume  for  every  degree  of  Fidirenheit  (or  1  in  273  for  every 
degree  of  centigrade)  tliat  its  temj^emture  is  raised,  consequently  the  differ- 
ence of  jiressure  outside  and  inside  will  be  as  follows : — 

The  lit'ight  from  the  aperture  at  which  air  enters  to  that  from  which  it 
escapes,  multiplied  by  the  difference  of  temperature  between  outside  and 
inside,  and  divided  by  491. 

Example. — If  the  height  be  20  feet,  and  the  difference  of  temperature  15  de- 

20  X  15 
grees,  we  have  the  height  to  produce  velocity  of  inflowing  current  =  ^       —  = 

491 

0-61  of  a  foot,  and  the  velocity  =  8  ^'Ol  =  8  x  781  -  6*248.     This,  however, 

is  the  theoretical  velocity.     In  practice  an  allowance  must  be  made  for 

friction  of  ^th,  ^d^  or  even  i,  according  to  circmnstanceii.     The  deduction 

of  ^th  woubl  leave  4*686  linear  feet  per  second  as  the  actual  velocity.     If 

this  be  multiplied  hy  the  area  of  the  opening,  in  feet,  or  decimals  of  a  foot/' 

the  amomit  of  air  is  expressed  in  cubic  feet  per  second,  and  multiplying  by 

60  will  give  the  amoimt  per  minute, 

A  table  is  given  on  page  218  in  which  this  calculation  baa  been  made  for 
all  probable  tem|>pratures  and  heights ;  but  it  must  be  remembered  that  the 
movemr'nt  is  greatly  influenced  by  the  wmd. 

This  cause  of  movement  is,  of  course,  constantly  aeting  when  the  tempera- 
ture of  the  ail'  changes.  It  will  alone  suffice  to  ventilate  all  roctras  in  w^hich 
the  air  is  hotti^r  than  the  external  airj  but  will  not  answer  when  the  air  to 
be  changed  is  equal  in  temperature  to,  or  colder  than,  the  external  air. 

As  its  action  is  equable,  imperceptible,  and  continuous,  it  is  the  most 
uscfid  agency  in  natural  ventilation  in  cold  climates,  in  inliabited  and  warm 
rooms  J  and  in  idi  habitations  aiTangements  should  be  made  to  allow  it  to 
act.  As  tlie  action  increases  with  the  difference  of  temperature,  it  is  most 
powerful  in  winter,  when  rooms  are  artificially  wanned,  and  is  least  so,  or 
in  quite  arrested  in  summer,  or  in  hot  climates,  when  the  internal  and 
external  temperatures  are  identical. 

4.    LOSSES   PEODtJCED  BY  FRICTION  FBOM  VAEI0U8  CAUSES. 

This  aspect  of  the  question  has  hardly  received  the  attention  it  deserves, 

1  This  is  firnqacntly  odled  the  nUe  of  Montgollier.  The  fomialft  is  »= V^H  J  9  being 
the  at:celeratiaa  of  vdocity  in  each  ftecond  of  timti^  m.,  3218  feet,  And  H  tbo  height  of  the 
descent. 

*-*  It  will  l*e  found  Always  eaner  to  take  the  area  In  decimals  of  a  foi>t  iitsteftd  ©f  inehcc ;  hnt 
if  it  he  t«k«D  in  inches,  multiply  the  linear  diachATge  in  fflet  by  the  number  of  ai^aare  inches, 
and  divide  by  Hi. 
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and  its  neglect  is  apt  to  lead  to  failure  and  disappointment.     The  chief 
causes  of  loss  are  the  following : — 

1.  Length  of  Tube  or  Shaft, — Here  with  equal  sectional  areas  the  loss  is 
directly  as  the  length,  so  that  if  we  take  a  shaft  of  30  feet  as  a  standard,  a 
shaft  of  40  feet  long  would  have  an  increased  friction  of  one-third. 

2.  Size  of  Opening, — For  similar  sections  the  friction  is  inversely  as  the 
diameter.  Thus  for  2  openings,  respectively  1  and  2  feet  in  diameter, 
the  friction  at  the  smaller  opening  .will  be  twice  that  of  the  larger.  In  this 
way  dividing  up  an  opening  into  a  nimiber  of  smaller  openings,  the  aggre- 
gate of  which  is  equal  to  the  original  opening,  produces  a  loss  by  friction  in 
the  direct  ratio  of  the  diameters.  An  opening  of  1  square  foot  divided  into 
4  openings  of  J  of  a  square  foot  loses  in  the  ratio  of  1  :  ^,  being  respectively 
the  diameters  of  the  openings.  When  the  shapes  of  the  openings  are  not 
similar,  the  ratio  may  be  stated  as  that  of  the  square  roots  of  the  areas. 
Thus  1  square  foot  divided  into  9  openings,  each  equal  to  ^  of  a  square 
foot,  will  lose  in  the  ratio  of  1 :  J,  the  square  roots  of  the  respective  areas.  ^ 

3.  Shape  of  Opening, — A  circular  opening  may  be  taken  as  the  standard, 
that  being  the  figure  which  includes  the  greatest  area  within  the  smallest 
periphery.  The  loss  sustained  from  any  other  shape  being  used  will  be 
proportionate  to  its  difference  from  a  circle  enclosing  a  similar  area. 
Thus,  if  we  have  2  openings,  each  of  1  square  foot  area,  the  one  being 
a  circle  and  the  other  a  square,  the  length  of  periphery  of  the  latter 
will  be  4  feet,  of  the  former  3^;  therefore  the  velocity  of  the  current 
through  the  square  opening  will  be  ^  or  |^  of  that  through  the  circular 
opening.* 

4.  Angles  in  the  Tube  or  Shaft. — This  is  a  most  serious  cause  of  loss. 
The  exact  formula  has  not  been  distinctly  determined,  but  it  may  be 
accepted,  as  in  accordance  with  experiment,  that  every  right  angle 
diminishes  the  current  by  one-half,  so  that  two  right  angles  in  a  tube 
would  reduce  it  to  J,  and  so  on.^  Yet  it  is  no  uncommon  thing  to  find 
tubes  and  shafts  bent  recklessly  at  numerous  angles  to  fit  a  cornice  or 
architrave,  to  save  expense  and  appearance. 

5.  The  presence  of  dust^  soot,  or  dirt  of  any  kind  seriously  interferes  with 
the  current,  but  this  may  of  course  be  obviated  mth  a  moderate  amount  of 
care  and  attention. 

It  is  obvious  that  attention  to  the  above  points  is  necessary  to  obtain 
success  in  any  scheme  of  ventilation.  To  take  an  example  : — let  us  suppose 
a  straight  shaft  30  feet  long,  sectional  area  circular,  of  1  square  foot, — the 
current  through  this  giving  a  sufficient  amount  of  air  for  tlie  purpose  re- 
quired. Let  it  be  necessary  to  produce  a  similar  amount  of  ventilation  in 
another  place,  but  to  use  smaller  shafts,  square  in  section,  area  of  each  \  of 
a  square  foot, — each  shaft  being  40  feet  long,  and  having  one  right  angle 
in  its  course ;  what  would  be  the  relative  amounts  of  air  available,  other 
things  being  equal?  Taking  the  circular  shaft,  we  have  length  of  shaft 
30,  length  of  periphery  3^,  multiplying  together  we  have  105  =  friction. 
In  the  four  smaller  shafts  we  have  length  40,  length  of  periphery  of  each 
2,  which  multiplied  by  4  =  8,  then  40  x  8  =  320,  the  right  angle  doubles 

1  See  Greneral  Morin's  observations. 

2  For  a  table  of  friction  due  to  form  of  sectional  area,  see  "  Hygiene,"  in  Sanitary  Record^ 
1875,  by  F.  de  Chaumont,  F.RS. 

'  The  fonnula    -    .  — -  expresses  the  condition  approximately  between  0*  and  90*:  but 
1+sm^ 

-    Q^    is  of  more  general  application,  including  any  angle  between  0'  and  180*.    In  either 
case  90"  shows  a  loss  of  cne-haJf, 
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the  friction,  so  that  320x2  =  640  compared  with  105.  Thus  the  result 
would  be  more  than  6  to  1  in  favour  of  the  single  shaft.  It  would  be 
obviously  necessary  to  increase  the  number  of  the  smaller  shafts  or  the 
size  of  each  of  them  at  least  six  times. 

It  is  advisable  generally  to  widen  slightly  the  openings  of  shafts, 
especially  if  they  are  of  small  diameter,  as  the  current  tends  to  be  con- 
tracted and  obstructed  at  that  point.  At  every  change  of  direction  the 
same  thing  takes  place.  Hence  the  desirability  of  rounding  off  angles  as 
much  as  possible,  where  they  cannot  be  altogether  avoided.^ 

It  is  generally  best  to  have  the  sections  of  shafts  circular  or  elliptical 
instead  of  rectangular,  for  not  only  is  there  less  loss  by  friction  originally, 
but  there  is  also  less  chance  of  lodgment  of  dust,  &c.,  and  they  can  be  more 
easily  and  thoroughly  cleaned. 


5.    PRACTICAL  APPLICATION   OP  THE   GBNBRAL   STATEMENTS   OF   NATURAI. 

VENTILATION.^ 

1.  No  particular  arrangements  are  necessary  to  allow  diffusion  to  act, 
except  that  there  shall  be  communication  between  the  two  atmospheres. 

2.  To  obtain  the  perflation  of  the  wind,  windows  should  be  placed,  in  all 
cases  where  it  can  be  managed,  at  opposite  sides  of  a  room.  The  windows 
should  open  at  the  top,  and  in  case  the  wind  has  a  high  velocity,  means 
should  be  taken  to  distribute  it.  This  can  be  done  by  sloping  the  window 
inwards  when  it  opens,  or  a  board  may  be  placed  obliquely  upwards  from 
the  top  sash  of  the  window,  when  it  opens  in  the  usual  way ;  then  the  air 
striking  against  the  board  is  thrown  up  towards  the  ceiling.  Or,  w^e- 
gauze  may  cover  the  space  left  when  the  window  is  open.  The  velocity  of 
the  wind  is  checked  by  the  gauze,  and  the  current  is  minutely  divided. 
The  gauze,  however,  must  be  kept  clean. 

Various  plans  have  been  proposed  by  different  persons.  The  window 
sashes  may  be  made  double,  spaces  being  left  at  the  bottom  of  the  outside 
sash  and  at  the  top  of  the  inner  one,  so  that  the  wind  is  obliged  to  pass  up 
between  the  two  before  it  enters  the  room.  Or,  the  lower  sash  being  raised, 
and  a  piece  of  wood  placed  below  it,  the  air  is  allowed  to  pass  through  the 
space  left  between  the  upper  and  lower  sashes  (Hinckes  Bird).  Or,  glass 
louvres,  which  can  be  more  or  less  closed,  are  placed  in  one  of  the  panes  of 
the  window ;  or  a  number  of  holes  are  obliquely  bored  through  the  panes, 
through  which  the  air  may  pass  up  towards  the  ceiling  before  it  intermixes 
with  the  air  of  the  room.  In  Lockhead's  ventilator  there  is  a  frame  over  the 
glass  louvre,  with  a  regulator  in  the  centre.  In  Cooper's  ventilator  a  mov- 
able plate  of  glass  can  be  brought  by  a  handle  over  the  opening. 

Stallard  proposed  to  ventilate  workshops  and  factories  by  having  a  double 
ceiling ;  the  lower  ceiling  to  be  made  of  zinc  or  oiled  paper,  perforated  Mrith 
very  nimierous  small  holes ;  and  the  space  between  the  two  ceilings  to  be 
freely  open  to  the  air  on  all  sides ;  thus  there  would  be  almost  open-air 
breathing,  as  the  communication  with  the  external  air  would  be  constant 
and  at  all  parts  of  the  room. 

1  On  this  question  see  Wolpert,  Tfiearie  u.  Praxis  der  Ventilation  u,  Ueizang  (1879), 
J).  210  et  seq, 

^  A  very  good  account  of  the  yarious  plans  in  natural  ventilation  will  be  found  in  Mr 
Edward's  work,  On  the  Ventilation  of  Jhoeuing-Houses,  1868,  in  which  figures  of  the  plans  are 
given  ;  see  also  Eassie,  *'  Dictionary  of  Sanitaiy  Appliances,"  Sanitary  Record^  1880-^2 ;  Owr 
Homes,  Cassell  &  Co.,  1883 ;  Healthy  Dwellings,  by  D.  Galton,  1880,  Clarendon  Press. 
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Besides  windows,  specisil  openings  may  be  |iro\rided  for  the  wind  to  blow 
througli,  as  in  the  plans  already  referred  to  of  Mr  Sylvester  and  Dr  Arnott. 

In  all  warm  chmates,  where  no  chill  can  he  prodnced  by  wind,  it  is  a 
good  plaii  Uy  make  the  walls  entirely  pervious,  Is^o thing  can  be  better  than 
the  ventilation  of  tlie  bamboo  matted  heuse^  in  Burmah.  The  wind  blows 
through  theni^  but  it  is  so  broken  up  into  onrrents  that  it  is  not  in  tlie  least 
impleaiiant.  Even  in  colder  parts  of  India,  the  upper  parts  of  the  walJa 
ndght  be  made  thus  pemousj  provision  being  made  to  eover  them,  if 
neeessar}",  in  the  cold  season. 

Cowk  have  been  a  good  deal  recommended  as  aids  to  ventilation,  but 
the  lal>otira  of  the  Committee  of  the  Sanitary  Institute  of  Great  Britain 
have  shown  that  the  majority  of  thtmi  have  no  superiority  over  the  open 
tulje.     Tlie  only  form  which  seemed  fairly  good  was  the  common 
hhster-hacked  cowL     For  general  nse^  however,  this  would  require 
to  revolve^  and  this  is  objectionable,  as  all  revolving  arrangements 
are  Hable  to  get  out  of  order.     A  fixed  cowl,  consisting  merely 
of  a  cone  as  a  cap  and  a  similar  flange   round  the   rim  of  tlje 
pipe,  ensures  a  fairly  constant  up-draught  (lig.  25).     A  reversed 
arrangement  (fig.  26)  ensures  a  eonst^int  down-draught.     All  apim- 
ratus  of  this  kind  (as  already  mentioned)  are  based  upon  thoBo 
two  principles,  however  varied  their  externa]  appearance  may  be. 
Another  plan  for  utilising  the  action    of  tlie  wind   is  by  the 
use  of   **  EUison's  conical  bricks,"  wliich  are  pierced  with  conical 
holes,  about   ^  of  an  inch  in  diameter   externally  and  1^  in. 
Fig.  26.     internally,  depth  41  in.      The  wind  blowing  on  them  is  so  dis- 
Dittgnimof  fl  tributed  aa  to  he  imperceptible  as  a  drauglit  in  the  room. 
SVubJir        ^'    The  movement    prixluced    by    the    ditferenee    of    weight 
^r  '7"ti     ^^  unequally    heated    bodies    of    air    >vill,    of    course,    go    on 
wndihvoricd  tlirougli    all    the    contrivances   just    mentioned.       But    as    in 
conicjii  cup,  ^^jjj^    climates    windows    and    diH>ra    must  s(.mietime^s   be    shut, 
no  room  of  any  kind  shoidd  be  withont  additional  openings,  which  may 
permit   this   movement   from   nnequal   temperature  to  go  on.     The  great 
diliiculty  here   is  to  exclude  the  action  of  the  wmd :   and,  in  fact,  it  is 
imposBible  to  do  so;  but^  as  far  as  possible,  the  openings  should  Ikj  protected 
from  the  jierflatinf^  infliieneo  of  the  wind,  so  that  only  its  aspirating  force 
sliotdd  he  acting.     They  should  lie  capable  of  being  lessened  in  sizCy  when 
tlie  diM'erencp  of  the  extennd  and  internal  temperatures  is  gre-at.     As  long  as 
there  are  openings,  movement  wdl  go  on  ;  and  it  docs  not  really  matter,  as 
long  as  there  is  proper  distribution,  where  the  air  comes  in  or  goes  out,  or 
whether  its  direction  is  constant  or  not.     In  fiict,  it  scarcely  ever  is  con- 
stant, so  liable  is  the  direction  to  be  altered  by  winds,  by  the  action  of  the 
sun  heating  one  side  of  a  room,  by  the  unequal  distribution  of  heat  in 
the  rtKim,  (fee.     Still  it  seems  dcsinible,  as  far  as  it  can  be  done,  to  make  such 
arrangements  as  shall  give  the  movement  of  air  a  certain  direction  ;  and 
therefore   in   most  systems  some  of  the   openings    are    intended  for  the 
admission  of  fresh  air,  and  are  called  inlet  or  entrance  openings ;  others 
are  intended  for  the  discharge  of  impinge  air,  tind  are  termed  outlet  or  exit 
openings. 

Total  t^ize  of  all  tfte  special  openinffg^  whether  intend^  for  Inlete  or  Outlets, 
— As  the  movement  of  air  increases  with  temperature,  the  size  of  the 
apertures  can  oidy  be  fixed  for  a  certain  given  temperature ;  and  as  the 
edlux  of  hot  air  increases  with  the  height  of  the  column  {supi>osing  the 
temperature  is  equal  throughout),  a  ililTerent  size  has  abo  to  he  fixetl  for 
different  heights. 
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This  causes  a  difficulty  in  fixing  the  proper  size  for  ventilating  openings 
in  the  case  of  natural  ventilation,  as  the  conditions  are  so  variable.  The 
theoretical  size  for  any  required  change  of  air,  supposing  the  conditions 
were  constant,  may  be  obtained  from  the  table  at  p.  218,  which  is  calculated 
from  Montgolfier's  formula,  with  a  deduction  of  ^th  for  friction. 

Thus,  say  that  the  height  of  the  heated  column  is  20  feet,  and  the 
diflference  of  temperature  between  the  air  in  the  room  and  that  outside  is 
20*  F.,  the  linear  rate  of  discharge  as  stated  by  the  table  (allowance  being 
made  for  friction)  is  322  feet  per  minute,  or  19,320  feet  per  hour.  If  the 
opening  were  1  square  foot  this  would  give  19,320  cubic  feet  per  hour.  But 
if  3000  cubic  feet  per  hour  are  wanted  for  one  person,  the  orifice  of  1  square 
foot,  or  144  square  inches,  is  too  large,  and  must  be  lessened  in  the  propor- 
tion of  3000  to  19,320  — t-^-q^w; —  =22  square  inches   (round  nimibers), 

i.e.y  reduced  to  22  square  inches.  There  must  be  a  corresponding  space 
for  entry,  making  the  total  ventilating  opening  44  square  inches. 

To  take  another  example ;  let  us  say  the  heated  column  is  15  feet,  the 
difference  of  temperature  10"  F.,  and  the  required  supply  for  one  person  2000 
cubic  feet.  The  table  gives  the  linear  rate  as  197  feet  per  minute,  or  11,820 
per  hour;  an  orifice  of  144  square  inches  would  then  give  11,820,  and  an 

orifice   of  24   square  inches   would  give  2000  ( — ii  gon     =24).      But 

if  in  the  above  conditions  3000  cubic  feet  hourly  supply  were  wanted,  the 
opening  must  be  36  square  inches.  These  examples  show  how  impossible 
it  is  to  fix  any  size  which  shall  meet  all  conditions,  even  if  the  influence  of 
wind  could  be  completely  excluded,  which  is  impossible.  The  only  way  is 
to  adopt  a  size  which  will  meet  most  cases  and  supply  means  of  altering 
the  size  according  to  circumstances.  In  this  country,  a  size  of  24  square 
inches  per  head  for  inlet,  and  the  same  for  outlet,  seems  calculated  to  meet 
common  conditions ;  but  arrangements  should  be  made  for  enabling  this  to 
be  lessened  or  closed  in  very  cold  weather,  or  if  the  influence  of  strong 
winds  is  too  much  felt.^  Moreover,  the  size  must  be  in  part  dependent  on 
the  size   of  the  room,  because  in  a  small  room  with  many  people  it  is 

1  The  following  formula,  proposed  by  de  Chaomont,  can  be  used  instead  of  the  table  on  p. 
218.  It  is  based  on  Montgolfier's  formula,  with  the  discharge  calculated  for  the  hour  and  for 
square  inches,  instead  of  for  the  minute  and  the  linear  discharge,  as  in  the  table. 

Let  h  be  the  height  of  the  heated  column  of  air  ;  t  its  temperature  ;  t^  the  temperature  of 
the  external  air  :  0*002  the  ratio  of  expansion  of  air  for  each  de^^ree  of  Fahr. ;  100  a  constant  ; 
and  /  the  co-efficient  of  friction.  Let  D  be  the  delivery  required  per  hour,  and  ^  the  total 
inlet  and  outlet  area  in  square  inches.    Then  to  find  ^ : 


lOO/iVKt  -  n  X  6-002)'"** 

Example :  Suppose,  as  in  the  text,  that  the  heated  column  be  20  feet,  its  mean  temperature 
65',  and  that  of  the  outer  air  45',  and  the  required  delivery  be  3000  cubic  feet  per  hour  ;  let/ 
also  equal  |  or  075. 

8000 

100  X  075(v20(d5'~45"')l<0"-002)^"**'* 

square  inches  for  inlet  and  outlet,  or  22*2  for  inlet  alone. 

A  converse  formula  by  de  Chanmont  may  be  also  useful.    If  the  area  of  the  inlet  opening 
(^)  is  known,  to  find  the  delivery  per  hour  under  conditions  h,  t,  and  f. 


20Q/lv'A(<  -  O  X  0002)*'=D. 

The  constant  200  is  obtained  bv  multiplying  8600  (seconds  per  hour)  by  twice  the  square 
root  of  16-09  (=8  nearly),  and  dividing  by  144  square  inches.  By  halving  this  constant  we 
get  the  number  for  both  inlet  and  outlet  together. 
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impossible  to  have  the  size  so  great  as  it  would  be  if  each  person's  area  of 
ventilation  opening  were  48  square  inches,  unless  some  portion  of  the  air 
were  warmed. 

Relative  size  of  the  Inlets  and  Outlets. — It  is  commonly  stated  that,  as 
the  heated  air  expands,  the  outlets  should  be  larger  than  the  inlets,  and 
the  great  disproportions  of  5  to  4  and  10  to  9  have  been  given.  As,  how- 
ever, the  average  difference  of  temperature  is  only  about  10**  to  15**  Fahr. 
in  this  country,  this  disproportion  is  much  too  great,  as  a  cubic  foot  of  air 
only  expands  to  1*020361  cubic  feet  with  an  increase  of  10**.  Even  if  the 
difference  is  30"  Fahr.,  a  cubic  foot  of  air  only  becomes  1*061  cubic  feet, 
which  is  equal  to  an  increase  of  about  Ytth,  The  difference  is  so  slight 
that  it  may  be  neglected,  and  the  inlets  and  outlets  can  be  made  of  the  same 
size. 

It  is  desirable  to  make  each  individual  inlet  opening  not  larger  than  48  to 
60  square  inches  in  area,  or  enough  for  two  or  three  persons ;  and  to  make 
the  outlet  not  more  than  1  square  foot,  or  enough  for  six  persons.  Distribu- 
tion is  more  certain  with  these  small  openings. 

Position  and  Description  of  the  Inlet  and  Outlet  Tribes. — 1.  Inlets. — The 
air  must  be  taken  from  a  pure  source,  not  too  close  to  the  ground,  and  there 
must  be  no  chance  of  any  effluvia  passing  in.  As  a  rule,  the  inlet  tubes 
should  be  short,  and  so  made  as  to  be  easily  cleaned,  otherwise  dirt  lodges, 
and  the  air  becomes  impure.  Inlets  shoiJd  not  be  large  and  single,  but 
rather  numerous  and  small  (from  48  to  60  inches  superficial),  so  that  the  air 
may  be  properly  distributed.  They  should  be  conical  or  trumpet-shaped 
where  they  enter  the  room,  as  the  entering  air,  after  perhaps  a  slight  con- 
traction, spreads  out  fan-like,  and  a  slight  back  current  from  the  room  down 
the  sides  of  the  funnel  facilitates  the  mixing  of  the  entering  air  with  that  oi 
the  room.  To  lessen  the  risk  of  immediate  do^vn-draught  they  should  turn 
upwards,  if  they  are  placed  above  the  heiids  of  the  persons.  Externally  the 
inlets  should  be  partly  protected  from  the  wind ;  otherwise  the  wind  blows 
through  them  too  rapidly,  and,  if  the  current  be  strong,  draughts  are  felt ; 
an  overhanging  shelf  or  hood  outside  will  answer  pretty  well.  Valves  must 
be  provided  to  partially  close  the  openings  if  the  wind  blows  in  too  strongly, 
or  if  the  change  of  air  is  too  rapid  in  cold  weather.  If  covered  with  wire- 
gauze,  it  must  be  frequently  cleaned. 

Sometimes  an  inlet  tube  must  be  carried  some  distance  to  an  inner  room, 
or  to  the  opposite  side  of  a  large  room  which  is  unprovided  with  cross-venti- 
lation. In  this  case  the  heat  of  the  room  so  warms  the  tube  that  the  wind 
may  be  permitted  to  blow  through  it. 

The  position  of  the  inlets  is  a  matter  of  some  difficulty.  If  there  are 
several,  they  should  be,  of  course,  equally  distributed  through  the  room,  so  as 
to  insure  proper  mixing  of  the  air.  They  should  not,  however,  be  placed  too 
near  an  outlet,  or  the  fresh  air  may  at  once  escape;  theoretically,  their 
proper  place  of  entrance  is  at  the  bottom  of  the  room,  but  if  so,  the  air  must 
in  this  climate  be  warmed ;  no  person  can  bear  the  cold  air  flowing  to  and 
chilling  the  feet.     The  air  can  be  warmed  easily  in  various  ways,  viz. : — 

(a)  The  air  may  pass  through  boxes  containing  coils  of  hot- water  pipes,  or 
(in  factories)  of  steam  pipes.  This  is  one  of  the  best  modes  of  warming. 
The  coils  may  be  close  to  the  outside  wall,  or  in  the  centre,  or  in  hospitals  in 
boxes  under  the  beds  commimicating  with  the  exterior  air,  and  opening  into 
the  ward. 

(b)  The  air  may  pass  into  air-chambers  behind  or  round  grates  and  stoves, 
and  be  there  warmed,  as  in  the  present  barrack  and  hospital  grate,  contrived 
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by  Sir  Douglas  Gallon  :  or  as  in  the  Meissner  or  Bohm  stoves  of  Germany  j^ 
or  as  in  the  terra  cotta  stove,  in  the  Herbert  Hospital  at  Woolwich. 

(c)  The  air  may  be  warmed  in  a  tube  passing  through  a  stove,  as  in 
George's  calorigen,  or  by  the  method  of  Bond's  euthermic  stove. 

If  the  air  cannot  be  wanned,  it  must  not  be  admitted  at  the  bottom  of 
the  room ;  it  must  be  let  in  above,  about  9  or  10  feet  from  the  floor,  and  be 
directed  towards  the  ceiling,  so  that  it  may  pass  up  and  then  fall  and  mix 
gradually  with  the  air  of  the  room.  The  Barrack  Commissioners  have 
adopted  this  plan  with  half  the  fresh  air  brought  into  a  barrack-room.  The 
other  half  is  warmed. 

In  towns  or  manufacturing  districts  the  air  is  so  loaded  with  particles  of 
coal,  or,  it  may  be,  other  powders,  that  it  must  be  filtered.  Nothing  answers 
better  for  this  than  muslin  or  thin  porous  flannel,  or  paperhangers'  canvas, 
spread  over  the  opening,  which  then  should  be  made  larger.  This  covering 
can  be  moistened  if  the  incoming  air  be  too  dry. 

The  tubes  proposed  by  Mr  Tobin  of  Leeds  provide  for  the  introduction  of 
air  from  the  outside  at  the  floor  level  and  then  up  a 
vertical  tube,  about  6  feet  in  height ;  this  gives  a  vertical 
direction  to  the  current,  which  is  retained  for  several 
feet  further  before  it  begins  to  spread  and  descend. 
The  action  of  such  a  tube  is,  of  course,  much  affected  by 
the  direction  of  the  wind,  and  in  some  instances  it  is 
reversed  altogether.  The  method  is,  however,  useful 
in  most  cases,  particularly  for  introducing  air  into  places 
which  could  only  be  reached  with  difficulty  by  other 
means.'  In  some  forms  (as  made  by  the  Sanitary  En- 
gineering Company),  there  is  an  arrangement  for  washing 
the  air  and  arresting  impurities.  An  ingenious  contriv- 
ance for  warming  the  air  for  the  upright  tube  by  means 
of  a  gas  jet  has  been  suggested  by  Mr  Lawson  Tait ;  it 
also  provides  an  outlet  for  foul  air. 

2.  Outlets. — The  place  for  the  outlets  is  a  most  import- 
ant consideration,  as  it  will  determine  in  great  measure 
the  position  of  the  inlets.  If  there  are  no  means  of 
heating  the  air  passing  through  them,  they  should  be  at 
the  top  of  the  room ;  if  there  are  means  of  heating  them, 
they  may  be  at  any  point.  If  not  artificially  warmed,  the 
highest  outlet  tube  is  usually  the  point  of  greatest  dis- 
charge, and  sometimes  the  only  one. 

(a)  Outlet  Tubes  mthout  Artijicial  Heat — ^They  should 
be  placed  at  the  highest  point  of  the  room ;  should  be 
inclosed  as  far  as  possible  within  walls,  so  as  to  prevent  the  air  being  cooled  ; 
should  be  straight  and  with  perfectly  smooth  internal  surfaces,  so  that 
friction  may  be  reduced  to  a  minimum.  In  shape  they  may  be  round  or 
square,  and  they  may  be  covered  above  with  some  apparatus  which  may 
aid  the  aspirating  power  of  the  wind,  and  prevent  the  passage  of  rain  into 
the  shaft. 

The  causes  of  down-draught  and  down-gusts  in  outlet  tubes  are  these  : 
the  wind  forces  down  the  air,  rain  gets  in,  and,  by  evaporation,  so  cools  the 
air  that  it  becomes  heavier  than  the  air  in  the  room ;  or  the  air  becomes 
too  much  cooled  by  passage  through  an  exposed  tube,  so  that  it  cannot 


Fig.  27. 
Tobin's  Tube. 


1  The  Germans  appear  to  be  now  making  great  use  of  these  ventilating  stoves  in  hospitals 
and  even  in  private  nouses.    For  a  good  account,  see  Both  and  Lex,  l.c,  p.  248  ei  seq^. 
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overcome  the  weight  of  the  mipeiincumljent  atmosphere  ;TMHbUier  outlet     | 
ehaft^  with  greater  diacharge,  reverses  the  euiTent, 

AiTarigem elite   Rhoultl   he   made   t*^   tlistrihute   the   down*draiight,  if  it 
oceiiTR ;  flanges  |)lace<l  at  some  little  distance  below,  bo  as  to  throw  the  air 
xipwarda  again  before  it  iidxes  with  the  air  of  the  room,  or  simple  coiv 
trivances  of  a  similar  kind,  may  he  used.     Valves  should  bo  also  fixed  to 
leaseii  tlie  area  of  the  outlet  when  necessary.     If  there  axe  several  otiUe^B 
tul>e.s  in  a  room,  all  should  eommence  at  the  same  distance  &om  the  flo(i||H 
be  of  the  same  height  {or  the  discharge  will  be  unequal),  and  have  the  aamS 
exj>o«ure  t<i  sim  and  wind*  ^ 

Simple  ridge  openings  may  be  used  in  one-storied  buildings  with  slanting 
iXMjfs ;  they  ventilate  most  thoroughly,  but  snow  sometimes  drifts  in.     Eaiii 
may  l:>e  prevented  entering  by  carrjing  down  the  siiles  of  the  overhangiDg 
ridge  for  s«me  little  distance.     A  flange  placed  some  little  distance  belo«« 
will  throw  any  down-draught  towards  the  walls.  9 

(b)  Outlets  irith  Arfifidal  Warmth. — ^The  discharge  of  outlets  is  much 
more  cerUiin  and  constant  if  the  air  can  lie  warmed.  The  chimney  with 
op^i'ii  tire  is  an  excellent  outlet — so  gotid  that  in  dwelling-houjies,  if  tliero 
are  pnjjjer  iidets,  no  other  outlet  need  be  made,  except  when  gas  is  used. 
When  roi^ms  are  large,  and  more  crowded,  other  outlets  are  necessary ;  tlit* 
heat  of  the  fire  may  be  further  utilised  by  shafts  round  tlie  chimney, 
ojiening  at  tlie  ti:>p  of  tlie  room,  or,  in  other  words,  by  surrounding  the 
smoke- ilue  with  foul-air  shafts. 

Gas,  if  used,  should  in  all  cases  be  made  to  warm  an  outlet  tube,  both 
to  carr}^  off  the  products  of  combustion,  and  to  utilise  its  heat  The  best 
arrangement  appears  to  be  Ui  place  over  the  gas-jet  a  pipe  to  carry  off 
the  products  of  combustion,  and  to  case  the  pipe  itself  with  a  tube,  the 
ojx^ning  of  which  is  at  the  ceiling ;  the  tube  carrying  oil*  the  gas  prwlucts 
is  hot  enough  to  cause  a  very  considerable  dnmght  in  its  casing,  and  thus 
two  outlet  currents  ai-e  in  action,  one  over  the  gas,  and  one  from  the  ceiling 
round  the  gas4ubc. 

In  various  other  ways  the  heat  of  fire  and  lights  may  be  taken  advftn- 
tage  of. 

Tliere  will  seldom  be  any  difficulty  in  arranging  the  inlets  and  outlete^ 
and  in  obtiiining  a  sivtisfactory  result,  if  thcj^e  principles  are  borne  in  mind, 
viz.,  to  have  the  fresh  air  pure,  to  distribute  it  properly,  and  to  adopt  every 
means  of  securing  the  outlets  from  cold,  or  artificially  warming  them^  and 
of  distributing  the  air,  which,  in  spite  of  aU  precautions,  will  occasionallj 
pass  down  tliem. 

In  hot  climates,  when  outlet  shafts  are  run  up  above  the  general  level 
of  the  bidlding,  it  would  be  of  advimtage  to  make  them  of  brick  work,  and 
to  colour  them  black,  so  that  tliey  may  absorb  and  retain  heat. 


6,    PLANS   OF   TITHB8  AND    BHAFTB   WHICH   HAVE  BEEN    PBOFOBXD. 


In  most  of  the  plans  which  have  been  proposed,  the  inventors  have  not 
distinctly  seen  that  the  influence  of  the  winds  and  of  the  movement  of  air 
produced  by  unequal  temperatures  must  be  carefully  distinguished,  and,  as 
far  as  can  be  done,  provided  for. 

1.  Openings  at  onct  to  the  Outer  Air  for  Inlets^  the  Chimnefj  being  relied 
on  for  the  Outlets^  or  Special  Tubes  fijud  in, — Perforated  or  air  bricks  are  let 
into  the  walls.     A  usiial  size  Ls  9  x  3  inches,  and  the  united  area  of  all  the 
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'teveral  openings  in  one  brick  is  about  1 1 J  square  inches.  Another  conoiion 
fiipi«10)c6  inches,  with  an  open  area  of  about  24  scjuare  inclics.  The 
^nd  blows  freely  througli  them,  and  draughts  arc  prtKluccd. 

Tbe  Sheringham  valve  is  a  fi^eat  improvemt»nt  on  this :  the  air  psisses 
t!m)ugU  a  perforated  brick  or  iron  box  inserted  in  the  wall  close  t-o  the  ccH- 
ing  of  the  room.  The  current  of  iutlo^ving  air  is  then  directed  ui>wards  by 
4  ralve  opening,  which  can  be  closed,  if  necesHjir}^, 
by  a  boJrmced  weight  (fig*  28).  The  size  of  the 
int<jrnal  opening  is,  in  the  usual-sized  valve,  9 
inches  by  3,  and  the  area  ia  27  inches.     This  is 

wmcwhat   laiigej-  than  the  outside   area,  and  tli^ 

rrltjcity  of  the  entering  air  is  accordingly  lessened. 

The  wind  blows  through  them,  and  the  movement 

is  therefore  variable.     They  are  often  outlets;  it. 

iriU,  in  fact,  depend  upon  circumstances  whether  they  are  inlets  or  outlets. 

Very  little  tlraught  is,  however,  caused  l>y  theni^  unless  with  a  high  wind ; 

m  the  whole,  they  are  the  best  inlets  of  this  kind. 
An  open  iron  frame  of  the  size  of  a  brick,  covered  with  perforated  zinc, 

od  ^rfth  a  ViUve  to  close  it  if  necessary,  is  a  still  siuipler  plan,  and  the  air 

i  pretty  well  distributed.     The  gauze  should  be  cleaned  frequently.     Mr 

kjle  used  a  round  plate  working  on  a  screw,  which  can  he  brouglit  nearer 

r  lajtber  from  a  corresponding  opening  in  the 

rati ;  the  air  entering  strikes  on  the  plate^  and 

hen  spreads  circularly  over  the  wall,  and  is  tlien 

^wn  gently  into  the  room. 

BL  Tubeg  of  Different  EindU. — A  single  tube 

B  been  sometimes  used  for  iidet  and  outlet,  a 

llble  current  being  established,     Tliis  is,  how- 

Rbt,  a  rude  plan,  as  there  are  no  means  of  dis- 

riboting  the  air,  and  as   the   intermingling  of 

be  current  and  the  friction  of  the  meeting  air 

\  aooietimes  so  great  as  to  impede,  or  even  for 
tmie  stop,  the  movement,^     To  avoid   these 

MMmTeiLience^  Watson  proposed  to  place  a  par- 
lion  in  the  tube  (tig.  29),  and  Mure  suggested 
:  use  of  a  double  partition  running  from  corner 
ler,  so  as  to  make  four  tubes.  He  covered 
diirided  tul»e  with  a  louvre  so  as  to  make  use  in  some  degree  of  the 
fttory  power  of  the  wind  on  one  side, 
Xhn&e  tu1:>es,  accidental  circumstances,  such  as  the  sun's  rays  on  one 

ide,  the  winri,  the  lire  in  tlie  room,  Arc,  will  determine  which  is  outlet  and 

rhich   is  inlet.     They  are  so  far  better  than  the    single    tube^   that    tlie 

artition  divides  the  currents  and  prevents  friction,  but  there  is  the  same 

rr^ular  action  and  changing  of  currents  from  accidental  cireunistances,  so 

bit  the  direction  of  the  current^s  and  their  mte  are  variable.     The  distribu- 

ioD  of  the  entering  air  is  alsfii  not  good. 

'  Mucli  better  than  these  plans  is  M^KinneH's  circular  tube.     It  consists 
ro  cylinders,  one  encircling  the  other,  the  area  of  the  inner  tube  and 


\ 


1/ 


/ 


I 


Fig.  29. 


ftwo  c; 
Tbe^ 


I  "'"  Watson'w  rentQating  tube  i»  well  adapted  for  showing  how  opposing  ciarreat* 
tier.     Although  the  tubt*  i$  of  good  size,  a  candle  pTflCLnl  in  a  l>ell  glass,  into 
M'  iuW  is  fijceo,  e<oou  goes  out  ;  a  fiartitjou  hemgtDen  in-s«rted  into  the  tube, 
.  oit^  ^  oooe  divided— one  ptuses  up,  one  down,  the  flideH  of  the  tube,  and  the  candle 
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encircling  ring  being  equal. ^  The  inner  one  is  the  outlet  tube;  it  is  so 
because  the  casing  of  the  other  tube  maintains  the  temperature  of  the  air 
in  it ;  and  it  is  also  always  made  rather  higher  than  the  other ;  above  it  is 
protected  by  a  hood,  but  if  it  had  a  cowl  it  would  be  better.  The  outer 
cylinder  or  ring  is  the  inlet  tube ;  the  air  is  taken  at  a  lower  level  than  the 
top  of  the  outlet  tube ;  when  it  enters  the  room  it  is  thrown  up  towards  the 
ceiling,  and  then  to  the  walls  by  a  flange  placed  on  the  bottom  of  the  inner 
tube ;  the  air  then  passes  from  the  walls  along  the  floor  towards  the  centre 
of  the  room,  and  upwards  to  the  outlet  shaft  (figs.  30  and  31).      Both 


Fig.  80. 


Fig.  81. 


tubes  can  be  closed  by  valves.  If  there  is  a  fire  in  the  room,  both  tubes 
may  become  inlets ;  to  prevent  this  the  outlet  tube  should  be  closed ;  if 
doors  and  windows  are  open,  both  tubes  become  outlets. 

The  movement  of  air  by  this  plan  is  imperceptible,  or  almost  so  *,  it  is  an 
admirable  mode  for  square  or  round  rooms,  or  small  churches ;  for  very  long 
rooms  it  is  less  adapted. 

Dr  Amott's  chimney  ventilator  is  a  valved  opening  at  the  top  of  the 
room,  leading  at  once  into  the  chimney,  and,  like  Dr  Chowne's  siphon, 
has  the  great  advantage  of  drawing  the  air  from  the  top  of  the  room; 
it  has  been,  and  is,  much  used,  but  has  the  inconvenience  of  occasionally 
allowing  the  reflux  of  smoke ;  its  action  is  also  accompanied  by  a  disagree- 
able noise. 

Mr  Boyle  has  altered  this  chimney  ventilator  by  hanging  small  talc 
plates  at  a  certain  angle ;  a  very  slight  pressure  closes  them  and  prevents 
reflux. 

System  of  Ventilation  adopted  in  the  Army, 

On  Home  Service. — The  official  plan  now  in  use  was  arranged  by  the 
Barrack  Improvement  Commission  (1863),  and  has  answered  well,  so  far  as 
it  goes.     It  is  based  on  the  plan  of  natural  ventilation,  and  consists  of — 

1.  One  outlet  shaft,  or  more  if  required,  proceeding  from  the  highest 
point  of  the  room ;  the  exact  position  in  the  room  varies ;  it  is  sometimes 
at  the  comer,  or  at  one  side,  according  to  circumstances.     Tliis  shaft  is 


^  It  would  be  advisable  to  make  the  outer  ring  larger,  seeing  that  the  friction  to  be  over- 
come is  about  double  that  of  the  inner  tube. 
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carried  straight  up  inside  the  wall,  and  about  4  to  6  feet  above  the  roof, 
and  is  covered  with  a  louvre.  It  is  made  of  wood,  is  very  smooth  inside, 
and  is  pro\'ided  with  a  flap  for  partly  closing  it  below.  Its  size  is  regulated 
by  that  of  the  room  and  by  the  number  of  inmates,  but  it  is  not  made 
larger  than  1  square  foot ;  if  more  outlet  is  required,  another  shaft  is 
put  up.  The  relation  between  its  size  and  that  of  the  room  varies  with 
the  position  of  the  room.  In  a  three-storied  barrack  the  rule  is  as 
follows : — 


(1)  On  the  ground  floor,  1  sqaare  inch  of  section  area  of  outlet  shaft  for  every  60  cubic 

feet  of  room  space,  or  for  each  man  10  square  inches  of  area. 

(2)  On  the  first  floor,  1  square  inch  for  every  55  cubic  feet  of  room  space,  or  for  each 

man  10*9  (say  11)  square  inches. 

(3)  On  the  second  floor,  1  square  inch  for  every  50  cubic  feet  of  room  space,  or  for 

each  man  12  square  inches. 

In  a  one-storied  barrack  the  amount  should  be  the  same  as  the  second 
floor,  or,  in  other  words,  12  men  would  have  a  shaft  of  1  square  foot.  In 
addition,  there  is  the  chimney,  which  gives  a  section  area  per  head  of  about 
6  square  inches.  The  total  outlet  area  per  man  is  therefore  16  to  18  inches, 
according  to  circumstances. 

2.  Inlets, — ^The  amount  of  inlet  is  a  trifle  more  than  1  square  inch  to 
every  60  cubic  feet  of  room. 

Half  the  inlet  air  is  warmed  in  all  the  new  barracks  and  many  old 
barracks  by  being  taken  through  air-chambers  behind  the  fire  (Galton's 
stove)  (area  of  tube  =  6  square  inches  per  head),  and  the  other  half  comes 
direct  from  the  outer  air  into  the  rooms 
tlirough  an  air  brick  delivering  into  the 
rooms  through  valves  either  louvred  or 
hopper-shaped.  In  the  latter  form  the  air 
impinges  on  a  baffle  board,  and  is  deflected 
right  and  left  to  openings  protected  by  per- 
forated zinc.  This  arrangement  rather 
interferes  with  the  free  delivery  of  air. 
Area  of  outer  opening  =  5  square  inches, 
making  altogether  1 1  square  inches  of  inlet 
opening  per  man. 

The  cold-air  inlets  are  placed  at  the  sides 
near  the  ceiling,  about  9  feet  from  the  floor, 
and  are  not  opposite  each  other.  Fig.  32 
shows  a  usual  arrangement.  The  outlet 
space  is  thus  seen  to  be  rather  larger  than  the  inlet,  but  as  the  doors  and 
windows  seldom  fit  close,  it  is  probable  that  practically  this  is  of  little 
consequence. 

The  movement  of  air  through  these  openings  is  tolerably  regular — as 
regular  as  it  ever  can  be  in  natural  ventilation.  The  discharge  of  air 
through  the  chimney  and  outlet  shaft  averages  about  1200  cubic  feet  per 
head  per  hour,  with  a  range  from  700  to  1500  or  1600  according  to  the 
amount  of  fire,  the  warmth  of  the  room,  and  the  movement  of  the  external 
air.  The  usual  upward  current  through  the  outlet  shafts  at  night  is  from 
3  to  5  feet  per  second.  Sometimes  the  chimney  and  outlet  counteract  each 
other  a  little ;  a  strong  chimney  draught  may  stop  the  current  in  the 
outlet  shaft,  but  there  is  seldom  any  down-draught  unless  rain  beats  into 
the  louvre  and  trickles  down  the  inside  of  the  shaft.  The  ventilation  of 
barracks  has  been  wonderfully  improved  by  this  plan,  and  the  average  CO^ 


Fig.  82. 
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ranges  from  0'7  to  1  per  1000  Yoliirae^^  equal  to  from  0*3  to  0*6  of  respira- 
tory impurity,  according  to  tlio  rapidity  of  movement  of  the  air. 

The  hospital  system  is  precisely  the  same,  except  that  the  dimeBsions  arc 
nearly  doubled, 

Medke7Timean  Stations. — The  same  system  is  directed  to  bo  carried  out 
whenever  practicable  at  Malta  and  Gibraltar,  only  the  sizes  of  the  inlets  and 
o^itlets  are  trebled  ;  for  example,  there  is  1  square  inch  of  outlet  for  every 
liO  cubic  feet  of  space,  instead  of  60  as  at  home ;  great  care  is  onlercd  to  be 
taken  to  remove  all  outside  obstacles  to  the  movement  of  the  wind. 

The  Tropics  and  India. — The  same  system  in  principle  is  now  directed  tn 
lie  used  in  India, 

SECTION  lU. 

ARTIFICIAL  VEXTILATIOK 


rtificial  ventilation  ia  accomplished  in  two  ways ;  either  the  air  is 
out  of  a  building  or  room  (the  method  by  extraction),  or  it  is  driven 
in,  so  as  to  force  out  the  air  already  in  the  room  (the  method  hj 
propulsion). 

Sub*Sbction  1. — Ventilation  by  Extraction. 

Tliis  is  produced  by  the  application  of  heat,  so  as  to  cause  an  upward 
current,  or  by  the  ste*im  jet,  or  by  a  fan  or  screw,  which  draws  out  the  air. 

L  Extraction  by  IleaL — The  common  chimney  is  a  well-known  example  of 
this.  There  is  a  constant  current  up  the  chimney,  wlien  the  liri>  is  burning, 
in  proprtrtion  to  the  size  of  the  lire  ami  of  the  chimney.  The  u^ual  current 
up  a  comnion  sitting-i-oom  ehinmey^  with  a  fair  fire,  is,  as  measured  by  an 
anemometer,  from  3  to  6  feet  per  second.  A  very  large  Hre  will  bring  it 
up  to  8  or  9  feet.  The  movement  caused  by  a  kiklien  or  furnace  tire  is, 
of  course,  greater  than  this.  If  the  area  of  the  section  where  the  anemo- 
meter is  placed  be  known,  the  discharge  cjm  he  stated  in  cubic  feet. 

It  may  be  concluded  tlmtj  with  an  ordinary  hre,  a  chimney  gives  a  dis- 
charge suihcient  for  four  e»r  live  jtersons.  If  then,  more  than  this  number 
of  persons  habitually  live  in  the  room,  another  outlet  must  be  provided 

tVTien  the  air  enters  0(411  a  lily,  and  is  well  distributedj  the  movement  of 
ftir  is  from  the  inlets  gently  towards  the  iirepkice  ;  there  is  also  said  to  be 
a  movement  from  above  the  fire]>Iacc,  along  the  ceiling  and  down  tbe  walls, 
and  then  along  the  Hoor  ttj  the  chinmey.^ 

As  the  current  up  the  chimney  is  so  great  when  the  fire  is  liglited^  all 
other  openings  in  a  room,  if  not  too  mimj,  become  inlets ;  and,  in  this  w*ay, 
down-draughts  of  air  may  occur  from  tubes  intended  as  outlets,     There  is 

1  B«id  and  Stewnrt,  quoted  by  tlits  Barrack  CouitiusHiouers.  In  tbe  word*  of  Fort  Pitt  th« 
currcDt,  with  a  good  ftre,  is  about  3i  to  4^  feet  f  >er  seooad ;  and  fts  the  section  area  of  the  throot 
U  0  5  aqoiLfe  foot,  tbe  Average  discharge  la  about  7200  uubic  feet  per  hour.  In  Hit  barracki^  at 
CbathAiu,  Dr  Yytn  found  the  disclmrge  by  the  cMmney  to  be  90S0  cubic  feet  per  hour  (avero^ 
of  six  obaervalions).  In  the  barracka  at  Qravesend,  Messrs  Hewlett,  Stuiiley,  and  Rcid  found 
the  discharge  to  be  6120  cubic  feet  per  hour  (average  of  twenty  observations).  At  Chelsea  New 
Barracks,  with  a  lire  alight  but  low,  the  velocity  was  14'6  per  second,  or  21,038  cubic  feet  per 
hour;  aiid^  with  the  fire  out,  11-0  i)er  necond,  or  17,0S8  per  hour  (F.  de  Chaumont'a  K©t>ort»f 
A  rmy  Med,  Reports^  vol.  ix,  j.  In  the  experiitients  of  the  Barrack  ComtiuHsioneni  {Report,  1861, 
p»  73),  the  chimney  dischaii^e  ranged  from  6300  to  16,000  cubic  feet  i-er  hour,  tbe  mean  of 
twenty-live  experiments  being  9904  cubic  feet.  Even  in  snmmer,  without  a  fire,  there  ia 
generally  a  good  up-current.  In  August  1869  F.  de  Chaumont  found  at  Fort  Elsou  the  velocity 
to  be  oil  one  occasion  7 '5  per  second^  and  at  Goaport  New  Barracks,  8 '4.  The  velocity  gener> 
ally  Tungwa  fh>m  1|  feet  to  3  feet  per  acoond,  although  it  is  often  more. 
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110  remedy  for  this ;  and  if  too  much  enters,  the  outlets  mtiat  be  more  or  less 
cloaed. 

If  the  room  be  without  openings,  so  that  no  air  can  reach  the  fire,  air 
»' drawn  down  tlie  chimney,  and  a  douhle  current  is  established,  by  which 
the  fire  is  fed.  The  down-current  coming  in  puffs  is  one  cause  of  smoky 
chimneys,  and  may  he  at  once  cured  hy  making  an  inlet. 

The  chimney  and  fir©  form  a  type  of  a  number  of  other  similar  modes  of 
ventilation  by  extraction. 

The  ventilation  of  mines  is  carried  on  by  lighting  a  fire  at  the  bottcjm  of 
a  shaft  (the  upciust  or  return  shaft),  or  half  a  shaft,  if  there  be  only  one. 
The  air  is  drawn  down  tlie  other  or  downcast  or  intake  shaft,  or  half  the 
shaft,  and  is  then  made  to  traverse  the  galleries  of  the  mine,  being  directed 
this  way  or  that  hy  partitions.  Double  doors  are  used^  so  that  there  is  no 
back  or  side  rush  of  the  air.  The  current  passes  through  the  upcast  shaft 
at  the  rate  of  from  8  to  10  feet  per  second ;  it  flows  through  the  main 
galleries  at  the  rate  of  from  4  to  6  feet  per  second,  or  even  more,  and  from 
1000  to  2000  cubic  feet  per  head  per  hour  are  supplied  in  good  mines.  In 
tire-damp  mines  much  more  than  this  is  given,  even  as  much  as  6000  cobic 
feet  per  man  per  hour.^  If  the  quantity  of  air  be  reduced  too  low,  there  is 
a  serious  diminution  in  the  amount  of  work  performed  by  the  men,  A  horse 
is  allowed  2466  cubic  feet,  and  a  light  59  cubic  feet  per  hour.  All  these 
quantities  are  too  smalL  It  may  easily  be  conceived  how  skilfully  the  air 
must  be  directed  so  as  to  tmverse  the  most  remote  workings  ;  in  some 
mintis  a  portion  of  air  makes  a  circuit  of  frcsm  30  to  40  miles  before  it  can 
arrive  at  the  upcast  shaft.  The  size  of  the  shafts  in  a  colliery  varies  from 
8  to  11  or  12  feet  in  diameter,  the  sectional  area  of  a  shaft  of  the  former 
size  would  be  50  square  feet*  A  current  of  8  feet  per  second  in  the  upcast 
shaft  would  give  a  discharge  of  1,440,000  cubic  feet  per  hour,  which  would 
give  720  men  2000  cubic  feet  per  hour. 

The  sectional  area  and  height  of  the  extracting  shaft,  and  of  the  tubes 
running  into  it,  have  been  fixed  by  Pdciet ;  the  principle  k  to  gWe  to  the 
shaft  the  gre^ite^t  height  which  can  be  allowed,  and  the  largest  section 
which  ciin  be  given, ^  without  permitting  the  temperature  of  the  contained 
air  t«^  fall  so  low  as  to  be  unable  to  overcome  the  resistance  of  the  atmo- 
sphere at  the  top  of  the  shaft,  or  the  action  of  the  wimla.^ 

In  large  bnildings  the  same  plan  is  often  used;  a  chimney  (cheminSe 
d*appfl  of  the  French)  is  heated  by  a  fire  at  the  bottom,  and  into  th«  Ix^ttom 
of  tliis  shaft,  close  to  the  fire,  run  a  mmiber  of  tubes  coming  from  the 
different  rooms,  Several  French  and  English  hospitals,  and  many  other 
buildings,  are  ventilated  in  this  way.  Dr  Reid  for  some  years  ventilated 
the  Houses  of  Parliament  iu  the  same  manner,  and  so  powerful  was  his 
ni>-draijght  that  he  could  change  the  entire  air  in  the  building  in  a  few 
minutes. 

In  dwelling-houses  it  ha&  been  proposed  to  have  a  central  chinmey,  into 
which  the  t^himneys  of  all  the  fires  shall  open,  and  to  surrcjund  this  with  air- 
shafts  connected  with  the  tops  of  the  nxims.  It  is  supjiictsed  that  if  other 
inlpts  exist,  there  will  be  a  current  both  up  the  chinmey  and  up  the  glxaft 
runniug  beside  it. 

In  oil  tliesc  cii^es  it  is  necessary  tlmt  the  workmanship  shall  be  yerj 

1  Pwctt^lijufs  o/th^  InH.  qf  CivU  Snffint^cr)!,  vol  x\L  p.  308. 

>  /><?  l4i  VimUntr^  3M  ed, ,  1861,  t.  iii.  p.  <S(J  ct  atq, 

•  Tlie  amoiiut  of  the  i^sistancu  given  lo  the  taoveraent  of  air  throagh  the  tabe$  Ic^ading  to 
tbd  shaft,  Bud  in  tli«  shAfl  itself,  can  bo  calculated  from  the  fonuulu  giveu  by  Peulet,  At  p.  47 
<t  iii.),  but  which  it  is  imiMC«s«ary  to  iutroducc  here. 
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exact,  so  that  air  shall  not  reticli   the  extractiug  shaft  except  through  the 
tubes. 

It  is  now  more  than  a  ImnJred  and  twenty  years  einee  Dr  Mead 
hrougUt  before  the  Royal  8cK!iety  Mr  fSutton's  plan  of  ventilating  ^hips  on 
the  same  principle.  Tubes  running  from  the  Jiold  and  %'arious  cabins 
joined  together  into  one  or  two  hirge  tubes  which  opened  into  the  ashpit 
beneath  the  cooking  tires.  If  the  doors  of  the  ashpits  were  kept  closed,  the 
fires  drew  the  air  rapitUy  from  all  parts  of  the  ship.  Uulortuiiately,  this 
plan  never  canie  into  general  use.  The  same  plan  was  adoptr^d  by  Dr 
MapletfjD  for  the  ventilation  of  the  hospital  ships  employed  in  tlie  last 
(1860)  China  War*  Tlie  arrangement  requii'cs  some  watching  to  prevent 
careless  cooks  from  allowing  air  to  reach  the  hre^  m  other  ways. 

On  the  same  principle  some  men-of-war  are  now  Ijeiiig  ventilated.^  The 
funnel  and  upper  part  of  the  boiler,  and,  as  far  as  possible,  all  the  steam 
apparatus,  are  inclosed  in  an  iron  casing,  so  that  a  space  is  left  of  some  3 
or  4  feet  between  the  casing  and  the  finiiieL  When  the  fires  are  lighted, 
there  is  of  course  a  strong  current  up  this  space ;  io  supply  this  the  air  is 
drawn  down  through  all  the  hatchways  towards  the  furnace  doors.  Thr 
temperature  of  the  st*:tkehole  is  reduced  from  130**  or  140"  Fahr.  to  60 
and  70*,  and  the  draught  to  the  fires  is  so  much  more  perfect  that  more 
steam  is  obtained  from  the  same  amount  of  fuel.  Tliis  plan,  devised  by 
Mr  Baker»  was  ingeniously  applied  by  Adnnral  Fanshawe,  late  snptTiiitendent 
at  Chatham  dockyartl,  to  the  ventilation  of  every  j^art  of  the  ship  wlien> 
there  were  no  water-tight  compartments.  Eilmimds'  plan  combines  with 
this  the  ventilation^  not  only  of  the  hold,  but  of  the  timbers  of  the  ship. 

Sometimes,  instead  of  a  fire  at  the  l>ottom  of  the  chimney,  it  is  placc^l  at 
the  top ;  but  this  is  a  mistake,  as  there  is  a  great  loss  of  heat  from  the 
immediate  escape  of  the  heuted  air ;  the  proper  plan  is  to  heat,  as  much  BiS 
[(ossible,  the  whole  cohumi  of  air  in  the  chimney,  which  cjin  only  be  don« 
by  placing  tlie  fire  below*  Sometimes^  as  in  Jebb'a  method  for  prison  cells, 
the  shaft  is  too  short  for  the  work  it  has  to  do. 

Frequently,  instead  of  or  in  addition  to  a  fire,  heat  is  obtained  in  the 
shaft  by  means  of  hot-water  or  steam  pipes.  This  plan  has  long  l>een  in 
use  in  England,-  and  has  since  been  introduced  into  Frunre,  and  improveii 
by  M.  Txon  Duvoir.  Warming,  as  well  us  ventilation,  is  accomplished  by 
tills  method,  which  is  in  action  at  the  Hospitals  Lariboisiere  (in  one-half) 
and  Beaujon.  Aft^r  a  very  long  Lnvestigation  into  the  merits  of  all  nv^ 
plans,  it  was  adopted  by  a  French  commission  for  the  warming  and  ventila- 
tion of  the  Palais  de  Justice  at  Paris,  and  has  since  been  adopted  in  other 
public  buildings,  chiefiy  from  the  advocacy  of  General  Morin.^ 

Oil  has  been  used  in  some  cases  instead  of  water,  for  circulating  in  ilie 
heating  apjmratus. 

Very  frequently,  instead  of  a  fire  or  hotr water  vessels^  lighted  gas  is  used 
to  cause  a  citri'ent,  and  if  the  gas  can  he  applied  to  other  nses,  such  aa 
lightings  cooking,  or  iMjilLtig  water,  the  plan  is  an  economical  one. 

In  theatres  the  chandeliers  have  long  been  made  use  of  for  this  purpose. 
M.  D'Arcet  proposed  this  for  several  of  tlie  old  theatres  in  Paris,  and  the 


'  In  the  new  ironclftds  it  Is  f ountl  necessary  to  use  large  fans  driven  by  special  enginea  to 
effect  thorough  change  of  iiir  l}elow. 

^  It  is  in  nae  In  th«  Circuit  Court -Houm  in  Otaagow,  and  in  the  Police  Buildings  at  Edinbuiigh 
(Ritchie),  and  in  tnnny  other  huildiiiga. 

*  Two  excellent  re|>orta  have  been  niade  by  this  Conimijijsion,  of  which  General  Morin  was 
reporter.  Their  titks  are  given  furthcj*  on.  Much  inlbrniation  is  also  ffiven  in  Genera) 
Morin'ft  work  on  ventilatioUf  Ktudt*  tur  ia  VetitiUitimif  Paris,  186S|  2  vols.  ;  alKO  Manuel 
PfoHqm  du  Cfiavja^c  ct  tie  iu  VendttUion^  ParLSt  1874 » 
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VENTIIATION  BY    EXTRACflON, 

ComHiissioii  1  appointed  to  determine  the  mode  of  ventilation  to  be  adopted 
in  i}m  Theatres  Lyrique  et  du  Cirque  Imperial,  determined,  after  mtieh 
consideration,  that  this  plan  was  the  best  aikpted  for  theatres.  General 
Morin,  from  numerous  experiments,  found  that  1  cubic  metre  of  gas  caused 
the  discharge  of  1000  cubic  metres  of  air,  or  1  cubic  foot  would  cause  the 
discharge  of  1000  cubic  feet  of  air.'^ 

The  ad%*aiitage  of  extraction  by  heat,  especially  in  the  c^se  of  theatres  and 
buildings  where  gafl  can  be  brought  into  play,  are  obvious,  but  the  growing 
use  of  tlie  elexitric  light  will  necessarily  modify  the  arrangementa  for  venti- 
lation. 

In  America  the  Ruttan  or  Smead  system  has  been  successfully  employed 
for  ventilating  many  schools  :  the  motive  pi>wer  is  furnished  by  a  hotrair 
shaft,  wbich^  in  warm  weather,  is  heated  by  a  stove  at  tlie  base  of  the  shaft ; 
this  is  not  required  in  cold  weather,  as  the  exhaust  air  of  the  rooms  m  so 
much  warmer  than  the  external  atmosphere.  The  supply  of  fresh  air  is 
warmed  by  passing  through  cbiinibers  containing  tubular  metal  stoves :  the 
outletH  are  near  the  floor  level,  and  the  air  passfing  to  the  upcast  shaft  is 
drawn  through  the  privies^  where  it  dessicates  all  discharges.^ 

There  are  some  objections  to  extraction  by  the  fire  and  hot-air  shaft 

(1)  The  inequality  of  the  draught.  It  is  almost  impussible  Uj  keep  the 
fire  at  a  consttmt  height  The  same  quantity  of  combustible  material 
should  be  consumed  in  the  same  time  every  day,  and  the  beat  should  be 
kept  in  by  large  masses  of  masoniy.  Still,  with  tlusse  precautions,  the 
atmospheric  influences,  and  changes  in  the  quality  id  the  combustibles, 
cannot  be  avoided. 

(2)  The  inequQlity  of  the  movement  from  dilferent  rooms.  From  rooms 
nearest  the  shaft,  and  with  the  straightest  connecting  Lubes,  there  may  l>e 
a  strong  current,  while  from  tlistant  rooms  the  friction  in  the  conduits  is 
so  great  that  little  air  may  pass.  This  is  well  seen  in  prison  ceils  ventOated 
on  Jebb's  prijiciple.  The  gre4itest  care  is  therefore  ne^essaiT  in  calculating 
the  resistance,  and  in  apportioning  the  area  of  the  tubes  to  the  resistance. 
This  plan  is,  indeed,  best  adapted  for  compact  buildings.  Occasionally,  if 
the  friction  be  greixt,  from  too  small  size  or  the  angular  arnuigement  of 
the  conduits  leading  to  the  hot-shaft,  there  may  be  no  movement  at  all  in 
tlie  condidts,  but  a  down-current  to  feed  the  lire  is  established  in  the  shaft 
itself — ^a  state  of  things  which  Wiis  tliscovered  by  Dr  Sanderson  to  exist 
formerly  in  the  ventilation  of  tSt  Mary^s  Hospital  in  London. 

(3)  The  possibility  of  reflux  of  smokej  and  perhaps  of  air,  from  tFie 
slijift  to  the  rooms,  is  another  objection  of  some  weight. 

(4)  ThM  imjjossibility  of  properly  ctjntrolling  the  places  where  fresh  air 
enters.  It  wHl  flow  in  from  all  sides,  and  possibly  from  |:iJaces  where  it  is 
impure,  as  from  closefcB,  &c. ;  air  is  so  mobile  that  with  every  cAre  it  is 
diiiicidt  to  bring  it  under  complete  control — it  will  always  press  in  and  out 
at  the  point  of  least  resistance, 

2.  Exiradion  by  the  SUam-JeL — The  moving  agent  here  is  the  force  of 
the  steam-jet,  which  is  allowed  to  pass  into  a  chimney.  The  cone  of  steam 
seta  in  motion  a  body  of  air  equal  to  217  times  its  own  bulk-  Tubes  pass- 
ing from  diflerent  rooms  enter  the  chimney  below  the  steam-jet,  and  the 
air  is  extracted  from  them  by  the  strong  upward  current.     This  plan  is 


1   r  Jf  la  Commiagian  aur  U  ChuugagtH  la  Ventilation  du  ThiatrB  l4friqui  et  du 

Tfu  pie  Imph^eUf  Kapportenr  k  O^ni^ml  Moriu^  Paris,  Ititjl. 

la  Ko*<..  tli.p.  720. 
^riUmn^t  9th  edition,  &i 


*  Mncydop.  BniUifi^t  9th  edition,  art.  ^*  YcutilAtion.' 
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host  adapted  for  factories  with  si>are  steam.  It  was  employ <hI  for  some 
time  in  the  ventilation  of  the  House  of  Lords,  but  was  finally  abandoned. 

3,  EMradioii  hy  a  Fan  or  Scr^w, — An  extracting  fan  or  Archimedean 
8€rew  has  been  used  to  throw  out  the  air.  Several  diflerent  kinds  have 
been  proposed  by  Messrs  Combes,  Letoret,  Glepin,  and  Lloyd,  and  have 
been  used  in  coal-mines  in  Belgium,  and  in  some  of  the  English  mines. 
At  the  Abcrcam  mine,  in  South  Wales,  a  fan  is  u&ed  of  13 J  feet  diam<iter  ; 
the  viLnes,  eight  iii  luimherj  are  3^  feet  wide  by  3  feet  long ;  at  60  revolu- 
tions per  minute  the  velocity  of  the  air  ia  782  linear  feet  per  minute,  and 
4r),000  cubic  feet  are  extracted  ;  the  velocity  at  the  circmuference  of  the 
fan  is  2545  feet  per  minute ;  the  theoretical  consumption  of  coal  per  hour 
is  17*4  Ib.i 

Mr  Van  He«:ke  formerly  used  a  fan  for  thLs  purpose,  in  his  system  of 
ventilation  of  buildings,  but  he  has  found  it  lietter  to  abandon  it,  and 
fiubstitute  a  propelling  fan. 

In  the  **  j^Eoliis  "  and  "  Simplex  ^*  ay  stems,  a  jet  of  water  under  pressure 
is  made  to  impel  a  current  of  air :  these  plans  can  be  used  either  for  ppi:»pul- 
sion  or  extraction.  It  is  claimed  that  the  ingoing  air  is  washed,  and  can  be 
heated  or  cooled,  if  desired. 


Sitb-Sbction  IL— Vbxttlation  by  PnopmsiOTr. 

This  plan  was  proposed  by  Desaguliers,  in  1734,^  when  he  invented  a 
fan  or  wheel  inclosed  in  a  box.  The  air  passed  in  at  the  centre  of  the  fan, 
and  was  thrown  by  the  revolving  vanes  intc»  a  conduit  leading  from  the 
box.  In  some  form  or  other  this  fan  has  been  used  ever  since,  and  the 
conduits  leading  from  it  are  now  generally  made  large,  so  that  the  fan 
may  move  slowly,  and  deliver  a  large  quantity  of  air  at  a  low  velocity. 
The  faiij  if  small,  is  worked  by  hand  ;  if  large,  by  horse,  water,  or  steam 
pi>wer-     It  is  largely  used  in  India,  imder  the  name  of  the  Thermantidote. 

Thi-^  fans  are  «:jfteii  made  with  six  or  eight  rays,  each  carrying  vanes  at 
the  end,  which  should  be  as  close  as  possible  to  the  enveloping  l)ox.  In 
size,  the  length  of  the  vanes  should  be  more  than  hnlf  the  length  of  Ui© 
rays ;  the  number  of  rays  should  augment  witli  the  diameter  of  the  orifice 
of  access.^ 

The  amotmt  of  air  delivered  can  be  told  by  timing  the  speed  of  revolu- 
tion of  the  extremities  of  the  fan  per  second,  or  per  minute ;  the  effective 
velocity  is  equal  to  Jtlia  of  this,  and  this  is  the  rate  of  movement  of  the 
air.  If  the  section  area  of  the  conduit  be  known,  the  number  of  cubic  feet 
diBcharged  per  second,  minute,  or  hour  can  l>e  at  once  crilculated. 

The  power  of  this  plan  is  very  consitlerable.  With  a  fan  of  10  feet 
diameter,  revolving  sixty  times  per  minuter,  the  effective  velocity  is  141 4  feet 
per  minute.  The  rate  of  movement  in  the  main  channel  should  not  Im 
more  than  4  feet  per  second  ;  the  conduits  must  gradually  enlfU'ge  in  calibre  ; 
and  the  movement,  when  the  air  is  delivered  into  the  rooms,  should  not 
Iw  more  than  H  feet  per  second. 

This  plan  is  very  weU  adapted  for  thoee  cofies  in  which  a  large  amount  of 


*  Uro's  J>kiicnary,  1875,  art,  **  VimtUfltion."  vol.  liL  p.  106&. 

=•  Coutae  of  Experimental  Philosofihy,  toL  il.  p.  &64-  The  >vh»j*l  was  bhoMii  tcs  tbe  Rojal 
Society  in  ]  731. 

»  Poclct,  De  la  Chaieur,  3rd  edition,  I860*  t.  L  mj.  259,  263.  Numcpoii«  kinds  of  Aids  for 
liropulsion  ami  extmctioo  are  figured,  and  detaOea  acc<mut«  of  comtructiou  and  atnoant  of 
work  are  giveu. 
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ail  has  to  be  aiiddeidy  supplied,  as  iii  crowded  miiaic  halls  tind  siKsembly 
Tooms.  St  George*8  Hall  at  Liverpool  la  ventilated  lu  this  way,  which,  after 
thirty  years*  experience,  is  stdl  considered  satisfactory.  The  air  la  taken 
from  the  basement ;  is  wa^shed  by  being  drawn  through  a  thin  film  uf  water 
thrown  np  by  a  fountain ;  ia  passed  into  ealorif^^res  (in  the  winter),  where  it 
can  l>e  moistened  by  a  steam -jet,  if  the  difference  of  the  dry  and  wet  bidb 
be  more  than  four  to  six  degrees,  and  is  then  propelled  along  the  channels 
wluch  distnhute  it  to  the  halh  In  summer,  it  is  cooled  in  the  conduits  by 
the  evaporation  of  water. 

The  Houses  of  Parliament  are  ventilated  by  extraction  and  by  propulsion. 
Air  is  admitted  into  the  chamber  of  the  House  of  Commons  through 
openings  in  the  floor,  having  been  previously  warmed,  moistened,  or  coohid 
according  to  the  requirements  of  the  se-ason.  The  vitiated  air  is  extracted 
through  the  perforated  ceiling,  and  is  conducted  tJircaigh  a  shaft  to  the  base 
of  the  Clock  Tower,  where  a  large  tire  is  maintained  at  the  bottom  of  an 
upcast  shaft. 

At  the  H6pital  Necker  in  Paris,  and  in  many  other  places,  the  plan 
of  Yan  Hecke  is  in  use.  A  fan,  worked  by  an  engine,  drives  the  air  into 
small  chambers  in  the  Iwisementx,  where  it  is  wiirmed  by  cockle  stoves, 
and  then  ascends  into  the  rooms  above  and  passes  out  by  outlet  shafts 
constructed  in  tlie  walls.  The  system  is  effective  and  economical,  though  it 
is  oidy  just  to  siiy  that,  the  use  of  the  fan  excepted,  it  is  precisely  similar  in 
principle  to  Sylvester's. 

The  fans  employed  by  Verity  Erotbers  of  London  seem  to  be  very  power- 
fuL  Blackman's  air-propeller  can  be  used  for  propulsion,  or  for  extraction, 
and  is  very  powerfui  in  its  aetir>nj  its  fans  being  large  and  curved* 

In  addition  to  the  fan,  other  appliances  have  been  used.  Soon  after 
Desaguliers  pro|K)sed  the  fan,  I)r  Hales  employed  large  bellows  for  the  twiine 
purpose,  and  they  were  used  for  some  time  on  board  some  men-of-war,  and 
in  various  buildings.  They  were  worked  by  hand ;  and  probably  this,  and 
their  faulty  construction,  led  to  their  being  disused.  Their  use  was  revived 
azul  their  fonn  modilied  and  improved  by  Dr  Arnott.^  I)r  Arnott  showed 
tliat  Hides  lost  much  power  by  forcing  his  air  through  small  ojieniugs  ;  and, 
by  some  ingenious  alterations,  made  an  effective  machine.  The  hydraulic 
air-jnimp,  sometimes  used  in  mines,  is  useful  on  a  small  scale.^  Norton's 
air-pump  %^eiitilator  is  another  form. 

The  pujikali  used  in  India  is  another  mechanical  agent  witli  a  similar 
though  more  imperfect  action,  lAlien  a  punkah  is  pulled  in  a  room  open  on 
all  i^ides,  it  will  force  out  a  portion  of  air,  the  place  of  which  will  be  at  once 
supplied  by  air  rushing  in  with  greater  or  less  rapidity  from  all  points.  I 
the  punkah  can  be  moistened  in  any  way,  its  cooling  effect  is  considerable 
In  ^loorsom's  punkali  a  wheel  turned  by  a  bullock  botli  moves  the  punkah 
and  elevates  water,  which  then  passes  along  the  top  of  the  punkah,  and 
flows  down  it :  it  has,  however,  never  been  taken  into  general  use. 

The  advantiiges  of  ventdation  by  propulsion  are  its  certainty,  and  the 
ease  with  which  the  amount  thrown  in  can  be  altered.  Tlie  stream  of  air 
can  be  Uiktm  from  any  point,  and  can,  if  necessary,  be  washed  by  passing 
through  a  thin  tdm  of  water,  or  through  a  tliin  screen  of  moisteiied  cotton, 
and  ctin  lie  warmed  or  cooled  at  pleasure  to  any  degree.  In  fact,  the  en- 
gineer can  introduce  into  this  operation  tlie  precision  of  nimlem  science. 

The  disadvantages  are  the  greut  cost,  the  chances  of  the  engine  breaking 

I  On  Ou  SmoktUsM  FirtplQ£€,  by  NcU  Amott,  M.D.,  F.R.S,,  4t<?,,  1$56,  p,  162  J  and  in 
otbvr  pnblicjibons. 
•J  Ure'a  DictUmttfy,  1876^  vol  la  p.  1064. 


down,  and  some  difficulties  in  distribution.  If  the  air  enter  through  small 
openings,  at  a  high  velocity,  it  will  make  its  way  to  the  outlets  without 
mixing.     The  method  requires,  therefore,  great  attention  in  detail 

SECTIOJS"  IV. 

l  RELATIVE  VALUE  OF  NATURAL  AND  ARTIFICIAL 

I  VEKTILATION. 

CircumBtances  differ  so  widely,  that  it  m  impossible  to  select  one  system  in 
[^reference  to  all  others.  In  temperate  climates,  in  most  cases,  e^specially  for 
dwelling-houses,  barracks,  and  hospitals,  natural  ventilation,  with  such 
jxiwei-s  of  extraction  as  can  be  grjt  by  utilising  the  soiut^es  of  warming  and 
Hghting,  is  the  best.  Incessant  moveiiicnt  of  the  air  is  a  law  of  nature. 
We  have  only  to  allow  the  air  in  our  citioxS  and  dwellings  to  take  share  in 
this  constant  cliange,  and  ventilation  will  go  on  uninterruptedl}'  mthout 
our  care. 

In  some  circumstances,  however,  as  in  the  trtjpics,  with  a  stagnant  and 
warm  air ;  and  in  temperate  chmates,  in  certain  buildings  where  tliere  are 
a  great  number  of  small  rouuLs,  or  where  sudden  assemblages  of  people  take 
place,  mechanical  veutilatittn  must  be  used.  So  much  may  be  said  lioth  for 
the  system  f^f  extraction  and  propulsion  under  certain  circumstiuices,  that 
it  is  impossible  t^^^)  give  an  abstract  prefcreuce  to  one  over  the  other.  In 
fact,  it  is  evident  that  tlie  si>eeiHl  conditions  of  the  ciise  must  determine  the 
choice,  and  we  must  Irjok  more  to  tlie  amoimt  of  air,  and  the  method  of 
distribution,  tlian  to  the  actual  s^>urce  of  the  moving  power.  But  in  eitlier 
case  the  greatest  engineering  skill  is  necessary  in  tlie  arrangement  of  tubes, 
the  supply  of  fresh  air,  ^n.  Tlie  danger  of  contamination  of  air  as  it  passes 
through  long  tubes,  and  the  immense  friction  it  meets  with,  nnist  not  be 
overlooked.  For  hospitals,  natimd  ventilation  certainly  seems  the  proper 
plan.  The  cost  of  the  various  plam*?  will  dejiend  entirely  on  circumstances, 
the  nature  of  the  building,  the  price  of  materials,  coal,  &c.  On  the  whole, 
the  plans  of  ventilating  imd  warming  l)y  hot- water  pipes,  and  Van  Hecke's 
plan,  are  cheaper  than  the  method  hy  propulsion  hy  means  of  a  large 
fan ;  l»ut  the  hitter  gives  us  a  method  which  is  more  under  engineering 
cjontrol,  and  is  better  adapted  for  hot  climates  when  it  Ls  desired  to  cool 
the  air. 

Comparing  two  sets  of  schools  in  Dundee,  Camelley,  Haldane,  and  Ander- 
son ^  have  shown  that  mechanical  ventilation  has  the  advantage.  In 
natumlly  ventdated  scbtjols,  the  average  amount  of  CO2  was  186  per  1000 
vuls.,  the  orgimic  matter  16*2  (vols,  oxygen  required  per  million  vols,  of  airX 
and  the  micro-organisms  152  per  litre :  whOe  in  mechiuiically  ventilated 
schools,  the  CO.^  was  1*23,  the  organic  matter  10*1,  and  the  micro-orgimisms 
16"6 :  and  notwithstanding  this  greater  purity  of  the  air,  the  temperature 
was  considerably  higher  in  the  latter.  The  incoming  air  is  warmed  by  being 
driven  by  means  of  fans  over  hot  pipe^  and  then  delivered  into  the  rooms, 
ftliout  5  feet  fiviim  the  floor,  through  shallow  broad  openings ;  the  outgoing 
air  is  drawn  up  from  apertures  about  2  feet  from  the  floor  into  a  chamber  in 
the  i-oof,  and  thence  out  through  valved  louvres.  The  mean  delivery  of  air 
(calculated  from  the  COj,)  in  the  mechanically  ventilated  rooms  was  670 
cubic  feet  per  head  per  houi,— in  those  naturally  ventilated,  only  400 ;  the 


>  PkiL  Trans.,  loc.  cCi, 
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range  in  the  former  being  from  375  to  1680,  and  in  the  latter  from  175  to 
1370.     In  neither  case,  however,  was  the  ventilation  very  good. 


SECTION  V. 
EXAMINATION  OF  THE  SUFFICIENCY  OF  VENTILATION. 

The  sufficiency  of  ventilation  should  be  examined — 

Isty  By  determining  the  amount  of  cubic  space  and  floor  space  assigned  to 
each  person,  and  their  relation  to  each  other,  and  by  determining  the 
amount  of  movement  of  the  air,  or,  in  other  words,  the  number  of  cubic 
feet  of  fresh  air  which  each  person  receives  per  hour. 

2ndy  By  examining  the  air  by  the  senses,  and  by  chemical,  biological, 
and  mechanical  methods,  so  as  to  determine  the  presence,  and,  if  possible, 
the  amounts  and  characters  of  suspended  matters,  including  micro-organisms, 
organic  vapour,  carbon  dioxide,  hydrogen  sulphide,  wateiy  vapour,  am- 
monia, &c. 

Sub-Section  I. — Mbasuremknt  of  Cubic  Spacb.^ 

The  three  dimensions  of  length,  breadth,  and  height  are  simply  multiplied 
into  each  other.  If  a  room  is  square  or  oblong,  with  a  flat  ceiling,  there  is, 
of  course,  no  difficulty  in  doing  this,  but  frequently  rooms  are  of  irregular 
form,  with  angles,  projections,  half -circles,  or  segments  of  circles.  In  such 
cases  the  rules  for  the  measurement  of  the  areas  of  circles,  segments,  triangles, 
&c.,  must  be  used.  By  means  of  these,  and  by  dividing  the  room  into 
several  parts,  as  it  were,  so  as  to  measure  first  one  and  then  another,  no 
difficulty  will  be  felt.  After  the  room  has  been  measured,  recesses  containing 
air  shotdd  be  measured,  and  added  to  the  amount  of  cubic  space ;  and,  on 
the  other  hand,  solid  projections,  and  solid  masses  of  furniture,  cupboards, 
&c.,  must  be  measured,  and  their  cubic  contents  (which  take  the  place  of 
air)  deducted  from  the  cubic  space  already  determined.  The  bedding  also 
occupies  a  certain  amount  of  space;  a  soldier^s  hospital  mattress,  pillow, 
three  blankets,  one  coverlet,  and  two  sheets,  will  occupy  almost  10  cubic 
feet — about  7  if  tightly  rolled  up.  It  is  seldom  necessary  to  make  any 
deduction  for  tables,  chairs,  and  iron  bedsteads,  or  small  boxes,  or  to 
reduce  the  temperature  of  the  air  to  standard  temperature,  as  is  sometimes 
done. 

A  deduction  may  be  made,  however,  for  the  bodies  of  persons  living  in  the 
room ;  a  man  of  ordinary  size  may  take  the  place  of  about  2  J  to  4  cubic  feet 
of  air  (say  3  for  the  average).  The  weight  of  a  man  in  stones,  divided  by  4, 
gives  the  cubic  feet  he  occupies.  Thus  a  man  weighing  12  stones  occupies 
3  cubic  feet. 

In  linear  measurement,  it  is  always  convenient  to  measure  in  feet 
and  decimals   of  a  foot,  and  not  in  feet  and  inches.^     If  square  inches 


^  For  tables  of  useful  measures,  see  Appendix. 
«  The  following  table  may  be  found  convenient :— 


Inches. 

Ui 

Bcunai  parts  ox 
afoot. 

Inches. 

12 

zz 

1-00 

6 

11 

z= 

0-92 

5 

10 

zz 

0-88 

4 

9 

=r 

0-76 

3 

8 

= 

0-67 

2 

7 

= 

0-58 

1 

Decimal  parts  of 
a  foou 
0-50 
0-42 
0-83 
0-26 
0-17 
0-08 
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are  meastired,  they  may  be  turned  into  square  feet  by  multiplying  by 
0-007. 

Rules— ^rca  or  Superficies. 

=  D*  X    7854  (or  nr*,  where  r  is  the  radius). 

-C»x   -0796  (or  ^Y 

-D  X  8-1416  (ir2r). 

-C  •^8•U16(--5.^o^C-x•3188. 

'Multiply  the  product  of  the  two  diameters  by 

7764  (^). 
'Multiply   half   sum  of  the  two   diameters    by 
3-1416    jir^-?|. 

{Square  one  of  the  sides,  or  multiply  any  two  sides 
into  each  other. 
^  J  Multiply    two    sides    perpendicular     to     each 
""  \     other. 

!Base     X  ^  height,  or 
Height  X I  base. 


Area  of  circle,    . 

»i  >i        •         • 

(Hrcwmferenee  ofdrcU, 
Diameter  ofcirdCy 

Area  ofelUpse,  • 

Circumference  of  ellipse^     . 

Area  of  a  aquare^ 
Area  of  a  rectangle^    . 
Area  of  a  triangle^ 


Fig.  88 


Area  of  a  parallelogram. 


-     Divide  into  two  triangles  by  a  diagonal,  and  take 
sum  of  the  areas  of  the  two  triangles. 


/ 


/TT 


L 


7\ 


Fig.  34. 
Any  figure  hounded  hy  right  lines,  -» 


Fig.  86. 

Divide  into  triangles,  and  take  the  sum  of  their 
areas. 


Area  of  segmjeni  of  circle. 


To   I  of  product  of  chord  and  height  add   the 
cube  of  the  height  divided  by  twice  the  chord 
H3 


Fig.  36. 


(Ch  X  H  x§)  + 


2Ch' 


Cvihic  Capacity  of  a  Cube  or  a  Solid  Rectangle. — Multiply  together  the  three  dimensions, 
length,  bi*eadth,  and  height. 

Cubic  Capacity  of  a  Solid  Triangle. — Area  of  section  (triangle)  multiplied  by  depth. 

Cubic  Capacity  of  a  Cone  or  Pyramid. — Area  of  base  x  J  height 

Cubic  Capacity  of  a  Lome. — Two-thirds  of  the  product  of  the  area  of  the  base  multi- 
plied by  the  height  (area  of  base  x  height  x  |). 

Cubic  Capajcity  of  a  Cylinder, — Area  of  base  x  height 

Cubic  Capacity  of  a  Sphere.^Tfix'b2Z%(oY^^\ 

The  cubic  capacity  of  a  bell-tent  may  be  taken  as  that  of  a  cone  resting  on 
a  short  cylinder. 
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The  cubic  capacity  of  an  hospital  marquee  muist  be  got  by  dividing  the 
marquee  into  several  parts — 1st,  into  body ;  and,  2nd,  roof : — 

1.  Body,  as  a  solid  rectangle,  with  a  half  cylinder  at  each  end. 

2.  Roof,  solid  triangle,  and  ttiro  half  cones. 

The  total  number  of  cubic  feet,  with  additions  and  deductions  all  made, 
must  then  be  divided  by  the  number  of  persons  living  in  the  room ;  the 
result  LB  the  cubic  space  per  head;  whilst  the  total  area  of  floor  space 
divided  by  the  number  of  persons  gives  the  floor  space  per  head,  which 
should  be  as  near  as  possible  ^  of  the  cubic  space. 

Sub-Section  II. — Movbment  op  Air  in  the  Eoom. 
The  direction  of  movement  must  first  be  determined,  and  then  its  rate. 

1.   DIRECrnCN   OF  liOVEHBNT. 

First  enumerate  the  various  openings  in  the  room — doors,  windows,  chim- 
ney, special  openings,  and  tubes — and  consider  which  is  likely  to  be  the 
direction  of  movement,  and  whether  there  is  a  possibility  of  thorough 
movement  of  the  air.  Then,  if  it  is  not  necessary  to  consider  further  any 
movement  through  open  doors  or  windows,  close  all  these,  and  examine 
the  movements  through  the  other  openings.  This  is  best  done  by  smoke 
disengaged  from  smouldering  cotton-velvet,  and  less  perfectly  by  small 
balloons,  light  pieces  of  paper,  feathers,  &c.  The  flame  of  a  candle,  which 
is  often  used,  is  only  moved  by  strong  currents.  It  may  be  generally  taken 
for  granted  that  one-half  of  the  openings  in  a  room  will  admit  fresh  air,  and 
half  will  be  outlets.  But  this  is  not  invariable,  as  a  strong  outlet,  like  a 
chimney,  may  draw  air  through  an  inlet  of  far  greater  area  than  itself,  or 
may  draw  it  through  a  much  smaller  area  with  an  increased  rapidity. 

2.   RATE  OF   MOVEMENT. 

The  direction  being  known,  it  is  only  necessary  to  measure  the  discharge 
through  the  outlets,  as  a  corresponding  quantity  of  fresh  air  must  enter. 

By  the  Anemometer, — This  is  best  done  by  an  anemometer,  or  air-meter, 
of  which  there  are  several  in  the  market.  The  one  commonly  used  is  in 
principle  that  invented  by  Combes  in  1838 :  four  little  sails,  driven  by  the 
moving  air,  turn  an  axis  with  an  endless  screw,  which  itself  turns  some 
small  toothed  wheels,  which  indicate  the  number  of  revolutions  of  the  axis, 
and  consequently  the  space  traversed  by  the  sails  in  a  given  time,  say  one 
minute.  M.  Neumann,  of  Paris,  modified  this  anemometer  by  omitting 
most  of  the  wheels,  and  introducing  a  delicate  watchmaker's  spring,  which 
opposes  the  force  of  the  wind,  and,  when  it  equals  it,  brings  the  sails  to  a 
stand-still.  By  a  careful  graduation  (which  must  be  done  for  each  instru- 
ment), the  rate  per  second  is  determined,  and  is  indicated  by  a  small  dial 
and  index. 

Mr  Casella,  of  Holbom,  at  the  suggestion  of  the  late  Dr  Parkes,  modified 
and  improved  this  instrument,  and  adapted  it  to  English  measures.  A  very 
beautiful  instrument  is  thus  available  by  which  the  movement  of  air  can 
be  measured  approximately  very  readily.^ 

Casella's  air-meter  is  thus  used : — Being  set  at  the  zero  point,  or  the  read- 
ing of  the  instnmient  at  the  time  being  recorded,  it  is  placed  in  the  current 

1  Mr  Saxon  Snell  has  pointed  out  some  sources  of  errors  in  the  use  of  this  instrument  as 
regards  the  positive  observations,  but  these  are  less  important  when  the  observations  are 
comparative. 
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of  the  air ;  if  it  m  placexi  in  a  tulje  or  shaft,  it  should  be  put  well  la,  bu 
not  t|uite  in  the  centre,  as  tlie  central  vehx'itj  is  always  greater  than 
of  the  siilo ;  a  point  about  two-fifths  from  the  aides  of  the  tube  will  give" 
the  mean  velocity.  The  time  when  the  sails  begin  to  move  is  aecuratehr 
noted,  and  then,  after  a  given  time,  the  instrument  is  removed^  and  the  move- 
ment in  the  time  noted,  is  given  by  the  dial.  A  correction  Is  then  made, 
and  the  linear  dijscharge  is  obtaineii.^  If  tliis  linear  discharge  in  multiplied 
by  tlie  sectfon  area  of  the  tul>e  or  o|>ening  (expressed  in  feet  nr  defumalxS  of 
a  frw>t),  the  cvibic  discharge  is  obtained.  If  tlie  current  varies  in  intensity, 
the  movement  should  be  taken  several  times,  and  the  mean  calculated ;  and 
if  the  tube  is  so  small  that  the  sails  approach  closely  to  the  circumference^ 
tlie  results  cannot  be  depended  on.  If  placed  at  tlie  moutli  of  a  tube, 
often  indicates  a  much  feebler  current  than  really  exists  in  the  tube. 

Table  to  »how  tht  Vehciijf  of  A  ir  in  Imear/eet  per  minute,  CkdculaUd  from  Jf< 
formula;  the  expansicm  of  air  being  iaken  a*  0'O(3/2  for  each  degree  Fahrenheit, 
fbuHh  being  dedxLded  for  friciion.    {Round  nxanhers  have  been  Uii^n.) 
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To  use  tlie  table,  tleterndiie  tb«  lieight  of  the  warm  colwmn  of  air  from  the  i>oiDt  of  entrance 
to  th«  poiiJt  of  dis^barge.  A§oerUuu  the  difference  Iwtween  it«  tempemtun?  ntitl  that  of  th« 
eidemal  jiir.  Take  out  number  from  Table,  and  multiply  by  the  section -area  of  the  diacbarge- 
tnbe  or  opcoing,  in  fe«t  or  ilecimak  of  a  foot.  Tli«  result  is  the  dischiirge  in  cubic  foet  per 
minute^  multiply  by  60 — result,  disobaige  per  hour,  ^a-am/j/r.— Height  of  column,  S2  feot; 
diflerenoe  of  temperature  between  internal  and  external  tiir,  17  deg.  Looking  in  the  table,  w« 
And  opposite  to  3*2  aud  under  17^  375  feet     That  woul<i  be  for  an  fire^i  of  1  square  foot> 

But  supposing  our  lur  opening  to  l?e  oulv  |  of  u  loot,  we  must  multiply  375  by  i — thus* 

S75x  75=281 -25.    Thertfore  we  get  281  fe^t  (per  r'-  ^  "  ^^1..%.-  *  *     *•>.    ,^  ^-«  ,   . 

hour. 


Therefore  we  get  281  fe^t  (per  oiinute),  multiplied  by  6b= 16,860  feet  par 


^  All  instruments  reqcure  correction^  as  they  never  give  the  whole  of  the  velocity.  Orea^ 
£sam  mast  be  taken  to  ascertain  that  the  correction  has  been  accurately  determined,  and  the^ 
shotdd  be  frequently  compared  wit^  a  ttandKcd  m£lramc;nt« 
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The  cubic  discharge  per  minute  being  known,  the  amount  per  hour  is  got 
by  multiplying  by  60,  and  this  divided  by  the  number  of  persons  in  the 
room,  gives  the  discharge  per  head  for  that  particular  aperture. 

An  anemometer  on  a  larger  scale  is  fixed  in  some  of  the  large  outlets  of 
the  Pans  hospitals,  showing  the  movement  at  every  moment  by  means  of  an 
index  and  dial.^ 

By  the  Manometer, — Dr  Sanderson  has  made  an  ingenious  alteration  of  a 

manometer  described  by  P^let,  which  can  also  be  employed  to  measure  the 

pressure,  and,  by  calculation,  the  velocity,  of  the  air.     The  current  of  air  is 

allowed  to  impinge  on  a  surface  of  water,  and  the  height  to  which  the  water 

is  driven  up  a  tube  of  known  inclination  and  size  gives  at  once  a  measure  of 

force.    But,  as  necessitating  a  little  calculation,  this  instrument  is  less  useful 

than  the  anemometer,  though  it  is  adapted  for  cases  where  the  anemometer 

cannot  be  used,  as  it  may  be  connected  by  a  long  tube  with  a  distant  room, 

and  probably  would  be  well  fitted  to  measure  constantly  the  velocity  in  an 

extraction  shaft. 

In  measuring  the  movement  of  the  air  in  chimneys,  or  places  where  either 
the  heat  or  the  dust  would  injure  the  air-meter,  a  manometer  must  be  used. 
Mr  Fletcher  describes  what  appears  to  be  a  good  one.^ 

By  Calculcdion, — Supposing  the  external  air  is  tranquil,  and  that  the  only 
cause  of  movement  is  the  unequal  weights  of  the  external  colder  and  the 
internal  warmer  air,  the  amount  of  discharge  may  be  approximately  obtained 
by  the  law  of  Montgolfier,  already  given.  There  is  a  fallacy,  however,  as  the 
amount  of  friction  can  never  be  precisely  known.  Still,  as  an  approximation, 
and  in  the  absence  of  an  anemometer,  the  rule  is  useful ;  and  the  accompany- 
ing table  (p.  218)  has  therefore  been  calculated. 

On  testing  this  table,  however,  by  the  air-meter,  it  has  been  found  to  give 
too  much  when  the  tubes  are  long,  on  account  of  the  great  friction,  and  it 
is  therefore  advisable  to  make  a  further  deduction  of  ^th  when  the  shaft  or 
tube  is  lon^  and  is  at  the  same  time  of  small  diameter.  If  the  tube  h£is  any 
angles,  or  is  curved,  this  table  is  too  imperfect  to  be  used,  unless  attention 
he  paid  to  the  correction  for  friction  already  noted. 

If  the  movement  of  the  external  air  influences  the  movement  in  the  room, 
as  when  the  wind  blows  through  openings,  calculation  is  useless,  and  the 
anemometer  only  can  be  depended  on. 

*  P^det,  De  la  ChdUur^  t.  i.  p.  171,  where  the  descrintion  will  be  found. 

*  Fifth  Annual  Report  qf  the  Inspector  under  the  Alkali  Act,  Blue  Book. 


CHAPTER  VI. 
HABITATIONS. 

Whobvbb  considers  carefully  the  record  of  the  mediffival  epidemics,  and 
seeks  to  interpret  them  by  our  present  knowledge  of  the  causes  of  disease, 
will  surely  become  convinced  that  one  great  reason  why  those  epidemics  were 
so  frequent  and  so  fatal  was  the  compression  of  the  population  in  faulty 
habitations.  Hi-contrived  and  closely  packed  houses,  with  narrow  streets, 
often  made  winding  for  the  purposes  of  defence ;  a  very  poor  supply  of  water, 
and  therefore  a  universal  imcleanliness ;  a  want  of  all  appliances  for  the 
removal  of  excreta ;  a  population  of  rude,  careless,  and  gross  habits,  living 
often  on  innutritions  food,  and  frequently  exposed  to  famine  from  their 
imperfect  system  of  tillage, — such  were  the  conditions  which  almost  through- 
out the  whole  of  Europe  enabled  diseases  to  attain  a  range,  and  to  display 
a  virulence,  of  which  we  have  now  scarcely  a  conception.  The  more  these 
matters  are  examined,  the  more  shall  we  be  convinced  that  we  must  look, 
not  to  grand  cosmical  conditions ;  not  to  earthquakes,  comets,  or  mysterious 
waves  of  an  imseen  and  poisonous  air ;  not  to  recondite  epidemic  constitu- 
tions, but  to  simple,  familiar,  and  household  conditions,  to  explain  the  spread 
and  fatality  of  the  medieval  plagues. 

SECTION  I. 

GENERAL  CONDITIONS  OF  HEALTH. 

The  diseases  arising  from  faulty  habitations  are  in  great  measure,  perhaps 
entirely,  the  diseases  of  impure  air.  The  site  may  be  at  fault ;  and  from  a 
moist  and  malarious  soil  excess  of  water  and  organic  emanations  may  pass 
into  the  house.  Or  ventilation  may  be  imperfect,  and  the  exhalations  of  a 
crowded  population  may  accumulate  and  putrefy  ;  or  the  excretions  may  be 
allowed  to  remain  in  or  near  the  house;  or  a  general  uncleanliness,  from 
want  of  water,  may  cause  a  persistent  contamination  of  the  air.  And,  on 
the  contrary,  these  five  conditions  insure  healthy  habitations : — 

1.  A  site  dry  and  not  malarious,  and  an  aspect  which  gives  light  and 

cheerfiilness. 

2.  A  pure  supply  and  proper  removal  of  water ;  by  means  of  which 

perfect  cleanliness  of  all  parts  of  the  house  can  be  insured. 

3.  A  system  of  immediate  and  perfect  sewage  removal,  which  renders 

it  impossible  that  the  air  or  water  shall  be  contaminated  from 
excreta. 

4.  A  system  of  ventilation  which  carries  off  all  respiratoiy  impurities. 

5.  A  condition  of  house  construction  which  insures  perfect  dryness  of 

the  foundation,  walls,  and  roof. 
In  other  words,  perfect  purity  and  cleanliness  of  the  air  are  the  objects  to 
be  attained.     This  is  the  fundamental  and  paramount  condition  of  healthy 
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habitations ;  and  it  must  over-ride  all  other  conditions.  After  it  has  been 
attained,  the  architect  must  engraft  on  it  the  other  conditions  of  comfort, 
convenience,  and  beauty. 

The  in(|uiriea  which  have  heen  made  for  many  years  in  England  have 
shown  how  hadjy  the  poorer  classes  are  lodged,  hoth  in  town  and  country, 
and  how  iii'gent  ia  the  necessity  for  improvement.  Vaiious  Acts  ^  have  been 
passed  for  the  purpose  of  imprx>ving  the  condition  of  the*  dwelhngs  of  the 
working  classes,  but  either  from  lack  of  energy  in  carrying  out  their 
provisions,  or  from  the  difficulty  of  proving  that  a  dwelling  is  injurious  to 
health  unless  it  is  in  extremely  bad  condition,  these  Acts  have  had  only 
partial  effect. 

Up  to  a  certain  point,  there  is  no  difficulty  in  insuring  that  a  small  house 
shall  he  as  healthy  as  a  large  one.  The  site  and  foundations  can  he  nia*le 
as  dry,  the  drains  as  well  arranged,  the  walls  and  Foof  as  sound,  and  the 
water  supply  as  good,  as  in  a  house  of  much  larger  rentiil.  In  fact,  in  one 
respexit,  the  houses  of  the  jwjur  are  tjften  superior  to  those  of  the  ricli,  for  the 
sewers  do  not  open  directly  int^j  the  housen,  and  sewer  air  is  not  breathed 
during  the  night.  But  the  difficulties  in  the  houses  of  the  pool^er  are  the  over- 
crowding and  the  impregnation  of  the  walls  with  foid  effluvia  and  deposits. 
Considemtions  of  cost  will  probably  always  prevent  our  poor  class  of  houses 
from  havmg  sufficient  floor  and  cubic  space.  The^e  two  special  difficulties 
must  be  met  by  improved  means  of  warming  and  ventUationj  ^md  by  covermg 
tlie  mterior  walls  with  a  cement  which  is  non'ahsorl)€nt,  and  which  can  be 
washed.  Perhaps,  also,  iraprovenients  in  using  concrete,  or  other  plans,  will 
eventtially  »<:»  leissen  the  cost  of  building  that  larger  rooms  can  he  given  for 
Ae  same  rental,  and  the  p<xir  be  taught  to  prize  tlie  boon  of  an  abundant 
ifiowance  of  air,  and  not  to  seek  to  lessen  it  by  crowding  and  underletting. 

Dryness  of  the  foundation  and  walls  of  a  house  is  secured  hy  draining  the 
sulj«tiilj  4  to  9  feet  below  the  fomidation,-  and,  in  very  wet  clay  soil,  by 
paving  or  cementing  under  the  entire  house.  The  walls  are  kept  dry  by 
being  embedded  in  concrete^  which  is  brought  up  to  the  ground  level,  or  by 
the  insertion  in  the  walls  themseives  of  a  waterproof  course  of  slate,  asphalt, 
or,  what  is  better,  of  ventilating  vitrified  thin  bricks  bedded  in  cement  (as 
devised  by  Mr  Taylor). 

On  wet,  damp  soils,  when  a  house  has  no  cellar,  the  flooring  «iught  to  l>e 
raised  2  feet  above  the  groimd,  and  the  space  belr>w  should  hi'  well  ventilated. 
In  tlie  trtjpicd,  the  houses  are  often  raised  on  ai-ches  3  to  5  feet  above  the 
ground.  If  this  plan  were  universitl,  it  would  vastly  improve  the  health  of 
the  comnuinit)' .  iJryness  of  walls  is  best  secured  hy  hollow  walls,^  or  coat- 
ing the  Widls  wilh  cement,  which  is  kept  painted,  or  with  slates.  Terra- 
cotta slabs  have  been  used,  and  liquid  prej^winitions  (chiefly  alkaline  silicates) 
have  been  brusbwl  over  the  surface  of  brick  and  stone.  Bricks  are  often 
extremely  porous,*  and  a  brick  wall  ivill  ftbaorb  maiiy  gallons  of  water.^ 

1  These  itrc  now  all  codiflyJ  itt  the  Housing  qf  the  Working  Clauef  Act,  18SK).  8ee 
Also  Public  Health  Aet^  187S,  wid  aniendnitjats  »abse<iuontly. 

>  Even  the  wi&lls  of  old  rickety  cotUges  mAj  be  taoroaghly  dried  by  thi«  m«ftBB  (Itogon 
Field). 

*  Jtmuiiigs*  patent  boadiue  brick  is  n  good  pUn  for  peveDlin^  moUture  po&etrfttiiig  fk^oi 
the  oater  to  tUiB  inner  akin  of  a  hoUovr  vail.  It  is  a  holloWp  vitntied  brlck^  curved  upwards  at 
an  angle  of  45%  m  that  no  water  can  paas  along  tt^ 

*  ^  ordiaary  briok  will  hold  al>out  16  02.  of  water,  and  oue  square  foot  of  brickwork  9 
inches  thick  win  hold  6  g^&llous. 

*  Bricks  imtHirlcctly  burned  on  the  outside  of  the  kiln  are  termed  Place,  or  f?nmc!,  or 
Sondel  brickn.  They  absorb  much  watar.  The  sun-dried  bricks  of  India  are  ver>'  ^ 
abaorb  water  from  the  air.     !^iiy  saadstouea  are  very  porous  ;  water  beats  int" 

riaea  high  by  capillary  attraction.    Lime  inad^  from  chalk  absorbs  water.     Vi&h  \h  ^.v^i.tM,^-^^-! 
earth,  and^  unleaa  covered  with  cement,  ia  nioiHt, 
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Dryness  of  the  roof  should  be  carefully  looked  to  in  every  case,  as  water 
often  gets  to  the  walls  through  a  luid  roof,  and  the  whole  house  heconiea 
damp. 

Tlie  condition  of  the  collars,  if  they  exist,  requires  attention,  as  the  air 
of  the  house  k  often  drawn  directly  from  them.  They  should  he  dry,  and 
thriroughly  well  vpntilated,  and  the  house  pipes,  if  they  rim  down  to 
the  basement,  should  always  hv  imcovered  so  as  to  he  easily  inspected, 
and  any  bad-iitting  joint  or  crack,  or  imperfect  trap,  if  there  be  one  inside 
the  house,  at  onec  remedied.  Basement  floors  should  have  outside  areas  or 
dry  passages  between  the  gronnd  and  their  walls. 

The  carrying  off  of  rain-water,  so  as  not  to  sink  into  the  ground  near  the 
_house,  is  a  matter  of  importance, 

"  Pugging/'  whicdi  is  now  used  between  the  floors  and  ceDings  to  deaden 
bund,  and  which  harbours  dirt  of  all  kinds,  might  be  replaced  by  tsoim^ 
material  such  as  silicate  cotton,  which  has  not  the  same  objectionable  quali- 
ties. 

The  other  paints  which  are  necessary  to  secure  a  healthy  house  are 
discussed  in  their  respective  chapters. 

In  examining  a  house  to  discover  the  soiirces  of  unheal thiness,  it  is  best 
to  begin  at  the  foundation,  and  to  consider  first  the  site  and  basements,  then 
the  living  and  sleei>ing  rooms  (as  to  size,  cubic  contents,  and  number 
of  persons,  and  condition  of  walls  and  floors),  ventilation,  water  supply,  and 
plans  of  waste-water  and  sewage  removal,  in  regiUar  order. 

The  foUowing  memorandum  as  to  the  way  in  which  engineers  examine  a 
house  was  kindly  furnished  by  the  late  ^Ir  William  Ea&sie^  C.E.: — 


memoeandum: 

WTuU  «f  viuailtf  dcru  %  Sanitary  Engiiuent  when  inspeding  a  Mau^, 

f.Sanitiiry  ftigineers  consider  that  an  unusual  smell  is  generally  the  Urst  evidence  of 
waetbing  wrong,  and  that,  trae*<l  to  its  source,  tlio  evil  is  half  cured.  Tbry  inajvect  fifflt 
the  dnkina^  arrangemeDts.  If  the  hasement  genemlly  sinells  ofleusive,  they  se4U^h  for 
a  leoking  drftiii*pip«,  t*«.^  a  pij>e  badly  jointed  or  broken  by  sett  lenient,  and  these  will 
aften  show  themselves  by  a  diinipnesa  of  the  paving  around.  If,  upon  inquiry^  it  turnn 
oat  that  rata  are  often  »e«o,  they  come  to  the  lonchisioD  that  the  hoase  drain  i»  in  direct 
commQDicatiou  with  the  sewer,  or  some  old  brick  barrel-drain,  and  therefore  examine 
tlje  trap^  iind  l<md  benda  which  join  the  drain-pipes  to  see  if  they  are  goawed  or  faulty. 
If  the  smell  arises  from  any  particular  Biiik  or  irnp,  it  m  plain  to  them  that  there  ia  no 
ventilation  of  the  drain^  and  more  especially  no  diaconnectiou  between  the  hoUEie  and 
the  acwer,  or  no  rta^t-trap  at  the  house-drain  delivery  into  the  sewer.  If  a  oountiy  houae 
he  under  examination,  a  smell  at  the  sink  will,  in  nearly  every  case,  bo  traeed  to  an 
iinventilatiBd  cesspool  ;  and,  in  o|)enin^'  tip  the  drain  under  the  sinlc^  in  Huch  a  state  of 
things,  they  will  ttike  care  that  a  candle  is  not  brought  near,  so  aa  to  caaw  an  cxploaion. 
If  the  trup  is  full  of  fool  black  wnter,  inipreLmatcd  with  seWL*r  air,  they  jiartly  account 
for  the  smell  by  the  neglect  of  flushing.  If  the  sink,  and  kitchen,  and'  scullery  wastes 
are  in  good  order,  and  the  smell  ia  still  obftervablt^  they  ae&rch  the  other  c>ellur  rooms,  »nd 
frequently  Iind  an  old  floor-trap  without  wider,  broken  and  open  to  the  drain.  If  the 
Kaeli  be  animoniacal  in  character,  they  truce  the  Htabk'-drulns  and  »ee  if  they  lead  into 
the  mine  pit,  and  if  so,  argue  a  weak  pipe  on  the  route,  especially  if,  as  in  some  London 
niaDsIons,  the  stable-drains  nm  from  the  mews  at  the  back,  through  tlie  house,  to  tlie 
front  street  sewer. 

Should  a  bad  persieteot  atnell  be  complained  of  mostly  in  the  bedroom  floor,  they  aeek 
for  an  uu trapped  or  defective  closet,  a  burst  soil  pipe,  a  had  jnnction  betwiien  the 
lead  and  the  cast-iron  portion  of  the  soibpipo  behind  the  casings,  Ac,  or  an  improper 
connection  with  the  dram  below.  They  will  examine  how  thu  soil-pipe  is  jointed  there, 
and,  if  the  joint  be  inside  the  house,  will  carefully  attend  to  it.  They  will  also  remove 
the  cloaet  fr&ming,  and  ascertain  if  any  tilth  has  overflowed  and  saturated  tho  flooring,  or 
if  the  safe  underneath  the  apparatus  be  full  of  any  liquid.  If  the  smell  be  only  occasional, 
they  conclude  that  it  has  arisen  when  tho  closet  handle  has  been  lifted  in  ordinary  usti 
or  to  empty  alops,  and  satisfy  themaelves  that  the  soil-pipe  is  unveutilated.     They,  moi*e- 
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overi  examinis  the  batb  and  lavatory  waate-pipes,  if  they  are  anttapped,  and,  if  trapped 
by  a  Hgmoidal  bend,  whetlier  the  trapping  water  is  not  always  withdrawn  owinj?  to  the 
avpboii  fiction  ia  the  fulUmnnme  pipe.  They  will  trace  all  these  waterpiij^a  down  to 
the  aewer,  ascerUin  if  ihoy  wrongly  enter  the  soil-pipe,  the  closet- trap,  or  a  rain-water 
pipe  in  connection  with  tlit'  sewer. 

If  the  stmell  be  perceived  for  the  most  part  in  the  attics,  and,  &b  they  consider,  scarcely 
attributable  to  any  of  the  foregoing  eviia,  they  will  aee  whether  or  not  the  rain-water 
piftes,  which  terminate  in  the  gutters^  are  solely  acting  as  drain  veiitiktors,  and  blowing 
into  the  doraicr  windows.  They  will  also  examine  the  cistema  of  rain-water,  if  there  l>e 
any  in  the  other  iwrtions  of  the  attica,  as  very  often  they  are  fall  of  putridity, 

A  alight  edcape  of  impure  air  from  the  drains  may  be  difficult  to  detect,  and  the  sniell 
may  be  attributed  to  want  of  ventilation^  or  a  complication  of  matters  may  arise  from  a 
slight  escape  of  gaa.  Neither  are  all  dangerous  smells  of  a  foul  miture,  as  tliere  is  a  close 
flweet  smell  which  is  even  worse.  Should  the  drains  and  doubtful  placets  have  been  pre- 
TioQsly  treated  by  the  inmates  to  strongly  amelling  disiufect4int^,  or  the  vermin  killed  by 
poison,  the  inspectors  of  nuisances  will  find  it  difficult  to  separate  the  smells.  In  such  a 
ca«c,  however,  they  will  examino  the  state  of  the  ground  luider  the  baaeuieut  flooring, 
and  feel  certain  that  there  are  no  disused  cesspoola,  or  any  sewage  saturation  of  any  sort. 
They  will  also  ascertain  if  there  be  any  stoppage  in  the  drain  pipes,  hy  taking  ui>  a  yard 
trap  in  the  line  of  the  drain  march,  and  noting  the  reapparance  of  the  lime  water 
which  they  had  thrown  down  the  sinks.  And  invariably,  after  effocting  a  cure  for  any 
evil  which  has  been  diacovered,  they  will  leave  the  traps  cleaned  out  and  the  drains  well 
flushed. 

A  thoroughly  drained  house  baa  always  a  disconnection  chamber  placed  between  the 
hiouse  drain  and  the  sewer  or  other  outfall.  Thin  chamher  is  formed  of  a  raking  syphon, 
and  about  two  feet  of  open  channel  i^ipe,  built  around  by  brickwork  and  covered  i>y  an 
iron  man-hole.  Fresh  air  is  taken  into  this  chamber  by  an  oi>en  grating  in  the  man- 
hole, or  by  an  under^ound  pij^e,  and  the  air  thus  constantly  taken  into  the  chamber 
conrs^^s  along  iuside  the  drain,  and  h  as  continuously  discharged  at  the  ventilated  eou- 
tinuations  of  the  soil  pipes,  which  are  left  nntrapped  at  the  foot,  or  at  special  ventilating 
pi|»es  at  each  end  of  the  drain.  This  air  current  in  the  drain  prevents  all  atngnatiou  and 
smell. 

When  a  house  ia  undergoing  examination,  ft  ia  wtae  to  test  for  ligbtinggas  leakages, 
and  there  is  only  one  scientific  method  of  doing  bo,  which  ia  as  follows  : — Every  burner 
is  plugged  up  save  one,  and  to  that  is  attached  a  tube  in  connection  with  an  air  force* 
pump  and  gauge — the  meter  having  been  previously  disconnected.  Air  iis  then  ]mmped 
into  the  whole  system  of  pi|ws»  and  the  stop-cock  turned,  and  if,  after  working  the 
pump  for  some  time,  and  stopping  it,  the  gauge  ahows  no  signs  of  sinking,  the  pipes 
may  be  taken  as  in  safe  condition  ;  hut  if  the  mercury  in  the  gauge  falls,  owing  to  the 
escape  of  air  from  the  gas- tubes,  there  is  a  leak  in  them,  which  ts  discoverable  by  pour- 
ing a  little  ether  into  the  pipe  close  by  the  gauge,  and  recommencing  pumping,  Yery 
minute  holes  can  be  detected  by  lathering  the  pijjes  with  soap  and  v\ater,  and  maSdng 
use  of  the  pump  to  create  soap  bjbbles. 

Besidi^s  the  drainage,  they  will,  esj^ecially  if  they  detect  a  bad  and  dank  smell,  see  if 
it  arises  from  the  want  of  a  damp  proof  coui^e  or  of  a  dry  area,  see  if  there  be  a  wet  soil 
under  the  basemen t-tloor,  a  faulty  pi|>e  inside  the  wall,  an  unsound  lenden  gutter  on  the 
top  of  the  wall,  or  an  overflowing  box-gutter  in  the  roof,  a  leaky  sktage,  a  porous  wall, 
a  wall  too  thin,  and  so  on. 

They  will  also  keep  an  eye  upon  the  condition  of  the  ventilating  arrangements,  and 
whether  the  evils  complained  of  are  not  mainly  due  to  defects  there.  The  immediate 
aurrouudings  of  the  honse  will  also  be  noted,  and  any  nuiKances  estimated. 

Sanitary  inspectoi's,  whilst  examining  into  the  condition  of  the  drains,  always  examine 
the  water  cisterns  at  the  same  time,  and  discover  whether  the  cistern  which  yields  the 
drinking  water  supplies  as  wtdl  the  Hushing  water  of  the  closets.  They  will  ako  ascer- 
tain if  the  overflow  pipe  of  the  dstern,  or  of  a  separate  drinking-water  cistern,  passes 
directly  into  the  drain. 

If  the  overflow  pipe  be  syphon -trapped  and  the  water  rarely  changed  in  the  trap,  or 
only  when  the  ball-cock  is  out  of  order,  they  will  point  out  the  fallacy  of  such  trapping, 
antl,  sjieaking  of  trans  generally,  they  will  look  suspiciously  on  every  one  of  tlieiu, 
endeavour  to  render  tnem  supererogatory  by  a  thorougu  ventilation  and  disoonoectioii  of 
the  drains,* 

1  Much  usefid  information  will  also  be  oht^medhom  Sanitary  ArrafigemeHU /or  IhpeUifM*, 
by  W,  Eassift,  CR,  and  from  Sanitan/  Enyin^^iny,  by  J,  Bailey-Denton^  C.E.  See  also 
Th€  Hahiiatitm  in  Relation  to  Hmlth^  by  F.'de  Chauniont,  Christian  Knowledge  series  ;  Ow 
HirmeSf  and  k*no  to  kee^  them  Htalthy,  Cassell  k.  Co.;  Handbook  to  Houu  Sanitation^  by  E. 
Bailey-Denton,  1882 
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SECTIOX  II. 

HOSPITALS. 
General  Remarks. 

Of  late  years  a  great  number  of  works  (English,  French,  German,  and 
American)  have  been  written  on  the  construction  of  hospitals.  This  has 
been  especially  owing  t*>  the  celebrated  Notes  on  Hospitals,  published  by 
MLss  Nightingale  after  the  Criraoan  War — a  work  the  importance  of  which 
it  is  impossible  to  over-rate — and  to  the  very  useful  pamphlets  of  Mr 
Robertoo,  of  Manchester.  Among  militiiry  writers,  Robert  Jackson  in  this 
as  in  all  other  points  takes  the  iirst  rank,  and  his  observations  on  the  con- 
structif^n  of  hospitals  are  conceived  entirely  in  the  spirit  of  the  best  writings 
of  the  present  day.  In  the  short  space  which  can  be  given  U*  the  subject 
liere,  we  can  merely  condense  what  has  been  best  said  on  the  subject,  as 
applied  especially  to  military  hospitals.^  In  the  first  place,  however,  n  few 
words  are  necessary  on  the  general  question. 

Although  the  establishment  of  hospitals  is  a  necessity,  and  marks  the 
era  of  an  advanced  ci\^lisation,  it  must  always  be  remembered  that  if  the 
crowding  of  healthy  men  has  its  danger,  the  bringing  together  of  many  sick 
[jersons  within  a  confined  area  is  far  more  perilous.  The  risks  of  con- 
tiimLnation  of  the  air,  and  of  Impregnation  of  the  materials  of  the  building 
with  morbid  substances,  are  so  greatly  increased^  that  the  greatest  care  is 
necessary  that  hospitals  shall  nnt  become  pest-houses,  and  do  more  harm 
than  good.  We  must  always  remember,  indeed,  that  a  number  of  aick 
persons  are  merely  l^rought  t<:»gnther  in  onler  that  mediciil  attendance  and 
nursing  may  be  more  easily  and  perfectly  perfiirmed.  The  risks  of  aggre- 
gation are  encountered  for  this  reason  ;  otherwise,  it  would  be  fat  better 
that  sick  pei'sons  should  be  se]3arately  treated,  and  that  there  should  be  no 
chance  that  the  rapidly  changing,  and  in  many  instances  putrefying  sub- 
stances of  one  sick  body  should  pass  into  the  bodies  of  the  neighbouring 
patients*  There  is,  indeed,  a  continual  sacrifice  of  life  from  diseases  caught 
in  or  aggravated  by  hospitids.  The  many  advantages  of  hospitals  more 
than  counterbalance  this  sacrifice,  but  it  should  be  the  first  object  to  lessen 
tlie  chance  of  injury  to  the  utmost.  The  risk  of  transference  or  aggravation 
of  disease  is  least  in  the  best- ventilated  hospitals.  A  great  supply  of  air,  by 
immediately  diluting  and  mpidly  carrying  away  the  morbid  siibstimcea 
evolvetl  in  siicli  quantities  from  the  bodies  and  excretions  of  the  sick, 
reduces  the  risk  to  its  mininmm,  and  perhaps  removes  it  altogether.  But 
the  supply  f«f  air  must  be  enormous  ;  there  must  be  a  minimum  of  not  less 
than  40O0  cid>ic  feet  per  head  jiHir  hour  for  ordinary  cases ;  and  the  supply 
must  Ixj  practically  unlimited  for  the  acute  and  febrde  diseases. 

The  causes  of  the  greater  contamination  of  the  air  of  hospitals  are  these : — 

1,  More  organic  effluvia,  and,  in  many  instances,  the  specific  contagia  are 


1  For  fuller  detaib^  Captain  Galtoa'a  work  on  Ro^iiah  Abould  be  conaalted.  Se«  Also 
Five  BiJtaui  on  Hotpitat  Phy^f,  rnvtrihifiM  fnr  tk^  Johnt  Flopkitu  Ihmnial  Scheme  fWood 
iUnd  OXthtiW  Yorkr,  ^  ■  ■:in3  Hospital,  by  J.  S.  Billiag?, 

M.n      mflO*    hifn*n(  by  J.   Ntitttjn   Radcliffe,  Esq.; 

.,     ,  -tiimoDt,  M.D,;  chapter  in  Roth 

.'    '*  iiospitai,  '    Encydopctdia    Britannico^  9th 

<fnfff  Hfr/in   im   Fn^drirhBhain^  von  A*    Mage^ 

111.    Ihr   /  Zukuv^t^   188»|   T. 

Uospitai  f  '^3, 
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given  olf  from  the  bodies  and  excretions  of  sick  men*     These  are  only 
removed  by  the  most  completti  ventilation. 

2,  The  medical  and  surgical  management  of  the  sick  necessarily  often 
exposes  to  the  air  excretions,  dressings,  foul  poultices,  soiled  clothes,  *fec,, 
and  the  amount  of  substances  thus  added  to  the  air  is  by  no  means  in- 
considerable, even  with  the  best  management  and  most  complete  antiseptic 
treatment 

3.  The  walls  and  flcKjrs  of  hospitals,  unless  sp<icially  protected,  absorb 
organic  matters  tuid  retain  them  obstinately,  so  that  in  some  case^  of  repeated 
attacks  of  hospital  gangrene  in  a  ward  it  has  been  found  necessary  to  destroy 
even  the  whole  walL 

4.  The  bedding  and  furniture  may  also  absorb  organic  substances,  and  are 
tlien  a  great  cause  of  insahibrityt 

5,  Till  recently,  even  in  the  best  lioapitaJs,  the  water-closets  and  urinala 
were  baiUy  arranged,  and  air  pjissed  from  these  pilaces  intt>  the  wards. 

In  addition  to  the  amount  necessary  to  dilute  and  remove  these  sub- 
stances, the  freest  supply  of  air  is  also  now  known  to  be  a  ciu*ati\'e  moans 
of  tlie  highest  moment  i  in  the  ca;^es  of  the  febrile  diseases,  both  specific 
and  symptomatic,  it  is  indeed  the  first  essential  of  treatment;  soraetiinea, 
especially  in  typhus  and  smallpox,  it  even  lessens  duration,  and  in  many 
I  JftBes  it  renders  convtdescence  shorter*^ 

Tliere  can  be  no  doubt  that  the  nece^ty  for  an  unlimited  supply  of  air 
is  the  cardinal  consideration  in  the  erection  of  hospitals,  and,  in  fact,  must 
govern  tlie  construction  of  the  buildings.  For  many  diseases,  e.specially 
the  acute,  the  merest  hovels  \nth  plenty  of  air  are  better  than  the  most 
costly  hospitals  without  it.  It  is  ill-judged  humanity  to  overcrowd  febrile 
patients  into  a  building,  merely  because  it  is  called  a  hospital,  when  the 
very  fact  of  the  overcrowding  lessens  or  even  destroys  lis  usefulness.  In 
times  of  war,  it  should  never  be  forgotten  by  medical  officers  that  the 
rudest  shed,  the  sbghtest  covering,  which  will  jirotect  from  the  weather, 
is  better  than  the  easy  plan,  so  often  suggested  and  acted  on,  of  putting  the 
beds  a  little  closer  together. 

The  recognition  that  the  amjde  supply  of  pure  air  is  the  first  essential  of 
a  good  hiKspital  led  Miss  Nightingale  t<j  advocate  with  so  much  energy  and 
success  the  view  which  may  1h?  emliodied  in  the  two  foOowing  rules : — 

L  The  sick  should  be  distributed  over  as  large  an  area  as  possible,  and 
each  sick  man  should  be  as  far  removed  as  possible  from  his  neighbour. 

2.  The  sick  should  be  placed  ui  small  detached  and  jierfectly  ventilated 
buildings,  so  that  there  should  he  no  great  number  of  persons  in  one  build- 
ing, and  no  possibility  of  the  polluted  air  of  one  ward  fwissing  into  onotlier. 

ffoio  is  this  perfect  Purity  of  Air  to  be  secured  f 

This  is  a  matter  partly  of  construction,  jwirtly  of  superintendence* 
(a)  There  should  be  detached  buildings,  so  disjjosed  as  to  get  the  freest 
air  and  the  greatest  light  They  should  be  at  considerable  distances  apart, 
tliat  1000  sick  should  be  spread  like  a  village;  and  in  the  wards  each 
ought  to  have  not  less  tJian  lOQ,  if  pijssililo  120,  feet  of  superficial, 
and  from  1500  to  2000  feet  of  cubic  space.  With  detached  buildings,  the 
size  of  a  hospital,  as  pointed  out  by  Miss  Nightingale,  is  dependent  merely 
on  the  facility  of  administration.  When  they  consist  of  single  buildings 
the  smallest  hospitals  are  the  best. 

1  For  exAiiiplei*  of  the  value  of  a  gn^t  supply  of  £reah  air  in  some  diieAMa^  see  note  ill 
loniusr  editions  of  thii  work. 
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(b)  The  veiitUation  should  be  imtural,  i.e.^  dependent  on  the  movement" 
of  the  outer  air^  and  on  uiei[0!dities  of  weight  of  the  external  and  internal 
air*     The  reiiJ^on  of  this  i%  that  a  murli  more  efficient  ventilation  c^n  l>ej 
obtained  at  a  cheaper  cost  than  by  any  iirtilieial  means.     Also,  l>y  me^ 
of  open  doors  and  Araidows^  we  can  obtain  at  any  moment  any  amount 
ventilation  in  a  special  ward,  whereas  local  alterations  of  this  kind  are  nofej 
fjossible  io  any  artificial  syat«m.     The  amount  of  air,  als^i,  which  any  arti-^ 
iicial  system  can  gi\'e  cheaply  is  conipanitively  limited.     The  amoimt  of  aif 
i^hould  be  restricted  only  by  the  necessity  of  not  allowing  its  movement 
be  too  perceptible. 

The  best  armngements  for  natural  ventilation  for  hosputals  ainjear  to 
tlie^e^l^/j  Opposite  windows  iM?acking  nearly  to  tlie  ceiling,  on  the  sides  ol 
a  ward  (not  wider  than  24  to  26  feet,  and  contidning  oidy  two  rows  of  be>ds)l 
and  a  large  end  window.     2nd,  Additional  oi>oninga,  to  secure,  as  far 
jMJssible,  a  verticiil  nioveraent  of  the  air  front  below  upwards,^ 

But  tiot  only  should  there  be  good  ventilation,  but  the  wards  ought  to  beJ 
every  year  empty  for  two  or  tliree  weeks,  and  during  that  time  thoroughly 
tixposed  to  the  air,  every  door  and  window  being  open. 

(c)  The  atrict^ist  rule.s  should  be  laid  down  with  regard  to  the  imniediafce 
removal  from  the  wards  of  all  excreta,  dirty  dressings^  foul  linen,  Sec.  ^M 

Kothing  that  can  iK)sai)ily  give  off  anything  tr>  the  air  Rhoidd  be  allowetI^| 
to  remain  a  single  moment.     Dressings  of  wonnds  should  l>e  kept  aseptic. 

(d)  The  walls  should  ]n\  of  impermeable  material;  and  all  angles  of  the 
walls  and  ceilings  should  be  rtjiinded.     Cements  of  dill  ere  nt  kinds  are  nowi 
use»i,  especially  Parian;  but  tliis  cracks,  and  spaces  form  behind  it;  large! 
slabs  of  properly  coloured  tiles,  joined  by  a  good  eementj  and  good  Portland j 
cement^  well  painted  with  indestructible  ]Miiiit,  would,  however,  be  better,  aal 
tliese  can  be  washe<L     Ceilings  shoidd  bo  eitlier  cemented  or  frequantlyl 
lime-washed.     Great  care  should  be  taken  with  the  floors.     On  t!ie  wholGjJ 
good  oak  laid  on  concrete  seems  the  best  material ;  but  the  joinings  should 
be   perfect,    so   that   no   liquid    may    pass  through    and  collect  below    the ' 
floor,     possibly  it  miglit  be  well  to  cover  the  floor  with  a  good  oO-cloth,  or 
material  of  the  like  kind,  which  would  prevent  substances  fiNim  sinking  into 
the  l^oanls,  and  would  lessen  the  necessity  of  washing  tht^  floors,  but  might 
hty  itself  removed^  and  frequently  washcii     Tlie  practice  of  waxing  and  dry- 
nibbing  the  0oors,  and  other  similar  plans,  is  intended  to  answer  the  8ame 
purpose.     Dr  LfuigstalFof  Southampton,  strongly  rt-commended  si»lid  i>araffin,  | 
The  paroffin  is  melted  and  then  poured  on  the  door,  and  ironed  into  it  mill  I 
a  Ixjx-iron,  heated  from  the  interior  by  liurning  charcoal ;  it  penetrates  about  J 
a  quarter  of  an  inch  into  the  wood.     The  excess  of  paraffin  is  scrapeil  ofi^J 


1  Dr  Parkteis  proposed  thr;  foUomjig  plan  :— A  tutie  oiMiiiing  at  ouoo  to  tbc  extemnl  air  sbonld  1 
run  tniniivei^el}''  alon^  tbti  lioor  oi"  tbc  ward  to  uach  bed,  and  ahould  end  in  a  box  placed  undef  | 
the  V)cd,  and  provided  with  opcniDgB  at  the  top  and  ddt^t*^  which  can  l>e  more  or  lens  cU»t:d. 
in  the  box*  cods  of  hot- water  \in*v^  rihould  b*3  iiitrt>ibjoed  to  warn)  the  air  when  necijssary. 
The  >u*ejt  of  tbti  tul»e  ahouJii  not  W  k^ss  than  72  souare  iuchBs  to  each  bed  ;  and  the  are*  ol  tne 
0[ieniiigs  in  tho  box  at  least  tour  tinic«  larger.    The  fresh  air,  wanncul  to  any  di^grt^j,  and  ' 
moLstcufd,  if  necessarj-,  by  placing  w«t  clotlts  in  the  Itax,  or  iiiedicate^i  by  placing  thlorin*?,  ^ 
iodine,  or  ather  subfitaiicej*,  will  then  pass  under  each  bed,  and  veutUate  tlrnt  .space  *»<:>  oft^n  | 
imalred  ;  and  then,  ascending  round  tne  si<le5  of  the  bed^  will  at  once  dilnto  and  carry  up  tbc 
products  of  respiration  and  transpiration  to  the  ceiling.     It  would  li*  a  simple  matter  so  to  | 
smnge  the  hot- water  pipes  us  to  b©  able  to  cut  off  all  or  some  of  the  pij^es  under  a  [xirticukr 
bed  mtm  the  hot-water  current  if  d<ssired*  and  so  to  give  a  fev«r  patient  air  ol  any  teinpen- 
tere,  from  cold  to  hot,  <leisiretl  by  th«  pbysjiciaiL     For  the  exit  of  the  foul  air,  channels  in  Uie 
ridge  should  be  provided,  warmed  by  gaa  if  possible.    To  facilitate  thin  system  of  ventilatioi), 
it  U  desirable  to  have  the  buildings  one-storied  only  ;  but  it  can  be  applied  with  two  stories,  ( 
Oulv  then  the  discharge  tubes  must  b«  pUoed  at  the  »ide»,  and  run  up  in  the  thtcknon  of  tbe  { 
WftlU. 
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and  the  floor  is  brushed  with  a  hard  brush ;  a  little  parafiGji  in  turpentine  is 
then  put  on,  and  the  flooring  is  gpod  for  years.^ 

(e)  The  furniture  in  a  ward  should  be  reduced  to  the  Tnfm'nmm  ;  and,  as 
far  as  possible,  everything  should  be  of  iron.     The  bedding  should  also  be 
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Fig.  87.  -Plan  of  Regimental  DepOt  Hospital. 

reduced  in  size,  as  much  as  it  can  be.  Thick  mattresses  should  be  discarded, 
and  thin  mattresses,  made  easy  and  comfortable  by  being  placed  on  springs, 
employed.  The  material  for  mattresses  should  be  horse-hair  (18  lb  weight 
to  each  mattress),  which  on  the  whole,  is  least  absorbent.  Straw,  which 
absorbs  very  little,  is  bulky,  and  is  said  to  be  cold.  All  flock  and  woollen 
mattresses  shotld  be  discarded.  The  wire  mattress  bedstead,  as  arranged  by 
Dr  Reed,  seems  an  excellent  and  very  comfortable  form.  Patent  steel 
wire  mattresses  are  very  strong  and  durable,  and  are  now  largely  used  in 


Fig.  38.— Plan  of  Ward,  Cambridge  Hospital,  Aldershot 

hospitals.     Blankets  and  coverlets  should  be  white  or  yellowish  in  colour, 
and  should  be  frequently  thoroughly  aired,  fumigated,  and  washed. 

(/)  The  arrangement  of  the  water-closets  and  urinals  is  a  matter  of  the 
greatest  moment.     Every  ward  should  have  a  urinal,  so  that  the  common 


1  An  experience  of  some  years  in  the  Southampton  Infirmarj  has  proved  the  advantage  of 
this  flooring.    It  has  also  been  introduced  with  satisfactory  results  into  many  other  hA«v^aN».. 
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practice  of  retaining  urine  in  the  utensils  may  be  disc  an  tinned.  li  the  urine 
is  kept  for  medical  inspection^  it  should  bti  in  closed  ve.ssels.  The  removal 
of  excreta  must  be  by  water ;  except  in  the  trophies,  wlierc  this  plan  is  not 
always  available.  In  hospitals,  nothing  else  c^n  l>e  depended  upon,  as 
regards  certainty  an^i  rapidity.  The  ln?st  arrangement  for  tlosets  is  not  the 
handle  and  plug,  which  very  feeble  ptitients  ^vill  not  lift;  but  a  bell-pull 
wire  or  chain  connected  with  a  water^waste  preventer  that  hn^  a  si  pi  ion 
action:  a  very  short  pull  of  the  chain  is  sufficient  to  set  the  siphon  acting 
and  ensure  proper  tiushiiig  by  tlie  most  careless  persons.  This  plan  is  better 
than  the  seli-aciing  spring  seat,  which  is  not  iilways  easily  depressed  by  a 
thin  jmtient.  The  closets  may  be  arranged  in  neftriy  detached  lohbies 
at  one  end  of  the  ward,  and  separated  from  it  by  a  tliorough  cross  ventila- 
tion. A  further  improvement  may  he  made  hy  throwing  the  closets  still 
further  out,  with  an  intercepting  lobby »  Tiiis  is  the  plan  adopteel  in  the 
Cambridge  Hospital  at  Aldershot  and  in  the  new  station  hospitfils.  This 
principle  is  still  further  devi3loped  in  the  hospitals  at  Antwerp^  Bonrgea^  and 
Genoa,  where  the  closets  are  in  a  detached  building  coimected  hy  a  covered 
way  or  bridge. 

In  this  wiiy,  provided  the  sit©  of  the  hospital  is  originally  well  chosen, 
perfect  purity  of  air  can  he  ohtaiued,  and  the  first  requisite  of  a  good  he  ~ 
pital  is  secured. 

Next  to  the  supply  of  pure  air,  and  to  the  measures  for  preventing  con- 
tamination (wliieh  embrace  construction,  ventihition,  cleanlinesSj  and  latrin^^ 
arrangements),  come  the  arrangements  for  medical  treatment 

Medical  treatment  includes — 

1.  Supply  of  Food. — The  diet  of  the  sick  is  now  becoming  a  matter  of 
scientific  precision ;  and  it  is  probable  that  every  year  greater  and  greater 
importance  will  be  attached  to  it.  Ilence  the  necessity  of  a  perfect  central 
kitchen,  and  of  means  for  the  rapid  supply  of  fc>od  at  aU  times.  There  is 
more  difhculty  in  doing  this  than  at  Erst  ai>pears,  as  the  central  kitchen  can- 
not supply  everythiog ;  and  yet  there  must  be  no  cooking  in  the  wards,  or 
even  near  them,  as  the  time  of  the  attendants  should  be  occupied  in  other 
ways.  Probably  the  best  arrangement  is  to  have  hot  closets  close  to  the 
wards,  where  the  fo<»d  sent  frtmi  the  kitchen  aui  be  kept  warm,  and  ready 
for  use  at  all  hours  f>f  the  day  ami  night  ^ 

2.  TJie  *Suppli^  of  Water. — Hot  and  cold  wat<5r  must  be  supplied  ever 
where,  and  baths  of  all  kinds  should  be  available.     The  sui>ply  of  water  fo 
all  purpiises  should  be  40  to  50  gallons  per  head  daily.     Many  hospitals 
much  more  than  this. 

3.  Th^  Supph/  of  Drtu;s  and  Apparatus, — The  chief  point  is  to  economia 
the  time  of  attendants,  and  to  enable  drugs  and  appiratos  to  he  procu 
without  delay  when  needed. 

4.  T/n!  Nursinff  and  Atlmdancf^  inchidinf}  the  Supply  of  Clean  Zinefi^  dt 
— Tlie  time  and  labonr  of  the  attendants  should  he  expended,  as  far  as  jkjs-' 
Bible,  in  nui'sing,  and  not  in  other  duties.  Every  contrivance  to  save  lalnjur 
and  cleaning  should  therefore  l>e  employed.  Lifts,  shafts,  tramways,  and 
telephones  to  economise  time  ;  wards  arranged  so  as  to  allow  the  attendants 
a  view  of  every  patient ;  war*ls  not  too  hirge  rtr  too  small,  for  Miss  Nighting- 
gfde  has  conclusively  sliown  that  wards  of  from  20  to  32  beds  are  best  suiteil 
for  economy  of  service. 

5.  Jtleans  of  Open- Air  Exerem  for  Patients* — This  ought  properly  to  bo 
considered  as  medical  treatment     As  soon  as  a  patient  can  get  out  of  his 
ward  into  the  open  air  ho  should  do  so ;  therefore,  open  verandahs  on  the, 
sunny  sides  of  the  wardsj  and  sheltered  gardens,  are  most  important     Foq 
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the  same  reason  limpitals  of  one  storey  are  best,^  b&  the  patients  easily  get 
out ;  if  r>f  two  stories,  the  stairs  should  he  shallow. 

6,  In  adiiition  to  all  these,  the  supply  of  air  medicated  with  gases,  or 
various  aniounts  of  watery  va|>our,  is  a  mode  of  treatment  which  is  aui'e  to 
become  more  common  in  certain  diseases^  and  special  wards  will  have  to  be 
provided  for  these  remedies. 

The  parts  of  a  military  hospital  are^ — 

Warth  and  Diiy-Roorm^  if  possible ;  the  wards  of  two  size^, — large,  ».f .,  from 
20  to  32  be<ls,  and  small,  for  one  or  two  patients.  The  cubic  space  per  head 
allowed  in  temperate  climates  is  1200  cubic  feet,  with  a  floor  space  of  92 
square  feet ;  the  air  changed  twice  in  the  hour.*  The  lieds  have  7^  feet 
each  nmning  length,  or  are  separated  from  each  other  by  3i  feet.  It  is 
desirable  to  have  the  small  wards  not  close  to  the  large  ones,  but  at  some 
little  distance.  Attached  t*3  the  wards  are  attendants'  rooms,  scullery,  bath 
and  ablution  rooms,  smaE  store-room,  urinal,  closets  (one  seat  to  every  eight 
men). 

Operating  Room — Mortuary — AdmmutnUitm, — Suigeons'  rooms;  case- 
book and  instrument  room  :  offices  and  officers'  rooms ;  quarters  for  nursing 
Bisters. 

Pharmacy. — Dispensary ;  store-room ;  dispenser's  room. 

Ctilinary. — Store-room ;  wine  and  beer  room  ;  larder  and  meat  room  ; 
kitchen  ;  rrtoiii  for  arranging  diets  ;  scullery  ;  cook^s  room. 

Washitu/, — Washhouse  j  dirty-linen  store ;  disinfecting  chamber  and  fumi- 
gating room  I  cleaning  room  for  mattresses. 

Quartermdster^s  DepartTnent — Offices,  furniture,  linen,  utensil,  and  pack 
stores ;  rooms  for  cleaning. 

The  amount  for  storage  room  is^  for  an  hospital  of  100  sick — 


Bedding  and  stoi>e 
Clotliiug  store 
Utensil  store  . 
Frovision  store 


-'200  aqtmre  feet. 
-100 

-160-200    „ 
-100 


Fuel  store        .        ,     —  250  aquare  feet 
Foul-lmen  store        ,     —120  ,, 

Tack  sture        ,         .     -200  „ 

(In  military  hospitals.) 
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Fig.  39  shows  the  aiiangement  of  closets  and  lavatory  in  a  militar}^ 
hospital. 

The  following  plana  show  the  arrangement  of  the  Lsriboisi^re  Hospital  in 
Paris,*  which  circumstances  have  made  the  type  of  the  so-called  block  or 
pavilion  plan,  and  of  the  Herbert  Hospital,  which,  with  the  Cambridge  Hos* 
pital,  is  the  best  military  hospital  in  this  country,  or  perhaps  anywhere. 

The  Herbert  HospiUil  at  Woolwich  consists  of  four  double  and  three  single 
pavilions  of  two  floors  each,  all  raised  on  basements.     There  is  a  con  voles- 

1  The  l&te  Dr  Park*  '  I  hail  never  properly  estimated  the  importance  of  patienta 

getting  into  the  air,  ui.  i  ability  of  one-etoried  baildinea  for  this  purpose,  tiU  I  served 

At  Renkloi,  in  Turkey,  duriitg  Xht^  Crimean  war.  The  hospital  was  composed  of  one-storied 
wooden  hous^  Gonnected  by  an  of^en  corridor.  As  soon  aa  a  man  could  crawl  he  always  got 
Into  the  corridor  or  between  the  houses,  and  the  good  effecta  were  manifest.  Some  of  the 
medica!  olficera  had  their  jAtients'  beds  carried  out  into  the  corridor  when  the  men  could  not 
walk.  In  the  winter,  {^reatcoata  wisre  provided  for  tha  men  to  pat  on,  and  they  were  then 
encourage^l  to  go  into  the  corridor,*'  In  the  American  hospitals  armnKements  ure  made  for 
giving  the  patienta  a  "  sun-bath,"  that  is,  getting  them  out  in  the  air  ana  sunUght  as  muoh  as 
posaible. 

*  Lately^  Kince  the  health  of  the  army  haa  been  so  much  imDrored  on  borne  service^  it  has 
been  proposed  to  reduce  the  hospital  «p«c«  to  6  per  cent.,  nut  it  would  appear  desirable 
always  to  have  sufficient  hospital  acconr     '  "'      for  emer^ncies  and  for  war. 

*  In  thi«  Froiich  army  the  cubic  sp&i  20  cubic  metres  (701  cubic  feet)  for  severe 
easea;  18  cubic  metres  (631  cubic  feet^^  i  :ry  caaes,  the  air  changed  onoe  in  the  hour; 
md  the  b»d»i  0'5  metre  (19^  inches)  aparL 

*  The  new  Hdtel-Dieu  is  on  the  same  geoenl  plan. 
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cent's  day-room  in  the  centre  pavilion.  The  administration  is  in  a  separate 
block  in  front.  The  axis  of  the  wards  is  a  little  to  the  east  of  north.  There 
is  a  corridor  in  the  basement,  through  which  the  food,  medicines,  coals,  &c., 
are  conveyed,  and  then,  by  a  series  of  lifts,  elevated  to  the  wards.     The  ter- 


races^in  the  corridor  afford  easy  means  of  open-air  exercise  for  the  patients 
in  the  upper  ward.  The  wards  are  warmed  by  two  central  open  fireplaces, 
with  descending  flues,  round  which  are  air-passages,  so  that  the  entering  air 
is^ warmed.  The  floors  are  iron  beams,  filled  in  with  concrete,  and  covered 
with  oak  boarding.^ 

1  The  arrangement  of  the  pavilions  may  be  varied  in  many  ways  ;  for  different  forms  of 
arrangement,  see  the  works  already  cited,  it  has  been  thought  unnecessary  to  take  up  sjiace 
by  inserting  plans  which  vary  merdy  in  detail. 


LARlBOISltlRE   HOSPITAL — HERBERT   HOSPITAL, 


The  CamViridge  Hospital  at  Aldershot  h  on  niucb  tlie  same  plan,  hut  only 
about  hiilf  the  size  (264  patients).  Tlie  closet  and  lavatory  turrets  are  thrown 
out  by  intervening  lobbies  (see  ^gs.  38  and  42). 


Br"i-¥"fplijj 


Fig*  40.— Lftribobiyre  Hospital  at  Paris. 
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^m       Fig.. il. —Ground  PIad  of  the  HerlM^rt  Hottpital^  Woolwich  {tt^m  Miss  Nightingale'B  book). 
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Army)  to  30  feet  (St  Thomas's,  for  instance),  the  height  12  to  14  feet,  and 
the  length  being  determined  by  the  number  of  beds.  The  late  Mr  John 
Marshall,^  however,  advocated  a  system  of  circular  wards,  which  he  thinks 
have  certain  advantages,  and  a  similar  plan  has  been  actually  carried  out  in 


fX^     fX^     CUA  c^-el     l3rTp     QrP 

.  -rl    m  JqA  «  JiPiJIhJiLlhrIi   PI   r-A  m    hzL 


T.M.r., 
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Fig.  42. — Cambridge  Hospital,  Aldershot. 

the  new  hospital  at  Antwerp,  which  is  now  completed  and  in  occupation.^ 
One  or  two  small  Military  Hospitals  in  this  country,  such  as  the  Milton 
Hospital  at  Gravesend,  are  on  the  circular  plan. 

Hospitals  in  India, 

The  Indian  Army  Begulations,  vol.  vi.,  direct  for  each  sick  man  from 
102  to  120  square  feet  of  superficial  area,  and  from  1630  cubic  feet  of 
space  (in  the  hills)  to  2400  (in  the  plains).  Convalescent  depots  are  also 
established  at  certain  hill  stations  for  affording  a  change  of  climate  to  soldiers, 
their  wives  and  families,  likely  to  be  benefited  by  such  a  change.  The 
hospitals  are  built  in  blocks,  consisting  generally  of  two  floors ;  the  sick,  as 
far  as  possible,  to  sleep  on  the  upper  floor  only ;  each  ward  to  hold  from  14 
to  20  beds. 

The  principles  and  details  are,  in  fact,  identical  with  those  already  ordered 
for  the  home  stations. 

Hospitals  for  Infectious  Diseases, 

Fever  and  smallpox  hospitals  have  been  long  established  in  many  large 
English  towns ;  but  within  the  last  few  years  it  has  become  usual  for  all 
towns  of  any  size  to  make  some  permanent  provision  for  infectious  diseases, 
80  as  to  be  prepared  for  an  outbreak  of  cholera,  smallpox,  relapsing  fever, 
and  typhus,  and  so  to  remove  persons  ill  with  these  diseases  at  once  from 
their  dwellings.  In  this  way,  if  there  is  early  discovery  of  the  cases,  the 
chances  of  spread  of  the  disease  are  greatly  lessened.  ^ 

^  Ona  Circular  System  of  Hospital  Wards,  by  John  Marshall,  F.R.S.,  &c,  London,  Smith 
and  Elder,  1878. 

«  British  Medical  Journal,  Aug.  26,  1882,  on  p.  350,  a  apround  plan  is  given  ;  see  also 
London  Medical  Record,  JmIj  16, 1881,  p.  296 ;  and  Charitable  and  Parochial  Establishments, 
by  Saxon  Snell,  F.RI.RA.,  for  similar  plans  ;  also  (by  the  same  author,  in  conjunction  with 
T>T  F.  Mouat)  Hospital  Construction  ana  Management,  1883. 

»  That  such  hospitals  may,  however,  be  themselves  centres  of  infection  has  been  shown  by 
the  Report  of  the  Hospitals  Commission,  1882,  which  may  be  consulted  for  much  valuable  in- 
formation. The  experience  of  late  years  at  Fulham,  and  at  Sheffield  (see  Reports  by  Mr  Power, 
1886,  and  Dr  Barry,  1888),  has  also  shown  that  small|X)x  hospitals  are  apt  to  disseminate  the 
disease  ;  sites  for  such  hospitals  require  a  much  larger  space  about  them  than  sites  for  hospitals 
for  other  infectious  diseases ;  it  would  also  be  advisable  that  they  should  not  be  placed  in 
towns,  but  removed  as  far  as  is  practicable  from  any  populous  neighbourhood. 
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The  Medical  Department  of  the  Local  Goveminent  Board  have  issued  a 
Memorandum  ^  dealing  with  the  provision  of  isolation  hospital  accommoda- 
tion by  Local  Sanitary  Authorities.  It  is  pointed  out  that  villages  should 
have  the  means  of  accommodating  instantly  four  cases  of  infectious  disease 
in  at  least  two  separate  rooms,  and  it  is  considered  that  a  good  cottage  would 
answer  this  purpose.  Li  towns  a  permanent  provision  is  advised  to  be  made, 
and  the  following  suggestions  are  given : — ^The  situation  to  be  convenient ; 
ward  cubic  space,  2000  feet  per  head;  ward  floor  space  per  head,  144  square 
feet ;  12  linear  feet  of  wall  space  to  each  bed;  good  provision  for  ventila- 
tion ;  precautions  against  entrance  of  foul  air  (as  from  privies  or  sinks) ; 
warming  in  winter  to  60"  Fahr. ;  keeping  cool  in  summer ;  means  of  dis- 
posal of  excrements  and  slops ;  and  for  cleaning  and  disinfecting  linen.  An 
interval  of  40  feet  should  be  interposed  between  every  building  used  for  the 
reception  of  infected  persons  or  things  and  the  boundary  of  the  hospital 
site. 

The  amount  of  permanent  provision  in  a  town  should  consist  of  not  less 
than  four  rooms  in  two  separate  pairs ;  each  pair  to  receive  the  sufferers  from 
one  infectious  disease,  men  and  women,  of  course,  separately.  But  the 
number  of  cases  to  be  provided  for  depends  on  a  variety  of  considerations ; 
the  growth,  as  well  as  the  size,  of  the  town ;  the  habits  of  the  population, 
&c. ;  so  that  no  fixed  standard  of  hospital  requirements  can  be  laid  down. 
Dr  Thome  Thome  suggests  one  bed  per  1000  inhabitants.^ 

For  temporary  emergencies,  tents  (army  hospital  marquees)  are  recom- 
mended, or  huts  are  advised.  The  huts  are  described  at  some  length,  and 
plans  are  given  of  the  huts  and  of  the  arrangement.  As  these  are  very 
similar  to  those  used  by  the  army  in  war,  reference  is  made  to  that  section. 

1  Local  Oovemment  Board  Memo.f  1888. 

2  See^.if./.,  Feb.  1, 1890,  p.  27a 


CHAPTER  VII. 
WARMING    OF    HOUSES. 

Thb  heat  of  the  human  body  can  be  preserved  in  two  ways — 

1.  The  heat  generated  in  the  body,  which  is  continually  radiating  and 
being  carried  away  by  moving  air,  can  be  retained  and  economised  by 
clothes.  If  the  food  be  sufl&cient,  and  the  skin  can  thus  be  kept  wami, 
there  is  no  doubt  that  the  body  can  develop  and  retain  its  vigour  with 
little  external  warmth.  In  fact,  provided  the  degree  of  external  cold  be 
not  too  great  (when,  however,  it  may  act  in  part  by  rendering  the  procur- 
ing of  food  difficult  and  precarious),  it  would  seem  that  cold  does  not 
imply  deficiency  of  bodily  health,  for  some  of  the  most  vigorous  races  in- 
habit the  cold  countriea  In  temperate  climates  there  is  also  a  general 
impression  that  for  healthy  adults  external  cold  is  invigorating,  provided 
food  be  sufficient,  and  if  the  internal  warmth  of  the  body  is  retained  by 
clothing. 

2.  External  heat  can  be  applied  to  the  body  either  by  the  heat  of  the 
sun  (the  great  fountain  of  all  physical  force),  or  by  artificial  means,  and  in 
all  cold  countries  artificial  warming  of  habitations  is  used. 

The  points  to  determine  in  respect  of  habitations  are — 
1st,  What  degree  of  artificial  warmth  should  be  given  ? 
2ndy  What  are  the  different  kinds  of  warmth,  and  how  are  they  to  be 
given  ? 

SECTION  I. 

DEGREE  OF  WARMTH. 

For  Healthy  Persons. — There  appears  no  doubt  that  both  infants  and 
old  persons  require  much  artificial  warmth,  in  addition  even  to  abundant 
clothes  and  food.  The  lowering  of  the  external  temperature,  especially 
when  rapid,  acts  very  depressingly  on  the  very  young  and  old ;  and  when 
we  remember  the  extraordinary  vivifying  effect  of  warmth,  we  cannot  be 
surprised  at  this. 

For  adult  men  of  the  soldier's  age,  who  are  properly  fed  and  clothed, 
it  is  probable  that  the  degree  of  temperature  of  the  house  is  not  very 
material,  6ind  that  it  is  chiefly  to  be  regulated  by  what  is  comfortable. 
It  seems  certain  that  for  healthy,  well-clothed,  and  well-fed  men  we  need 
not  give  ourselves  any  great  concern  about  the  precise  degree  of  warmth. 
Sir  D.  Galton  states  that  in  a  ventilated  room,  in  this  climate,  the  dry  bulb 
thermometer  ought  to  read  63°  F.  to  66°  F.,  and  should  not  fall  much  below 
60^  The  wet  bulb  ought  to  read  58**  to  61°;  and  the  relative  humidity 
should  not  exceed  75  per  cent.^ 

For  children  and  aged  persons  we  are  not  in  a  position  at  present  to  fix 
any  exact  temperature ;  for  new-bom  children  a  temperature  of  65°  to  70°, 

1  Our  Uomes,  p.  613. 
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or  even  more,  may  be  necessary,  and  old  people  bear  with  benefit  a  still 
higher  warmth.^ 

For  Sick  Persons. — ^The  degree  of  temperature  for  sick  persons  is  a  matter 
of  great  importance,  which  requires  more  investigation  than  it  has  received. 
There  seems  a  sort  of  general  rule  that  the  air  of  a  sick-room  or  hospital 
should  be  about  60°  Fahr.,  and  in  most  Continental  hospitals,  warmed 
artificially,  this  is  the  contract  temperature ;  but  the  propriety  of  this  may 
be  questioned.2 

There  are  many  diseases  greatly  benefited  by  a  low  temperature,  espe- 
cially all  those  with  preternatural  heat.  It  applies,  almost  without  excep- 
tion (scarlet  fever?)  to  the  febrile  cases  in  the  acute  stage,  that  it  is 
desirable  to  have  the  temperature  of  the  air  as  low  as  50°,  or  even  45°  or 
40°.  Cold  air  moving  over  the  body  is  a  cooling  agent  of  great  power, 
second  only,  if  second,  to  cold  afiusion ;  nor  is  there  danger  of  bad  results 
if  the  movement  is  not  too  great.  The  Austrian  experiments  on  tent 
hospitals^  show  conclusively  that  even  considerable  cold  is  well  borne. 
Even  in  the  acute  limg  affections  this  is  the  case.  Pneumonia  cases  do 
best  in  cold  wards,  provided  there  is  no  great  current  of  air  over  them. 
Many  cases  of  phthisis  bear  cool  air,  and  even  transitions  of  temperature, 
well,  provided  there  be  no  great  movement  of  air.  On  the  other  hand,  it 
would  appear  that  chronic  heart  diseases  with  lung  congestion,  emphysema 
of  the  lungs,  and  diseases  of  the  same  class,  require  a  warm  air,  and  perhaps 
a  moist  one.  With  respect  to  the  inflammatory  affections  of  the  throat, 
larynx,  and  trachea,  no  decided  evidence  exists;  but  the  spasmodic  affec- 
tions of  both  larynx  and  bronchial  tubes  seem  benefited  by  warmth. 

In  the  convalescence,  also,  from  acute  disease,  cold  is  very  badly  borne ; 
no  doubt  the  body,  after  the  previous  rapid  metamorphosis,  is  in  a  state 
very  susceptible  to  cold,  and,  like  the  body  of  the  infant,  resists  external 
influences  badly.  Convalescents  from  fever  must  therefore  be  always  kept 
warm.  This  is  probably  the  reason  why  it  is  found  inadvisable  to  transfer 
febrile  patients  treated  in  a  permanent  hospital  to  convalescent  tents, 
although  patients  treated  from  the  first  in  tents  have  a  good  convalescence 
in  them,  as  if  there  was  something  in  habit. 


sectio:n^  II. 

DIFFERENT  KINDS  OF  WARMTH. 

Heat  is  communicated  by  radiation,  conduction,  and  convection.  The 
last  term  is  apphed  to  the  conveyance  from  one  place  to  another  of  heat 
by  means  of  masses  of  air,  while  conduction  is  the  passage  of  heat  from  one 

^  It  is  singular,  however,  that  in  some  old  people  the  temperature  of  the  body  is  higher 
than  normal  (John  Davv).  In  the  case  of  children  we  should  remember  that  small  Ixxlies 
have  a  much  larger  surface  in  proportion  to  bulk  than  larger  bodies.  Thus,  a  sphere  of  1 
foot  in  diameter  has  a  solid  content  of  0-5236  and  a  surface  of  8'1416,  or  as  1  to  o  ;  whereas 
a  sphere  of  2  feet  in  diameter  has  a  solid  content  of  4*1888  and  a  surface  of  12*5664,  or  as 
1  to  3  ;  so  that  the  proportion  of  radiating  surface  is  twice  as  much  in  the  smaller  body. 

'  It  is  owing  to  this  rule  that  in  French  hospitals,  artificially  ventilated  and  warmed  by 
hot  air,  the  amount  of  air  is  lessened  and  its  temperature  heightened  in  order  to  keep  up  the 
contract  temperature  of  15'  C.  (=59*  F.).  The  air  is  often  then  close  and  disagreeable.  A 
safe  general  rule  is  never  to  sacrifice  fresh  air  to  temperature,  except  in  the  most  extreme 
cases.  Of  course,  cold  currents  of  air  are  to  be  avoided  if  possible,  but  it  is  safer,  as  a  rule, 
to  let  the  general  temperature  so  down  rather  than  diminish  the  change  of  air.  In  most  cases 
it  can  be  compensatea  for  by  additional  covering. 

'  See  Report  on  Hydene  in  the  Army  Medical  Reports,  vol.  iv.,  by  Dr  Parkes.  The 
Prussians  have  ah^o  made  great  use  of  tents  in  the  summer. 
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particle  to  another — a  very  slow  process.  Practically,  conduction  and  con- 
vection may  be  both  considered  under  the  head  of  convection. 

Eadiant  heat  has  been  considered  by  mdst  "writers  the  best  means  of 
warming ;  it  heats  the  body  without  heating  the  alr,^  and  of  course  there  is 
no  possibility  of  impurity  being  added  to  the  air. 

The  disadvantages  of  radiant  heat  are  its  cost,  and  its  feebleness  at  any 
distance.  The  cost  can  be  lessened  by  proper  arrangement,  but  the  loss  of 
heat  by  distance  is  irremediable.  The  effect  lessens  as  the  square  of  the 
distance — i.e.,  if,  at  1  foot  distance  from  the  fire,  the  warming  effect  is  said 
to  be  equal  to  1,  at  4  feet  distance  it  will  be  sixteen  times  less.  A  long 
room,  therefore,  can  never  be  warmed  properly  by  radiation  from  one  centre 
of  heat  only. 

It  has  been  attempted  to  calculate  the  amount  of  air  warmed  by  a  certain 
space  of  incandescent  fire,  and  1  square  inch  has  been  supposed  sufficient  to 
warm  8*4  cubic  feet  of  air.  But  much  depends  on  the  walls,  and  whether 
the  rays  fall  on  them  and  warm  them,  and  the  air  passing  over  them. 

Radiating  grates  should  be  so  disposed  as  that  every  ray  is  thrown  out  into 
the  room.  The  grate  devised  by  Sir  D.  Gralton,  R.E.,  F.RS.,  is  the  one 
generally  adopted  by  the  War  Office  for  barracks.  It  provides  for  an  air 
chamber  at  the  back ;  in  this  fresh  air  is  heated  before  it  enters  the  room, 
to  the  upper  part  of  which  it  is  conducted  by  a  flue.  The  grate  itself  is  so 
constructed  that  a  part  of  the  air,  which  feeds  the  fire,  is  thrown  on  the  top 
of  the  incandescent  coal  at  the  back  of  the  grate,  after  it  has  been  warmed, 
and  uniting  with  the  gases  from  the  coal,  causes  a  bright  flame.  It  is  stated 
that,  to  produce  the  same  degree  of  warmth  in  the  air  of  a  room,  Galton's 
grate  only  requires  one-third  of  the  quantity  of  coal  required  by  an  ordinary 
fireplace.^ 

The  open  chimney,  which  is  a  necessity  of  the  use  of  radiant  grates,  is  so 
great  an  advantage  that  this  is  per  se  a  strong  argument  for  the  use  of  this 
kind  of  warming,  but,  in  addition,  there  can  be  little  doubt  that  radiant  heat 
is  really  the  healthiest. 

Greneral  Morin  estimated  that,  of  the  heat  generated  by  fuel  in  an  ordinary 
open  fireplace,  about  one-eighth  only  is  utilised  in  warming  the  air  of  the 
room,  and  probably  about  two-eighths  are  absorbed  by  the  walls,  ceiling, 
floor,  &c.,  leaving  five-eighths  to  be  lost  by  the  chimney  through  imperfect 
combustion.^ 

The  immense  loss  of  heat  in  our  common  English  fireplaces  must  lead  to 
a  modification,  and  radiant  heat  must  be  supplemented  by 

Convection  and  Conduction. 

The  air  in  this  case  is  heated  by  passing  over  hot  stones,  earthenware, 
iron  or  copper  plates,  hot  water  or  steam  pipes.  The  air  in  the  room  is 
thus  heated,  or  the  air  taken  from  outside  is  warmed,  and  is  then  allowed 
to  pass  into  the  room,  if  possible  at  or  near  the  floor,  so  that  it  may 
properly  mingle  with  the  air  already  there.  The  heat  of  the  warming 
surface  should  not  be  great,  probably  not  more  than  120°  to  140*  Fahr. ; 
there  should  be  a  large  surface  feebly  heated.  The  air  should  not  be  heated 
above  75**  or  80°  Fahr.,  and  a  large  body  of  air  gently  heated  should  be 

1  Dr  Sankey  has  made  experiments  which  show  that  the  temperature  of  the  air  of  a  room 
heated  by  radiant  heat  is  really  lower  than  the  temperature  indicated  by  the  thermometer, 
because  tne  bulb  is  warmed  by  radiation.  When  this  is  prevented  by  enclosing  the  bulb  in  a 
bright  tin  case  the  thermometer  falls. 

*  Our  Homes,  p.  640. 

»  /*.,  p.  636. 
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preferred  to  a  smaller  body  heated  to  a  greater  extent,  as  more  likely  to 
mix  thoroughly  with  the  air  of  the  room. 

It  does  not  matter  what  the  kind  of  surface  may  be,  provided  it  is  not 
too  hot  If  it  is,  the  air  acquires  a  peculiar  smell,  and  is  said  to  be  burnt ; 
this  has  l)een  conjectured  to  be  from  the  charring  of  the  organic  matter. 
Some  have  supposed  the  smell  to  be  caused  by  the  effect  of  tlie  hot  air  on 
the  mucous  membrane  of  the  nose,  but  it  is  not  perceived  in  air  beatod  by 
the  8un.  8uch  air  is  also  relatively  very  dry,  and  absorbs  water  eagerly 
from  all  substances  which  can  yield  it. 

If  the  air  is  less  heated  (not  more  than  75")  it  has  no  smell,  and  the 
relative  humidity  is  not  le^ened  to  an  appreciable  extent.  Haller's  experi- 
ments, carried  on  over  six  years  with  the  Meissner  stove  common  in  Ger- 
many, show  that  there  the  relative  moisture  is  not  lessened  witli  moderate 
warmiii;;,!  and  the  same  result  has  been  found  with  the  Galton  stoves.  On 
the  othtT  linnd,  when  the  plates  are  too  hot,  the  air  may  be  really  too  much 
dried,  and  Dr  8ankey  states  that,  while  he  never  found  the  difference 
between  the  dry  and  wet  bulbs  in  a  room  warmed  by  radiant  heat  tti  be 
more  thun  8**  Fahr.,  he  has  noticed  in  rooms  warmed  by  hot  air  a  difference 
of  15*  to  17"  Fahiv,  which  implies  a  relative  humidity,  if  the  temperature  be 
liO"*,  of  (inly  34  ]>er  cent,  of  saturation,  wliich  is  much  too  dry  for  health. 
In  this  case  the  air  is  always  iinplefLsant,  and  must  be  moistened  liy  passing 
over  water  before  it  enters  the  room,  if  possible ;  some  heat  is  thus  lost,  but 
not  much.  Of  the  various  means  of  heating,  water  is  the  best,  as  it  is  moi-e 
under  control,  and  the  heat  can  be  carried  eveiyAvhere.  Steam  is  equally 
good,  if  waste  steam  can  be  ntUised,  but  if  not,  it  is  more  expensive.  Hot 
water  pipes  are  of  two  kinds  :  i*ii>es  in  which  the  water  is  not  heated  above 
200*  Fahr. J  and  which,  therefore,  are  not  subjected  to  great  prejssui'e ;  and 
pipes  in  which  the  water  is  heated  to  300'  or  350'  Fahr,,  and  which  are 
therefore  subjected  to  great  pressure.  These  pipes  (Perkin's  patent)  are  of 
small  internal  caHbre  (about  |^,inch),  with  thick  walls  made  of  two  pieces 
of  welded  iron  ,*  the  ends  of  the  pi  pea  are  joined  by  an  ingeniously  contrived 
screw.  In  the  low  pressure  pipes  there  is  a  boiler  from  which  the  water 
circulates  through  the  pipes  and  returns  again,  outlets  being  provided  at 
the  lughest  points  for  the  exit  of  the  air.  In  Perkin's  system  there  is  no 
boiler ;  one  portion  of  the  tube  passes  through  the  fire. 

Mr  Hood  states  that  5  feet  of  a  4-inch  pipe  wOl  warm  1000  cubic  feet  in 
a  public  rt>om  to  55'.  Id  dwelling-houses,  for  every  1000  cubic  feet  12  feet 
of  4 -inch  pipe  should  be  given,  and  will  warm  tt?  65°.  In  shoj^s,  10  feet, 
and  in  workrooms,  G  feet,  per  1000  cubic  feet  are  sufficient  If  Perkiu's 
pipes  arc  lised,  as  the  heating  power  is  greater,  a  less  amount  does,  probably 
about  twt*- thirds,  or  a  little  more.^ 

Ste.'im  piping  is  now  also  much  used,  and  in  aome  cases  is  more  convenient 
.even  than  water.  The  Houses  of  Parliament  are  warmed  by  steam  pipes  in 
a  chamber  imder  the  floor ;  the  rjidiating  surface  of  the  pipes  is  increased  by 
soldering  on  to  them  at  intervals  a  iiuinl>er  of  zinc  or  (preferably)  small 
copper  platt^s.  If  it  is  wished  to  le-ssen  the  amount  of  heat,  the  pipes,  where 
provided  with  thin  plates,  are  simply  covered  with  a  woollen  cloth, 

1  Ftie  L\kftuf\0  uTid  Entf&rmung  der  Kinderttube  un4  dtt  Krtmkeneimmer»t  von  D*  C. 
HaUer,  ISm,  pn.  29-38. 

^   «  The  foUowmg  formula  will  give  the  k^ngth  of  pip«  T<i<iuired :— Left  f =temi*rftture  to 
obtained  in  the  room,  t  the  t4;m[KTatuni  of  the  citerual  liir,  (/'  the  cubic  feet  of  ;iir  to  ]m 
-jnned  per  miuute,  T  the  temperature  of  the  pipeSf  A  the  extenuU  diameter  of  the  pipt, 
and  L  the  length  of  pipe  required,  then  :— 
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The  easy  storing  up  and  conveyance  of  heat  to  any  part  of  the  room  or 
house  by  means  of  water  pipes,  the  moderate  temperature,  and  the  facility  of 
admission  of  external  air  at  any  point  by  passing  the  fresh  air  over  coils,  or 
water  leaves,  make  it  certain  that  the  plan  of  warming  by  hot  water  will  be 
greatly  used  in  time  to  come,  although  the  open  fireplace  may  be  retained 
for  comfort. 

Mr  George  has  devised  a  gas  stove  (called  the  Calorigen)  which  appears  to 
be  a  decided  improvement  on  the  common  gas  stove.  Gas  is  burnt  in  a 
small  iron  box,  and  the  products  of  combustion  are  carried  to  the  open  air 
by  a  tube.  Another  coiled  tube  runs  up  through  the  box ;  this  communi- 
cates below  with  the  outer  air,  and  above  opens  into  the  rooms.  As  the 
fresh  air  passes  through  this  tube  it  is  warmed  by  the  heat  of  the  gas  stove. 
The  late  Mr  Eassie  spoke  very  well  of  this  stove,  which  he  put  up  in  several 
places.  He  says  he  has  known  one  to  be  persistently  capable  of  registering 
fifteen  degrees  above  the  external  temperature  during  a  very  severe  winter, 
and  that  too  in  a  room  of  over  1700  cubic  feet,  with  the  roof  and  three 
sides  constructed  of  glass.  ^  A  coal  calorigen  is  also  made  which  seems  to 
answer  well.  Of  late  coal-gas  has  been  much  used  for  heating  purposes,  but 
it  is  still  too  expensive  to  allow  of  its  general  application.  Water-gas^ 
which  is  really  almost  pure  hydrogen,  may  in  time  be  made  available :  it 
has  a  very  high  heating  power  compared  with  coal-gas,  and  can  be  produced 
at  a  comparatively  cheap  cost. 

A  plan  which  was  proposed  130  years  ago  by  Desaguliers  is  now  coming 
into  general  use,  viz.,  to  have  an  air-chamber  roimd  the  back  and  sides  of  a 
radiating  grate,  and  to  pass  the  external  air  through  it  into  the  room.  Thus 
a  great  economy  of  heat,  and  a  considerable  quantity  of  gently  warmed  air, 
passes  into  the  room.  In  Sir  D.  Galton's  grate,  and  in  the  plan  proposed  by 
the  late  Sir  E.  Chadwick  for  cottages,  the  lower  part  of  the  chimney  is  also 
made  use  of.  The  advantages  of  these  grates  are  that  they  combine  a  good 
amount  of  cheerful  open  fire,  radiant  heat^  and  chimney  ventilation,  with 
supplementary  warming  by  hot  air,  so  that  more  value  is  obtained  from  the 
fuel,  and  larger  spaces  can  be  more  effectually  warmed.  A  great  number  of 
patents  have  been  taken  out  for  grates  of  this  kind.  The  air-chamber  should 
not  be  too  small,  or  the  air  is  unduly  heated ;  the  heated  surface  should  be 
very  large ;  fireclay  sometimes  gives  a  peculiar  odour  to  the  air,  which  iron 
does  not  do  if  the  surface  of  iron  be  very  large  and  disposed  in  gills ;  a  com- 
bination also  of  iron  and  fireclay  is  said  to  be  good,  and  to  give  no  odour. 
The  conduit  leading  to  the  air-chamber  should  be  short,  and  both  it  and  the 
chamber  should  be  able  to  be  opened  and  cleaned,  as  much  dust  gets  in. 
The  room  opening  of  the  air-chamber  should  be  so  far  up  that  the  hot  air 
may  not  be  at  once  breathed,  and  there  should  be  no  chance  of  its  being  at 
once  drawn  up  the  chimney.  The  action  of  all  stoves  of  the  kind  is  liable 
to  considerable  variation  from  the  action  of  the  wind ;  and  sometimes  the 
current  is  even  reversed  and  hot  air  is  driven  out. 

"  Slow  combustion  grates,"  having  solid  floors,  are  now  much  used.  The 
fuel,  which  is  piled  up  against  the  back,  burns  away  mostly  at  the  upper 
part,  where  the  current  of  air  strikes  the  top  of  the  fuel  on  its  way  to  the 
chinmey.  The  fuel  is  brought  well  forward,  so  that  the  heat  may  be 
radiated  freely,  and  the  flanks  of  the  fireplace  are  splayed  for  the  same 
reason.     The  fire  is  lighted  at  the  top,  and  gradually  bums  downwards. 

Attention  has  been  directed  both  in  France  and  America  to  the  fact  of  the 
comparative  ease  with  which  gases  pass  through   red-hot  cast-iron.      Mr 

*  Sanitary/  Arrangements /or  Dwellings,  1874,  p.  140. 
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Graham  showed  that  iron  heated  to  redness  will  absorb  4*15  times  its 
volume  of  carbon  monoxide;  and  the  experiments  by  MM.  Deville  and 
Troost,  made  at  the  request  of  General  Morin,  proved  that  in  a  cast-iron 
stove  heated  with  common  coal  there  passed  through  the  metal  in  92  hours 
589  c.c.  of  carbon  monoxide,^  or  from  0*0 141  to  0*132  per  cent,  of  the  air 
which  was  slowly  passed  over  the  hot  surface.  In  America,  Dr  Derby  -  has 
directed  particular  attention  to  this  point,  and  has  adduced  very  strong 
reasons  for  believing  that  the  decidedly  injurious  effects  produced  by  some  of 
the  plans  of  warming  houses,  especially  by  air  passing  over  a  cast-iron  furnace 
heated  with  anthracite,  is  due  to  an  admixture  of  carbon  monoxide.  This 
can  only  occur  if  the  stove  be  very  liighly  heated.  Iron  highly  heated  may 
take  up  oxygen  from  the  COg  present  in  the  room,  reducing  it  to  the 
monoxide.  Professor  Coulier  of  the  Val  de  Grace  ^  contended  that  the 
amount  of  carbon  monoxide  passing  through  in  the  experiments  of  Deville 
and  Troost  was  really  so  small,  that  if  mixed  with  the  air  of  a  room  which 
is  fairly  ventilated,  it  would  be  quite  innocuous ;  and  he  believes  (from 
direct  experiment)  that  the  headache  and  oppressive  feeling  produced  by 
these  iron  stoves  are  really  owing,  as  was  formerly  believed,  to  the  relative 
dryness  of  the  air.  But  evidence  is  adverse  to  this  now.  The  gas  passes 
with  much  greater  difficulty  through  wrought-iron,  or  tlirough  stoves  lined 
with  fireclay.* 

A  great  number  of  grates  and  stoves  have  been  proposed,  which  it  is 
impossible  here  to  notice.  In  Germany  many  excellent  stoves  are  now  used, 
which  not  only  economise  fuel  but  warm  the  outside  air,  which  is  admitted 
round  or  under  them.^  The  medical  officer's  advice  will  be  sought,  first,  as 
to  the  kind;  and,  second,  as  to  the  amount  of  heat.  He  will  find  no 
difficulty  in  coming  to  the  conclusion  that  in  most  cases  both  methods 
(radiation  and  convection)  should  be  employed ;  the  air  warmed  by  plates 
or  coils  of  water  pipes  being  taken  fresh  from  the  external  air  and  thereby 
conducing  to  ventilation.  He  will  also  be  called  on  to  state  the  relative 
amount  of  radiant  and  convected  heat,  and  to  determine  the  heat  of  the 
plates,  and  of  the  air  coming  off  them,  and  the  degree  of  humidity  of  the 
air.  The  thermometer,  and  the  dry  and  wet  bulbs,  vnW  give  him  all  the  in- 
formation he  wants  on  these  points.^ 

1  Comptes  Rendus  de  FAcad.,  Jan.  1868.  These  exi)erimeiit8  were  first  undertaken  in  con- 
sequence of  a  statement  by  Dr  Garret,  that  in  the  department  of  Haute-Savoio  an  epidemic 
occurred  which  affected  persons  only  in  the  houses  where  iron  stoves  were,  and  not  porcelain. 

^  Anthracite  and  Healthy  by  G.  Derby,  M.D.,  Professor  of  Hygiene  in  Harvard  University. 

3  Mem.  de  Med.  MU.,  Sept.  1868,  p.  250. 

*  Dr  Bond  has  recommended  a  coating  of  silicate  as  a  preventive  against  the  passage  of 
deleterious  products  through  an  iron  stove. 

*  See  a  good  account  in  Koth  and  Lex's  work  (op.  cit.,  p.  365). 

«  The  late  Sir  R  Chadwick  has  called  attention  to  the  old  Roman  plan  of  the  Hypocaust,  where 
the  floor  of  the  room  is  warmed  by  pipes,  or  by  carrying  smoke-flues  under  it,  and  he  has  con- 
trived some  ingenious  plans  to  carry  out  the  iaea.  There  can  be  no  doubt  of  the  great  com- 
fort of  this  plan,  although  it  appears  to  be  expensive.  Attention  has  also  been  called  to 
heating  on  the  whole  house  system,  and  there  can  be  no  doubt  that  this  is  an  excellent  plan, 
if  proi)erly  carried  out  and  carefully  supervised.  Drs  Drysdale  and  Hayward  in  this  country 
(Health  and  Comfort  in  House  Building,  London,  1872),  and  Dr  Griscom  of  New  York,  have 
devised  ingenious  plans  for  the  purjwse.  In  colder  countries,  such  as  Russia,  the  plan  is  in 
general  use,  but  apparently  witti  little  or  no  regard  to  proper  supply  of  fresh  air  or  carrying 
away  of  foul  air. 


CHAPTER  VIII. 
FOOD. 

SECTION  I. 

GENERAL  PRINCIPLES  OF  DIET. 

Sub-Section  I. — Introductory. 

In  the  widest  acceptation  of  the  term,  Food  includes  everything  ingested, 
which  goes  directly  or  indirectly  to  the  growth  or  repair  of  the  body  or  to 
the  production  of  energy  in  any  form.  In  this  way  it  would  include  not 
only  those  organic  and  mineral  solids  and  the  usual  beverages  recognised  as 
dietetic,  but  also  water  and  air.  For  it  is  quite  obvious  that  without  water 
no  function  of  the  living  body  would  be  possible,  whilst  the  production  of 
energy  is  mainly,  if  not  entirely,  caused  by  the  union  of  the  atmospheric 
oxygen  with  the  organic  matter  of  the  food  or  the  tissues  of  the  body  itsell 
Although  these  facts  are  distinctly  recognised,  it  has  generally  been  the 
practice  to  restrict  the  term  "  food  '*  to  those  substances  which  are  capable 
of  oxidation  and  those  which  act  as  directors  or  regulators  of  nutrition,  to 
the  exclusion  of  air  and  water, — these  two  last  being  usually  considered 
under  separate  heads.  No  one  group  even  of  this  rough  classification  is 
capable  of  sustaining  healthy  life  alone,  and  a  combination  of  all,  or  nearly 
all,  the  different  constituents  of  diet  is  required  to  accomplish  the  best 
results.  It  is  also  necessary  to  limit  the  application,  "  food,"  so  as  to  ex- 
clude generally  medicines  and  poisons,  which,  on  the  one  hand,  either  act 
or  are  intended  to  act  upon  processes  of  unhealthy  nutrition,  or,  on  the 
other  hand,  prevent  tlie  processes  of  healthy  nutrition,  and  so  induce  un- 
healthy nutrition  and  ultimately  dissolution.  Even  here  the  line  cannot 
be  too  strictly  drawn,  for  in  many  cases  it  is  a  question  more  of  quantity 
than  kind  that  determines  the  direction  of  the  action. 

The  enumeration  and  classification  of  the  foods  or  aliments  necessary  to 
maintain  human  life  in  its  most  perfect  state  have  been  usually  based  on 
the  deduction  of  Prout  that  milk  contains  all  the  necessary  aliments  and 
in  the  best  form.  The  substances  in  milk  are — Ist,  the  nitrogenous 
matters,  viz.,  the  casein  principally,  and,  in  smaller  quantities,  albumin, 
lacto-protein,  and  perhaps  other  proteid  bodies;  2nd,  the  fat  and  oil; 
3rd,  sugar  in  the  form  of  lactin;  4th,  water  and  salts,  the  latter  being 
especially  combinations  of  magnesium,  calcium,  potassium,  sodium,  and 
iron,  with  chlorine,  phosphoric  acid,  and,  in  smaller  quantities,  sulphuric  acid. 

In  addition  to  their  occurrence  in  milk,  which  is  admitted  to  be  a  perfect 
food  for  the  young,  this  enumeration  of  aliments  appears  to  be  justified  by 
two  considerations.  First,  that  the  different  members  of  eacli  class,  inter 
St,  have  a  remarkably  similar  composition,  while  there  are  broad  lines  of 
physical  and  chemical  demarcation  between  the  classes  ;  and  secondly,  that 
the  different  classes  appear  to  serve  different  purposes  in  nutrition,  and  are 
all  necessary  for  perfect  health. 
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A.  The  first  pc^int,  the  nmUariiy  of  composition  among  the  different 
members  of  the  same  eliiss,  is  obvious  enoiigli.  The  first  class,  the  nit7*o- 
geno'm  aliments  are  blood-hbrin,  TOiiscle-til>rm  or  syntonin,  myosin,  vegetable 
fibrin,  albumin  in  its  various  forms,  ca^aein  (in  its  animal  and  vpgetjible 
f<  irma),  and  globulin.  Their  composition,  &c*,  are  remarkably  niiifoi-m  \ 
they  contain  between  15*2  and  17  per  cent,  of  nitrogen,  and  maybe  con- 
veniently distinguished  by  the  common  term  of  proteids.  They  c^n  replace 
each  other  in  nutrition,  iiiid  are  for  the  most  i>art  included  under  the  head 
of  ^'  digestible  proteids  '^ ;  the^  are  converted  into  pepttines  in  the  pr«x*e8s 
of  digestion.  Li  all  digestible  nitrtigenoua  fixnl  a  certain  amount  of  pept-tjne 
is  to  he  found,  and  the  artificial  conversion  of  the  proteids  into  peptonisetl 
food  m  of  great  advantage  in  cases  of  wejikened  digestion.  But  care  must 
be  taken  not  to  overdo  this,  so  as  to  deprive  the  digestive  organs  of  the 
exercise  of  their  proper  functions.  There  are  some  otlier  nitrogenous  budies, 
such  as  gelatin  and  choiidrin^  and  the  substances  classed  under  keratin  or 
elastin,  which,  though  approacliing  in  chemical  characters  to  the  other 
suhstjinccs,  are  not  their  nutritive  equals. ^  There  are  still  other  nitrogenous 
substances,  such  as  the  extractives  contained  in  the  juice  of  the  Eeali ;  these, 
although  not  actual  flesh-formers,  appear  to  be  essentiiil  to  nutrition  as 
regulak»rs  and  stimulants  to  digestion,  particularly  when  gelatin  and  bodies 
of  that  kind  form  a  part  of  a  dieL 

The  second  class  (sometimes  called  hydro-carbons)  consists  of  the  various 
animal  and  vegetiible  fati^,  wax,  *^-c,,  the  composition  of  which  is  very 
imiform,  and  the  chief  nutritive  diifeFencea  of  wliich  depend  on  physical 
conditions  of  form  or  aggregation,  which  conditions  cause  some  fats,  when 
acteil  upon  by  the  alimentiiry  fluids,  to  be  more  easUy  aljsorbed  than  others. 

The  (kird  group,  or  the  st^irchy  and  saccharine  substances  (tlit*  carbo- 
hydratei)^  and  their  alhea  or  derivatives  (dextrin,  pectin),  is  equally  well 
characterised  by  cbemicnl  reacmblances,  inter  se^  and  dilferences  from  the 
other  groups,  Tlie  sevend  dietetic  sttirches,  sugars,  including  lactin^  cellidose 
(whose  wajit  of  nutritive  power  is  dependent  on  form  and  aggregation,  and 
which  reqiiireB  for  digestion  a  more  elaborate  apparatus  than  some  animals 
jMissess)^  and  the  various  derivatives  of  the  starches,  are  all  closely  allied. 
There  has  been  S{>me  doubt  whether  pectin  should  t>e  classed  chemically 
with  the  sugar  and  starch  groiip,  as  the  oxygen  and  hytlrogen  are  not  in  the 
projiortiuns  to  form  water,  but  this  is  perhaps  no  ohjuctiun  to  its  association 
m  a  tUetetic  classiUcntion. 

Tln^fotirth  class,  consisting  of  the  *alts  already  noted  and  of  tealtr,  needs 
no  comment. 

B.  The  physiological  evidence  that  these  classy  of  aliments  *<m«  different 
purpoMB  in  nutrition  is  not  so  complete  as  that  of  their  chemical  difl'erences. 

A  broad  distinction  must,  of  course,  be  dra^^ii  between  the  nitrogenous 
and  non-nitrogenous  substances,  Moilern  researches,  which  have  nunh 
nnMlifled  our  opinion  of  the  direction  in  wliich  the  potc^ntial  enci-gy  of  the 
diet-trtic  principles  may  he  manifested  (as  heat,  or  electricity,  or  meclianical 
movement),  and  of  the  motle  in  which  the  nitrogenous  substances,  in  par- 
ticular aid  or  restrain  this  triinaftjrmation,  do  not  impeach  the  proposition 
that  the  presence  of  nitrogen  in  an  organised  structure:,  and  its  participation 
in  the  action  going  on  there,  is  a  necessary  condition  for  the  manifestation 
of  any  energy  or  any  chemical  cliange.    Whether,  when  energy  is  manifested, 

1  Gelfttm  nmy  to  a  certain  extent  raplflce  alburn  in  in  food.  In  the  prmxrrtion  of  2  of  geUt  in 
to  1  of  albumin.  It  heeiiw  to  act  as  ati  itlbiuniu-HpHriDg  footi,  retAraiiig  tb«  luelabolwrn  uf 
protvi^ls,  It  may  be  that  it  i»  rapidly  vplit  u\t  into  a  urta  nod  a  fat  moiety.  (Laudois  and 
blit-liiig*i  Phym&luffiti  Srd  «<lit,  p.  486.) 
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the  nitrogenous  framework  of  any  nitrogenous  structure  is  a  mere  stage  oa 
which  other  ac't<3rs  phiy,  or  whether  it  is  used  up  and  destroyed,  or  is,  on 
thc^  other  hand^  built  uj>  or  renovated  during  action,  is,  so  far  as  classification 
of  f<  lod  is  concerned,  a  matter  of  no  consequence. 

The  following  considerations  seem  to  prove  the  necessary  participation  of 

i  the  nitrogenous  structures  in  manifestations  c»f  energy.  Ever}^  structure  in  the 
bo*!y  in  wliich  any  form  of  energy  is  manifested  (heat,  mechanical  motion, 
chemical  or  electrical  action,  S^c.)  is  nitrogenous.  The  nerves,  the  muscles, 
the  glsind  cells,  the  Hoatiug  cells  in  the  various  liquids,  the  senieu  and  the 
ovarian  cells,  are  jdl  nitrogenous.  Even  the  non-cellular  liquids  ]>iissing 
out  Into  the  alimentary  canal  at  various  points,  which  have  so  great  an 
action  in  preparing  the  food  in  different  ways,  are  not  only  nitrogenous,  but 
the  constancy  of  this  implies  the  necessity  of  the  nitrogen,  in  order  that 
these  actions  shall  be  performed ;  and  the  same  constancy  of  the  presence 
of  nitr<jgen  when  fimctlon  is  perfoniied,  is  apparently  traceable  through  the 
whole  world.  Surely  such  constancy  pn^ves  necessity.  Then^  if  the  nitrogen 
be  cut  off  from  the  hotly,  the  varions  functions  languish.  This  does  not 
occur  at  once,  for  every  body  contains  a  store  of  nitrogen,  but  it  is  at  len^^h 
inevitable.  Again,  if  it  is  wished  to  increase  the  manifestation  of  the  energies 
of  the  various  organs,  more  nitrogen  must  be  supplieti.  The  experiments 
of  Pettenkofer  and  Voit  show  that  the  nitrogenous  substances  composing 
the  textures  of  the  body  determine  the  al>sori)tion  of  oxygen.^  The  con- 
densation of  the  oxygen  from  the  atmosphere,  its  conversion  into  its  active 
condition  (ozone),  and  its  application  to  r>xidation  are,  according  to  their 
experiments,  entirely  under  the  control  of  the  nitrfigenous  tissues  (fixed  and 
flcKiting),  and  are  apparently  pr<3portional  to  their  size  and  vigour,^  and  to 
clianges  occurring  in  them.  The  absorption  of  oxygen  does  not  determine 
the  changes  in  the  tissuei?,  but  the  changes  in  the  tissues  determine  the 
absorption  of  oxygen.  In  other  words,  without  the  participation  of  the 
nitrogenous  bodies,  no  oxidation  and  no  manifestation  of  energy  is  possible. 
The  experiments  show  that  the  absorption  of  oxygen  by  the  lungs  (blood- 

leomposition  and  physical  conditions  of  pressure,  &c.y  remaining  constant) 
is  dependent  on  its  disposal  in  the  body,  and  that  tliia  disposal  is  in  direct 
relation  with  the  aljsolute  and  relative  imioimt  and  action  of  the  nitrogenous 
structures.  Mechanical  motion,  electricity,  or  licat  may  be  owing  to  oxida- 
tion of  fat  or  of  starch,  or  of  nitrogenous  suljstance ;  but^  whatever  be  the 
linal  source,  the  direction  is  given  by  the  nitrogenous  sfcructiirea. 

The  next  point  is  not  quite  so  clear.  Are  the  non-nitrogenous  bodies, 
the  fate  and  the  starches,  t^j  be  again  broadly  separated  intu  two  groups, 
which  cannot  replace  each  other;  or,  are  these  nutritively  convertible?  It 
is  now  certain  that  fat  may  arise  from  protoids,^  so  that  the  nitrogenons 
substance  plays  two  parts — first,  that  of  the  organic  framework,  Lr,,  of  the 
regulator  of  oxidation  and  of  trtLnsformation  of  energy  ;  and,  second,  it  may 
form  a  non-nitrogenoua  substance  wliich  is  oxidised  and  transformed. 

The  experiments  of  Eflward  Smith,  Fick  imd  Wisliecnus,  Haughton,  and 
others,  on  muscular  action,  prove  that  we  must  look  for  the  main  source  of 
energy  which  is  apparent  during  mnscular  action  in  tlie  oxidation  of  non- 
nitrogenous  substances,  but  no  experiments  have  yet  shown  whether  the«e 
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1  JSeiUch.  fSr  Budoffief  Band  u,  p.  457.    See,  especiallj,  the  summiury  of  their  opinion  «t 

je  671. 

^  When  to  II  dlert  of  meat,  which  c&usea  a  cartaut  liheoTptioa  of  oxyjpn,  fioit  or  sagnr  ia  added, 
tho  Ab9»orptioo  of  oryg^a  leaaens  <B&iiko,  Fkys,  des  Merucheny  18&,  p.  145) ;  iio  tb&t  it  is 
HdftUvt}  us  vdl  us  AT>Ho]ut6  ataount  which  comes  into  play. 

'  Protoida  tmy  }'lold  11  per  cent,  of  fat  (Londoia  and  SUrling,  op,  cU,), 
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are  fatty  or  saccharine.  It  seems  to  be  inferred  that  it  is  fat  which  is  thus 
chiefly  acted  upon ;  but  this  opinion  is  rather  derived  from  a  reference  to 
the  universal  presence  of  fat  when  energy  is  manifested,  to  the  known 
necessity  of  it  in  diet  (for  though  the  dog  and  the  rat  (Savory)  can  live  on 
fat-free  meat  alone,  man  cannot  do  so),i  and  from  the  large  amount  of 
energy  its  oxidation  can  produce,  than  from  actual  observation.  If  it  were 
true,  a  broad  distinction  would  be  at  once  drawn  between  fatty  and  starchy 
food,  but  it  is  not  experimentally  proved.  If,  on  the  other  hand,  it  were 
certain  that  the  starchy  aliments  formed  fat  in  the  human  body  as  a  rule, 
this  would  be  a  reason  for  drawing  no  distinction  between  the  groups. 
Independent  of  the  argument  drawn  from  bees  fed  on  sugar  alone  ^  and 
forming  wax,  from  the  fattening  of  ducks  and  geese,  and  the  older  experi- 
ments on  pigs,  the  later  experiments  of  Lawes  and  Gilbert  ^  seem  to  show 
clearly  that  the  fat  stored  up  in  fattened  pigs  cannot  be  derived  from  the 
fat  given  in  the  food,  but  must  have  been  produced  partly  from  nitrogenous 
substances,  but  chiefly  from  the  carbo-hydrates.  So  also  it  seems  now 
probable  that  the  fat  in  milk  is  not  derived  at  once  from  blood,  but  from 
changes  of  albumin  in  the  lacteal  gland-cells.  There  seems  no  reason  why 
we  should  not  extend  the  inference  to  man.  If  so,  a  man  could  live  in 
perfect  health  on  a  diet  composed  only  of  fat-free  meat  and  starch,  with 
salts  and  water,  just  as  he  can  certainly  live  (though  perhaps  not  in  the 
highest  health)  on  meat,  fat,  salts,  and  water.  The  carbo-hydrates  would 
then  be  proved  to  be  able  to  replace  fats.  The  experiment  has  not  yet  been 
performed,  or  at  least  recorded,  but  it  seems  important  it  should  be. 

Many  authorities  *  state  that  fat  is  formed  directly  from  carbo-hydrates, 
and  the  weight  of  evidence  appears  to  favour  this  view  ]  but  whether  it  is 
so  formed  directly,  or  indirectly,  by  retarding  the  metabolism  of  the  fatty 
and  proteid  constituents  of  the  food,  there  is  no  doubt  that  the  consumption 
of  carbo-hydrates  results  in  the  formation  of  fat  within  the  body. 

Grouven's  experiments  also  suggest  that  in  cattle  the  carbo-hydrates  may 
split  up  in  the  alimentary  canal  into  glycerin,  lactic  and  butyric  acids,  and 
carbon  dioxide  and  marsh  gas.  If  this  be  true,  in  the  herbivora  the  starches 
would  be  merely  another  form  of  fat. 

In  man  it  has  been  pointed  out  that,  as  fermentative  changes  occur  in  the 
small  intestines  with  the  production  of  lactic  acid,  so  the  butyric  acid  fer- 
mentation may  possibly  take  place  in  the  sugar  of  the  intestinal  contents. 
By  this  change  the  sugar  would  be  removed  from  the  carbo-hydrate  group 
into  the  fatty  acid  group,  and,  as  Professor  Foster  says,  "  put  on  its  way  to 
become  fat."^ 

An  argument  against  the  fats  and  carbo-hydrates  being  mutually  re- 
placeable under  ordinary  conditions  in  the  diet  of  men  is  drawn  from  a 
consideration  of  the  diets  used  by  all  nations.  In  no  case  in  which  it  can 
be  obtained  is  an  admixture  of  starch,  in  some  form,  with  fat  omitted. 
Moreover,  in  all  cases  (except  in  those  nations,  like  the  Eskimos,  who  are 
under  particular  conditions  of  food),  we  find  that  the  amount  of  fat  taken 
is  comparatively  small  as  compared  with  that  of  starches.  The  fats  when 
taken  into  the  body  enter  like  the   proteids   into  the  structure  of  the 

^  Ranke  could  not  maintain  himself  in  perfect  nutrition  on  meat  alone. — Physiol,  dea 
Menscheny  1868,  p.  149. 

3  Formerly  it  was  supposed  tliat  bees  could  prepare  wax  from  honey  alone  (i.e.,  pure  sugar) ; 
it' is  now  believed  that  an  equivalent  of  albumm  is  required  in  addition,  the  nec^sary  amount 
being  found  in  the  raw  honey  itself  (Landois  and  Stirling,  op.  cit.,  p.  488). 

3  ♦*  On  the  Sources  of  the  Fat  in  the  Animal  Body,"  PhiL  Mag.,  Dec  18d6. 

*  Lawes  and  Gilbert,  Lehmann,  Von  Wolff,  Henueberg,  B.  Scnulse. 

5  Foster's  Physiology,  6th  edition,  §  282. 
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tissues,^  of  wliich  fat  forms  m  prr>bal>ly  all  cases  an  essential  \mYi,  The 
carbo-liydrntes^  on  the  other  hand,  in  the  Imman  body  do  not  appear  to  be 
parts  of  the  tissues,  though  they  are  contained  in  the  fluids  which  bathe 
them,  or  are  contained  in  them.  Tlie  si>eciQi  direction  which  the  chemical 
changes  in  the  eiirhohyd rates  take  in  the  lx)dy  seems  fdso  by  \nAni  to 
special  duties.  Thus,  the  formation  of  lactic  and  other  acids  of  tlie  same 
class  must  arise  from  carbo-hydrates  chiefly  or  solely.  But  the  funnution 
of  these  acids  is  certainly  most  important  in  nuti'ition,  for  the  various 
reactions  of  the  fluids,  which  oiler  so  striking  a  contrast  (the  alkalinity  of 
the  blood,  the  acidity  of  most  mticoua  seeretiooB,  of  the  sweat,  urine,  &c.), 
must  be  chietiy  owing  to  the  action  of  lactic  acid  on  the  phosphates,  or  the 
chlorides,  and  ti3  the  ease  with  which  it  is  oxidised  and  removed.  If  the 
direction  of  the  changes  which  the  carbo-hydrates  midergo  within  the  body 
is  dittercnt  from  that  of  the  fain,  the  prcM_lucts  of  these  changes  must  be 
inferred  to  play  dissimilar  parts. 

Without  pushing  these  arguments  too  far,  and  witli  the  admission  that 
the  subject  is  still  obscure,  we  ;ire  fairly  entitled  t^*  assert  that  the  two 
groups  of  fats  and  carbo-hydrates  are  not  so  immediately  and  completely 
convertible  as  to  permit  us  to  place  them  together  in  a  classification  of 
diets. 

In  the.  second  question  to  which  reference  has  been  made,  viz.,  that  of  a 
nitrogenous  subst4ince  furnishing  fat,  or  a  cajbo-hydnite>  the  case  is  simpler, 
Tiie  experiments  of  Yoit,  and  of  Lawes  and  Gilbert,  as  well  as  other  con* 
sidemtions,  prove  that  the  fat  of  tissues  may  be  derived  fn>m  nitrogenoua 
subs  til  nces,  and  there  are  reasons  to  believe  that  a  glycogenous  siil>stance 
may  also  l>e  derived  f r«>m  proteids.^  It  is  also  probable^  though  not  proved, 
that  these  non-nitrogenous  derivatives  may  he  burnt  up  in  the  muscles  and 
other  parts,  as  Fick  conjectures.^  But  this  cannot  allow  us  to  consider  a 
proteid  as  an  aliment  which  may  replace  fat  or  starch  in  the  case  of  man. 
The  dige^itive  syst^nu  of  man  is  framed  so  diiferently  from  that  of  the  canii- 
vora  that  fat  must  he  taken  in  its  own  form,  for  it  either  cannot  be  formed 
in  sufficient  i|uantity  from  proteid  substances,  or  the  body  is  poisoned  by  tlie 
excess  of  nitrogen  which  is  necessarily  absorbed  tcj  supply  it. 

With  regard  to  the  necessity  of  ail  four  classes  of  aliments,  it  can  l)o 
aflinned  with  certainty  tliat  (putting  scurvy  out  of  the  question)  men  cun 
live  for  some  time  and  can  be  healthy  with  a  diet  of  pro te ids,  fat,  salts,  and 
water.  But  special  conditions  of  life,  sucli  as  gi'eat  exercise,  or  exposure  to 
very  low  temperature,  appear  to  be  necessary,  and  under  usual  conditions  of 
life  health  is  not  very  perfectly  maint^uned  on  such  diet.  It  lias  not  yet 
been  shown  that  men  Cim  live  in  gooil  health  on  pi-oteids,  carbo-hydrates, 
salts,  and  water,  &c.,  without  faf 
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1  Tlie  fals  appear  to  pass  into  the  Ixxly  directly  and  after  AapoDifkation^  which  rendere 
absorption  easy.  The  soap  U  then,  acconling  to  Kadzit'jewski\(  experinienta  fVirchow'i 
Archti\  Band  xliii,  p.  2GS),  reconverted  into  fat.  It  has  be<;ii  siippos^fcl  that  tiie  greater 
part  of  the  tissue  fnt  (fat  ceUa)  is  not  derived  in  this  wav,  but  from  the  tissue  proteids; 
but  Hofmann'a  experiments  and  reasonings  {Zeit^sch.  fur  hu*L^  Ban*!  viii.  p.  153)  seem  to 
flhdvv  that  the  ingi^stcd  fatJ  are  stored  iip  lat^gely.  Cliiiical  observatioaH  certainly  anpport 
thii*  view. 

^  In  addition  to  phvBiological  evidence  from  experimeiitji  on  animals,  there  are  cert&ln 
fonus  of  dia^Hjtej*  which  seem  to  prove  that  sugar  must  be  formed  either  from  proteids  or  f»X^ 
most  probably  the  forrtier. 

a  ArthiD.fikr  ^cm.  J^hyy.,  Band  v.  p.  40. 

*  In  some  experimimtR,  both  with  Liebig's  eammce  of  meat  and  Qansall'^  dried  food  M-ith 
brtJAd,  l>r  Parkcs  wtut  very  much  struck  with  the  bad  effects  produceil  on  the  health  of  the 
exj>erinienterR,  and  with  the  iiameiUate  relief  given  hy  the  atldition  of  butter  and  a  larger 
supply  of  starch,  without  augmeutatioa  in  the  amount  of  uitrogen.  See  A. MM*  Rtvoiis. 
voLx.l8«8. 
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The  exact  effect  produced  by  the  deprivation  of  any  one  of  these  classes  is 
not  yet  known.  An  excess  of  the  proteids  causes  a  more  rapid  oxidation  of 
fat  (and  in  dogs  an  elimination  of  water),  while  an  excess  of  fat  lessens  the 
absorption  of  oxygen,  and  hinders  the  metamorphosis  of  both  fat  and  albu- 
minous tissues.  The  carbo-hydrates  have  the  same  effect  when  in  excess, 
and  appear  to  lessen  the  oxidation  of  the  two  other  classes. 

It  is  generally  admitted  that  the  success  of  Mr  Banting's  treatment  of 
obesity  is  owing  to  two  actions :  the  increased  oxidising  effect  on  fat,  con- 
sequent on  the  increase  of  meat  (especially  if  exercise  be  combined),  and  the 
lessened  interference  with  the  oxidation  of  fat  consequent  on  the  deprivation 
of  the  starches. 

Health  cannot  be  maintained  on  proteids,  salts,  and  water  alone ;  but,  on 
the  other  hand,  it  cannot  be  maintained  without  them. 

The  salts  and  water  are  as  essential  as  the  nitrogenous  substances.  lime, 
chiefly  in  the  form  of  phosphate,  is  absent  from  no  tissue ;  and  there  is  reason 
to  think  no  cell  growth  can  go  on  without  it ;  certainly,  in  enlarging  morbid 
growths,  and  in  rapidly  growing  cells,  it  is  in  large  amount. 

When  phosphate  of  calcium  was  excluded  from  the  diet,  the  bones  of  an 
adult  goat  were  not  found  by  H.  Weiske  to  be  poorer  in  lime,^  because  pro- 
bably lime  was  drawn  from  other  parts;  but  the  goat  became  weak  and 
dull,  so  that  nutrition  was  interfered  with.  Experiment  has  shown  that  the 
growth  of  wheat  is  more  quickly  and  effectually  checked  by  the  absence 
of  phosphoric  acid  than  of  any  other  constituent  from  the  soil.  The 
lowest  forms  of  life  (Bacteria  and  Fungi)  will  not  grow  without  earthy  phos- 
phates. 

Magnesia  is  probably  also  an  essential  constituent  of  growth  in  some  tissues. 
Potash  and  soda,  in  the  forms  of  phosphates  and  chlorides,  are  equally  im- 
portant, and  would  seem  to  be  especially  concerned  in  the  molecular  ciUTents ; 
forming  parts  of  almost  all  tissues,  they  are  less  fixed,  so  to  speak,  than  the 
magnesian  and  lime  salts.  It  is  also  now  certain,  that  the  two  alkalies 
do  not  replace  each  other,  and  have  a  different  distribution;  and  it  is 
so  far  observable,  that  the  potash  seems  to  be  the  alkali  for  the  formed 
tissues,  such  as  the  blood  cells  or  muscular  fibre ;  while  the  soda  salts  are 
more  largely  contained  in  the  intercellular  fluids  which  bathe  or  encircle  the 
tissues. 

The  chlorine  and  phosphoric  acid  have  also  very  peculiar  properties, — the 
former  apparently  being  easily  set  free,  and  then  giving  a  very  strong  acid, 
which  has  a  special  action  on  proteids,  its  presence  being  also  necessary  for 
maintaining  the  globulin  in  solution :  the  latter  has  remarkable  combining  pro- 
perties with  alkalies.  Both  are  furnished  in  almost  all  food ;  the  sodium 
chloride  also  separately.  Carbonic  acid  is  both  introduced  and  made  in  the 
system,  and  probably  serves  many  uses.  Iron  is,  of  course,  also  essential  for 
certain  tissues  or  parts,  especially  for  the  red  blood  corpuscles,  and  for  the 
colouring  matter  in  muscle,  and  in  small  quantity  is  found  almost  in  every 
tissue  and  in  every  food.  The  sulphur  and  phosphorus  of  the  tissues  appear 
to  enter  especially  as  such  with  the  proteids. 

Some  salts,,  especially  those  which  form  carbonates  in  the  system,  such  as 
the  lactates,  tartrates,  citrates,  and  acetates,  give  the  alkalinity  to  the  system 
which  seems  so  necessary  to  the  integrity  of  the  molecular  currents.  The 
state  of  malnutrition,  which  in  its  highest  degree  we  call  scurvy,  appears  to 
follow  inevitably  on  their  absence ;  and,  as  they  exist  chiefly  in  fresh  vege- 
tables, it  is  a  well-known  rule  in  dietetics  to  supply  these  with  great  care, 
though  their  nutritive  power  otherwise  is  small.     So  important  are  those 

1  ZeitacK/Ur  BioL,  Band  vii.  p.  179. 
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substances,  that  they  might  well  be  placed  in  a  separate  class,  although  Dr 
Pavy  remarks  that  "  these  principles  are  hardly  of  sufficient  importance,  in 
an  alimentary  point  of  view,  to  call  for  their  consideration  under  a  distinct 
head."  Surely  this  is  an  imder-estimate  of  their  importance,  considering  the 
inevitable  malnutrition  that  follows  on  their  absence. 

In  addition  to  the  substances  composing  these  four  classes,  there  are  others 
which  enter  into  many  diets,  and  which  have  been  termed  "  accessory  foods," 
or  by  some  writers  "  force  regulators  "  (like  the  salts).  The  various  condi- 
ments which  give  taste  to  food,  or  excite  salivary  or  alimentary  secretions,  and 
tea,  coffee,  cocoa,  alcohol,  &c.,  furnish  the  chief  substances  of  this  class. 
Much  discussion  has  taken  place  as  to  the  exact  action  in  nutrition  of  these 
substances,  but  little  is  definitely  known. 

A  classification,  on  a  simplified  plan,  may  be  made  as  follows : — 


I 


1.  Froteids. 

All  substances  containing 
nitrogen,  of  a  composition  iden- 
tical with,  or  nearly  that  of 
albumin ;  proportion  of  nitro- 
gen to  carbon  being  nearly  as 
2  to  7,  or  4  to  14. 


1  (a).  Substances  containing 
a  larger  proportion  of  nitrogen 
are  apparently  less  nutritious. 

Proportion  of  nitrogen  to  car- 
bon about  2  to  5^,  or  4  to  11. 


1  (6).  Extractive  matters,  such 
as  are  contained  in  the  juice  of 
the  flesh. 


Examples. 

'  Albumin, 
Fibrin, 
Syntonin, 
Myosin, 
Globulin, 

^Casein, 


'^  J  Glutin, 
|j  I  Legumin, 


Gelatin, 
Ossein, 
Chondrin, 
Keratin, 


Functions. 

Formation  and  repair 
of  tissues  and  fluids  of  the 
body. 

Retaliation  of  the  ab- 
sorption aud  utilisation  of 
oxygen. 

May  also  form  fat  and 
yield  energy  under  special 
conditions. 

In  most  foods  the 
above,  both  animal  aud 
vegetable,  are  partially 
converted  into  peptones. 

These  perform  the  above 
functions  less  perfectly,  or 
only  under  particular  cir- 
cumstances. 


These  substances  ap- 
pear essential  as  regulators 
of  digestion  and  assimila- 
tion, especially  with  refer- 
ence to  the  gelatin  group. 


2.  Fals  (or  Hydro-carbons). 

Substances  containing  no 
nitrogen,  but  made  up  of  carbon, 
hydrogen,  and  oxygen ;  the  pro- 
portion of  oxygen  being  /ess  than 
sufficient  to  convert  aU  the  hy- 
drogen into  water. 

Proportion  of  un oxidised  hy- 
drogen to  carbon  about  1  to  7. 

8.  CarhO'hydrates.  \ 

Substances  containing  no 
nitrogen,  but  made  up  of  carbon, 
hydrogen,  and  oxygen ;  the  oxy- 
gen being  exactly  sufficient  to 
convert  all  the  hydrogen  into 
water. 

Proportion  of  water  to  carbon 
being  about  3  to  2. 


Olein, 

Stearin, 

Margarin, 


Starch, 
Dextrin, 
Cane  sugar, 
Grape  sugar, 
Lactin  (or 
milk  sugar), 


Supply  of  fatty  tissues ; 
nutrition  of  nervous  sys- 
tem ?  Supply  of  energy 
and  animal  heat  by  oxi(Ui- 
tion. 


Production  of  energy 
and  animal  heat  by  oxida- 
tion. Conversion  into  fat 
by  deoxidation. 


CLASSIFICATION  OF  PROXIMATE  ALIMENTS. 
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2  . 

g  •{  4.  Salts  (mineral), 


3  (a).  Vegetable  adds  {andpedous^ 
substances  f), 
Sabstances  containing  no 
nitrogen,  but  made  up  of  carbon, 
hydrogen,  and  oxygen  ;  the  oxy- 
gen being  generally  in  greater 
amount  than  is  sufficient  to  con- 
vert all  the  hydrogen  into 
water. 


Examples. 

Oxalic  acid, 
Tartaric  „ 
Citric      ,, 
y  Malic 

Acetic     ,, 
Lactic     ,, 


Functions. 


In  these  the' 
oxygen  is  Tworc 
than  sufficient 
to  convert  all 
the  hydrogen 
.  into  water. 
In  these  there 
is  no  excess  of 
oxygen. 


Preserving  the 
alkalinity  of  the 
blood  by  conver- 
sion into  carbon- 
ates :  furnish  a 
small  amount  of 
energy  or  animal 
heat  by  oxida- 
tion. 


{Sodium  chloride, 
Potassium    ,, 
Calcium  phosphate. 
Magnesium    „ 
Iron,  &c. 


)  Various :  suppoi-t  of 
bony  skeleton,  supply  of 
HCl  for  digestion,  &c.' 
Regulators  of  energy  and 
nutrition. 


Sub-Sbction  II. — Quantity  of  each  Class  of  Proximate  Aliment  in  a 
Good  Diet  for  Healthy  Men. 

We  cannot  deduce  these  quantities  from  milk,  for  this,  though  it  is  a  per- 
fect food  for  the  young,  does  not  contain  the  various  constituents  in  the 
best  proportions  for  adults.  The  relative  amounts  have,  therefore,  been 
determined  partly  hy  observation  on  a  great  numher  of  dietaries,  and  partly 
hy  physiological  experiments.  The  general  results  of  the  whole  are  given 
in  the  following  tables : — 


Average  Daily  Diet  of  Men  in  Quietude. 


Subsistence  Diet  (Playfalr).      1 

Rest. 

Ounces  Avoir. 

Gramraca. 

Ounces  Avoir. 

Grammes. 

Proteids,  .... 

Fats 

Carbo-hydrates, 

Salts,        .... 

Total  water- free  food. 

2-0 

0-5 

12-0 

0-5 

67 

14 

340 

14 

2-5 

10 

12-0 

0-5 

71 

28 

340 

14 

15-0 

425 

16  0 

453 

The  subsistence  diet  is  calculated  as  sufficient  for  the  internal  mechanical 
work  of  the  body,  hut  it  is  douhtful  if  an  average  man  could  exist  on  it 
without  losing  weight,  as  it  supposes  absolute  repose. 

The  diet  for  rest  supposes  very  gentle  exertion,  and  is  probably  the  mini- 
mum for  a  male  adult  of  average  size  and  weight,  say  150  tt)  or  68  kilo- 
grammes. 

Each  constituent  named  above  is,  theoretically,  absolutely  water-free,  but 
practically  the  amoimt  of  water  present  in  the  so-called  solid  food  would  be 
from  100  to  150  per  cent,  more,  so  that  the  weights  respectively  would  be 
abput  32  to  40  ounces  gross  (907  to  1134  grammes). 

For  mere  subsistence,  without  doing  visible  work,  a  man  therefore  requires 
about  ^  of  an  ounce  of  water-free  food  for  each  B)  weight  of  Ins  body,  or 
about  j\jf  of  his  total  weight  every  twenty-four  hours. 

Of  the  standard  diets  given  in  the  next  table,  Moleschott's  scale  has  been 
pretty  generaUy  accepted,  but  the  fat  is  perhaps  rather  low. 
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Standard  Daily  DieU  for  a  Man  in  Ordinary  Work^  vmghing  150  /6«., 
or  68  kilogr amines. 


For  aOO  f  oot-toaft.  or  SMI,OM  kUognnmiA-iDctras. 

For  \m^m 

=523  f  00!^  tons. 

Pettenkfjf«r 
and  Volt.l 

lUnkti.s 

Moleieliou. 

0«.aT, 

Oraia. 

OZ.«T, 

Gmm, 

0*.  «▼* 

Li mm. 

1  0*.  %f. 

Gram. 

ProteidA.      . 

Fftts 

Cftrbo4iyd  rates*    . 
Salta,    .        .        .        . 

Total  water*fi^*e  food, 

4-59 

14*20 
1'06 

130 
84 

404 
30 

4-83 

4*12 

12*40 

1-06 

137 

117 

352 

30 

3-52 
3-52 
8-46 
0-S9 

100 

100 

210 

25 

4*94 

3-17 

15*31 

1-13 

140 
90 

434 
32 

22*87 

648 

22-41 

636 

16-39 

165 

24*66 

696 

Asmiming  the  water-free  food  to  be  23  ounces,  and  a  man's  weight  to  be 
150  Uj,  ea<:h  U>  weiglit  of  the  bj>tly  receiver  in  twenty-fonr  hours  0*15  ounce, 
or  the  whole  body  receives  nearly  y^js  V'^^^  ^^  i^  ^^'^'^  weight. 

Tliia  is  the  dry  foud,  but  ii  ecrUxin  amount  of  water  (between  50  and  60 
per  cent,  umially)  is  contained  m  ordinary  food,  and  adding  this  to  the 
water-free  solids,  the  total  daily  amount  of  so-called  dry  food  (exclusive  of 
liquids)  is  about  48  to  60  ounces.  In  addition  to  this,  from  50  to  80  ounces 
of  water  are  taken  in  some  liquid  forni>  making  a  tcjtal  supply  of  water  of  70 
to  90  ounces  J  or  an  average  of  0*5  ounce  for  each  lb  weight  of  body. 

Tliis  average  amount  of  food  and  water  varies  considerably  from  the  fol* 
lowing  causes : — 

1.  Inilividual  conditions  of  size,  vigour,  activity  of  circulation,  und  of  the 
eliminating  organs,  &c,  ^o  men  eat  exactly  tlie  same,  and  do  single 
atandaitl  will  meet  all  cases. ^  The  usual  average  range  in  ditlerent  male 
adults  is  from  40  to  60  ouncea  of  so-called  sohd  food,  and  from  50  to  80 
ounces  of  water, 

2.  Differences  of  exertion.  If  men  are  undergoing  great  exertion  they 
take  more  food,  and,  if  they  can  obtain  it,  the  increase  is  especially  in  the 
classes  of  proteids  and  fat,  as  sliown  in  the  next  table  following. 

'  ZfiUrJkrift  fur  Bioloffif^  BiLud  ii.  p.  623.     Soniewhat  difftsreut  quantities  are  given  bv  Voit 
in  his  later  rosearches  nmde  with  Forster,  Renk,  and  Scbuiiter  (Mnnichj  1877),  the  fat  during 
work  btnnc  much  increastd*    860  Fliigge,  Lchrbuch  der  hyfjienischen  UnterauehungstnciMden, 
Leip/JK,  1881. 
a  PhfsiohoU  det  Menachen,  1868,  p.  168. 

'  Thifi  hAa  Deen  well  e^rempMed  in  our  convict  pri^sons,  in  which,  w  a  matter  of  conveni- 
eiice,  aoldiew  aro  sometunes  eonfined.  The  ordinary  diets,  which  is  sufficient  for  the  convict, 
is  iDfluiSoient  for  the  soldier,  and  that  for  atrvera.1  reasons  : — I.  Tlie  convict  is  n  smaller  man 
on  the  areriigB.  2.  The  previous  life  of  the  eomrict  i»  an  irregrular  one,  in  which  his  food  is 
generally  insufficient;  whereas  the  soldier*a  life  is  nsually  tlio  opposite,  liLs  food  b  f&irljr 
good  and  his  meala  regular.  3.  The  crimes  for  which  the  convict  is  imjirisnued  are  crimes 
"  ^inst  society,  and  his  removal  to  a  priiion  cannot  Ik?  considered  mucn  of  a  degradation 
__oraliy,  whereas  his  physical  condition  is  really  improved.  On  the  other  hand,  the  soldier's 
'  crime  is  often  one  of  a  military  character  only,  hence  hi.s  removal  to  a  prison  m  a  moral  degra- 
dation, «speciaUy  if  it  be  a  convict  prison,  i'he  re^iult  m  that,  whilst  the  majonty  of  the  dvU 
iiriaoner^  retain  their  weight  or  even  gain,  the  tuajority  of  soldier  prisoners  lose.  It  is  also 
und  that  age  has  an  effiect,  the  older  men  lading,  the  younger  generally  gaining.  Length  of 
_litenc«  has  aho  an  inHuence,  partly  on  account  of  some  diffevence  of  diet  and  work,  but  pro- 
Miably  ohiedy  on  account  of  the  ay  stem  ultimately  accommodating  itself  to  the  altered  con* 
diMooa.  Thus  the  men  who  lose  iira%)it  are — ^tbo  heaviest  originally,  the  oldest,  tIto»e  with 
aborts  aentenc«s ;  tho««  who  aro  statianmrj  or  gain  weight  are — the  lightest  originally,  tho 
yoimgettU  those  with  longest  sentences^  The  data,  from  which  the  above  conolusiona  ape  dimwii, 
were  furniKhed  by  Surgeon-G«neral  J.  A.  Marston,  M*D.,  CB,  (Retired), 
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This  would  represent  of  so-called  solid  food  from  66  to  77  oz.  (1870  to 
2180  grammes). 

The  amoimt  of  water  is  also  increased,  but  is  very  various  according  to 
circumstances,  and  is  apparently  not  so  much  augmented  as  the  solid  food. 

3.  Differences  of  climate.  It  is  a  matter  of  general  belief  that  more  food 
is  taken  in  cold  seasons  and  in  cold  countries  than  in  hot.  It  is  supposed 
that  more  energy  in  some  form  (finally  in  that  of  heat)  is  necessary,  and 
more  food  is  required;  but  there  may  be  other  causes,  such  as  varying  exertion. 

Average  Daily  Water-free  Diet  required  for  an  Advlt  Man  in  very  laborious 
Work^^  or  for  a  Soldier  on  Service  and  in  the  Field. 


Ounces  Avoir. 

*  Grammes. 

Proteids,. 

Fats 

Carbo-hydrates, 

Salts,       .... 

Total  water-free  food, 

6      to     7 
3-5  to     4-5 
16      to  18 
1-2  to     1-5 

170  to  198 
99     to     128 

454  to  510 
34     to       43 

26-7  to  31-0 

767    to    879 

The  following  may  be  taken  as  an  approximative  basis  for  the    calculation 
of  diets  according  to  size  and  work : — 


Proximate 
Aliment 

For  Subsistence. 

For  work  of  about  800 
foot-tons  per  diem. 

For  woric  of  about  100,000 
kilog. -metres  per  diem, 
=823  foot-tons. 

Ounces  Avoir, 
per  lb  of  body- 
weight 

Grammes  per 
kilogramme 
of  body- 
weight 

Ounces  Avoir, 
per  lb  of  body- 
weight 

Amount  to  be 
added  to  sub- 
sistence diet 
per  lb  of  body 
for  every  foot- 
ton  of  work. 

Ounces  Avoir. 

Grammes  per 
kilogramme 
of  body- 
weight 

Amount  to  be 
added  to  sub- 
sistence diet 
per  kilogr.  of 
body-weight 
for  every  1000 
kilog.-metres 
of  work. 

Grammes. 

Proteids, 
Fats,       . 
Carbo-hydrates, 
Salts,      . 

Total, 

0-017 
0-007 
0-080 
0-003 

1-044 
0-412 
6-000 
0-163 

0-031 
0-019 
0-095 
0-007 

0-00005 
0-00004 
0-00005 
0-00001 

2-06 
1-32 
6-38 
0-47 

0010 
0-009 
0-014 
0-003 

0-107 

6-619 

0  152 

0-00015 

10-23 

0-036 

Beyond    300    to    320   foot-tons  (or 
addition  would  require  to  be  greater. 


100,000   kilogramme-metres)    the 


Proximate 
Aliment 

For  work  of  4M  to  MO  f  oot-tons 
per  diem. 

For  work  of  about  160,000  kilogramme- 
metres  per  diem. 
«484  foot-tons  per  diem. 

Ounces  avoir,  per 
lb  of  body  weight 

Amount  to  be 
added  to  ordinary 
work  diet  per  lb  of 
body-weight  for 
every  foot-ton  of 
work  beyond  800. 

Grammes  j)er 

kilogramme 

of  body-weight 

Amount  to  be 
added  to  ordinary 
work  diet  per  kilo- 
gramme of  body- 
weight  for  every 
1000  kilog.-metres 
beyond  100,000. 

Proteids,      . 
Fats,    .        .         . 
Carbo-hydrates,    . 
Salts,  . 

Total,  . 

0-047 
0-080 
0-120 
0-010 

0-000107 
0-000068 
0-000166 
0-000020 

2-91 
1-88 
7-50 
0-63 

0-017 
0-011 
0  024 
0-003 

0-207 

0-000861 

12-92 

0  055 

\ 

^  Playfair  gives  the  diet  of  a 
starch  and  sugar.    There  were 


[hter  in  training  aa  9*^  oi.  y^\a\.^,^-\  1«Xa^  viA^*^ 
of  nitrogen,  and  486ft  gmna  ot  qbs\m»i« 
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In  the  case  of  any  dietj  the  articles  of  which  are  known,  the  amounts  of 
the  four  classes  of  alimentary  principles  may  he  calculated  from  a  table  of 
mean  composition.  The  following  table  is  compiled  from,  in  most  cases, 
several  analyses  by  different  authors,  those  analyses  being  selected  which 
seem  best  to  represent  the  food  of  the  soldier.^ 

Table  for  Calculating  Diets.^ 


Articles. 


Meat  of  best  quality,  with  little  fat,  like 
beefsteaks, 

Uncooked   meat   of  the   kind  supplied  to' 
soldiers,' — beef  and  mutton.     Bone  con- 
stitutes ^th  of  the  soldier's  allowance,     . 

Uncooked  meat  of  fattened  cattle.  Calcu- 
lated from  Lawes'  and  Gilbert's  experi- 
ments. These  numbers  are  to  be  used  if 
the  meat  is  very  fat, 

Cooked  meat,'  roast,  no  dripping  being  lost 
Boiled  assumed  to  be  the  same,  . 

Corned  beef  (Chicago), 

Salt  beef  (Girardin), 

„     pork  (Girardin), 

Fat  pork  (Letheby), 

Dried  bacon  (Letheby), 

Smoked  ham  (J.  Konig),        .... 

Horse  flesh      (    do,    ), 

White  fish  (Letheby) 

Poultry  (Letheby), 

Bread,  white  wheaten,  of  average  quality,  . 

Wheat  flour,  average  quality,* 

Barley  meal  (de  Chaumont), 

Pearl  barley  (Church), 

Rjre  (mean  of  various  analysts),    . 

Biscuit, 

Rice, 

Oatmeal  (Letheby), 

Maize  (Posrgiale)  (cellulose  excluded),  . 

Macaroni  (Konig), 

Millet  (Konig)  (cellulose  excluded),     . 

Arrow-root, 

Peas  (dry), 

Potatoes, 

Carrots  (cellulose  excluded),  .... 

Cabbage, 

Butter  (Bell), 

Eggs  (10  per  cent,  must  be  deducted  for  shell ) 
from  the  weight  of  the  egg),  .       .   ( 

Cheese  (single  Gloster), 

Milk  (sp.  gr.  1029  and  over), 

Cream  (Letheby), 

Skimmed  milk  (Letheby),      .... 

Sugar, 

Pemmican  (de  Chaumont),     .... 


In  100  Paats. 


Water. 


Proteida 


74-4 
76-0 

63-0 

54-0 

62-2 
49-1 
441 
39-0 
15-0 
27-8 
74-3 
78-0 
74-0 
40-0 
15-0 
11-3 
14-7 
13-5 

8-0 
10-0 
15-0 
13-5 
13-1 
12-3 
15-4 
150 
74-0 
85-0 
91-0 

7*5 

73-5 

36-0 
86-8 
66  0 
88-0 
3-0 
7-2 


20-6 
16-0 

14-0 

27-6 

23-3 

29-6 

26-1 

9-8 

8-8 

24-0 

21-7 

18-1 

21-0 

8-0 

11-0 

12-7 

7-3 

131 

15-6 

5-0 

12-6 

10-0 

9  0 

11-3 

0-8 

22  0 

2-0 

1-6 

1-8 

1-0 

13-6 

31-0 
4  0 
2-7 
4  0 

35*4 


Fata. 


3-6 

8-4 

19  0 

16-46 

14-0 
0-2 
7-0 
48-9 
73-3 
36-6 
2-6 
2-9 
3-8 
1-6 
2-0 
2-0 
1-1 
2  0 
1-3 
0-8 
5-6 
6-7 
0-3 
3-6 

2-0 
016 
0-25 
0-5 
90-5 

11-6 

28-5 
3-7 

26-7 
1-8 

66-*2 


Carbo- 
hydrates. 


49-2 
71-2 
71*0 
75-8 
69-3 
73-4 
83-2 
63-0 
64-5 
76-8 
67-3 
83-3 
63-0 
21-0 
8-4 
5-8 


4-8 

2-8 

6-4 

96-6 


Salts. 


1-6 
1-6 

3-7 

2-95 

4-0 
21-1 
22-8 
2-8 
2-9 
10-1 
1-0 
VO 
1-2 
1-8 
0-8 
3  0 
1-0 
2-1 
17 
0-6 
3-0 
1-4 
0-8 
2-3 
0-27 
2-4 
1-0 
1-0 
0-7 
10 

1-0 

4-6 
0-7 
1-8 
0-8 
0-6 
1-8 


1  Of  course,  such  tables  are  merely  approximative ;  but  they  are  very  useful  as  ^vin^  a 
general  idea  of  a  diet,  although  they  are  not  accurate  enough  to  be  used  in  physiologica 
inquiries. 

To  bring  foot 'tons  to  kilogramme-metres^  multiply  by  311.  To  bring  kilogramme-metres  to 
foot-tons  divide  by  311,  or  multiply  by  '003229.  To  convert  foot-tons  per  ounce  into  kilo- 
gramme-metres per  gramme,  multiply  by  10*92.  Thus,  one  ounce  of  proteid  yields  173  foot- 
tons  of  potential  energy,  then  one  gramme  will  yield  173  x  10*92=1889  kilogramme-metres. 

3  For  remarks,  see  separate  sub-sections. 

s  Thesu  numbers  are  taken  Anom  John  Ranke's  analysis. 

^  The  fat  may  be  40  to  60  per  cent,  less  in  finely  sifted  flour. 
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The  mode  of  using  the  table  is  very  simple ;  the  quantity  of  uncooked 

meat  or  bread  being  known,  and  it  being  assumed  or  proved  that  there  is 

no  loss  in  cooking,   a  rule  of  three  brings  out  at  once  the  proportions. 

Thus,  the  ration  allowance  of  meat  for  soldiers  being  12  oz.,  2*4  oz.  or  20 

per  cent,  is  deducted  for  bone,  as  the  soldier  does  not  get  the  best  parts. 

75  X  9*6 
The  quantity  of  water  in  the  remaining  9*6  ounces  will  be  —j^ —  =7*2, 

and  the  water-free  solids  will  be  2*4  ounces.  The  proteids  will  be  1*44 
ounces;  the  fats,  0*8064 ;  and  the  salts,  0-1536  ounce. 

Whenever  practicable,  the  nutritive  value  should  be  calculated  on  the 
raw  substance,  as  the  analyses  of  cooked  food  are  more  variable.  It  must 
then  be  seen  that  no  loss  occurs  in  cooking. 

The  proportion  of  the  nitrogenous  sulwtances  to  the  fats,  carbo-hydrates, 
and  salts  in  the  standard  diets  is  as  follows : — 


Moleschott. 

Pettenkofer 
and  Volt 

Ranke. 

Mean. 

Proteids,        .... 

Fat, 

Carbo-hydrates,    . 
Salts,      .... 

100 
65 

315 
23 

100 
87 

258 
22 

100 

100 

240 

25 

100 
82 

272 
23 

Amount  of  Nitrogen  and  Carbon. — As  the  phenomena  of  nutrition  are 
chiefly  owing  to  the  various  chemical  interchanges  of  nitrogen  and  carbon, 
and  in  some  cases  of  hydrogen,  with  oxygen,  it  may  be  desired  to  calculate 
the  amount  of  these  constituents  in  any  diet.  This  may  be  done  in  two 
ways. 

1.  Calculate  out  the  dry  proteids,  fat,  and  carbo-hydrates  in  oimces,  and 
then  use  the  following  table  ^ : — 


Water-free  constitaenta. 

Nitrogen. 

Carbon. 

Hydrogen. 

Snlphor. 

Proteids :  1  ounce  contains 
Fat,                ,.            „ 
Carbo-hydrates, 

(a)    Starch,           „               .       . 

(6)    Cane-sugar,    „               .       . 

/x/Lactin,     \ 

^^a  Glucose,  /     "               •       • 

Grains. 
70 

Grains. 
212 
336 

194 

184 

175 

Grains. 

8 

48 

Grains. 
6 

The  total  amount  of  carbon  in  one  ounce  of  proteid  is  233  grains,  but  of 
this  30  grains  are  converted  into  urea,  and  are  therefore  oxidised  only  as  far 


1  This,  expressed  as  a  percentage,  is  as  follows : — 

PercentcLge  Composition  qf  Proximate  Principles. 

N.  c.  H.  8. 

Proteid,         ...  16  50  1*8  1*4 

Fat.    ....  ...  75  11 

Carbo-hydrates— Starch,  ...  45 

Cane-suflAT,  ...  42 

Lactin,  Glucose,         ...  40 

J^..0.— These  figures  are  approximate  only. 
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as  carbon  monoxide ;  making  allowance  for  this,  we  have  a  net  total  equal 
to  212  grains  of  carbon  fully  oxidised. 

The  standard  daily  diet  for  an  adult  man  in  ordinary  work,  calculated  in 
this  way,  assuming  the  composition  from  the  table  on  p.  250,  gives — 


Moleachott. 

Pettenkofer 
and  Volt 

Ranke. 

Mean. 

Nitrogen,       .... 

Carbon,  

Hydrogen,     .... 
Sulphur,        .... 
Salts, 

Grains. 

821 
4787 

179 
28 

464 

338 

4817 

236 

29 

464 

Grains. 

246 
4570 

197 
21 

390 

Grains. 

302 
4708 

204 
26 

480 

Not  infrequently  the  standard  is  stated  as  20  grammes  of  nitrogen  and  300 
grammes  of  carbon ;  this  is  equal  to  309  and  4630  grains. 

2.  In  the  following  table,  the  calculation  of  these  ingredients  per  ounce 


Substance. 

One  ounce  («487-5  grains)  contains  In  its  natural  state,  in  grains. 

Carbon, 

Hydrogen, 

Sulphur, 

Water. 

Nitrogen. 

capable 
of  being 
oxidised. 

capable 
of  being 
oxidised. 

capable 
of  being 
oxidised 

Salto. 

Uncooked  meat  (beef)    of  \ 
the  best  quality,    .        .  t 

826 

14-3 

55 

3-2 

1-2 

7 

Uncooked  meat  as  supplied  \ 
to  soldiers,    .        .        .  j" 
Uncooked  fat  meat  (beef), 

828 

10-5 

60 

5-2 

0-9 

7 

276 

9-8 

94 

10-2 

0-8 

16 

Cooked  meat,  . 

286 

19-3 

110 

9-6 

1-7 

13 

Corned  beef  (Chicago),      . 

228 

16-3 

96 

8-6 

1-4 

17 

Salt  beef. 

215 

20-7 

63 

2-5 

1-8 

92 

„     pork, 

193 

18-3 

79 

6-4 

1-6 

100 

Fat  pork. 

170 

6-9 

185 

24-3 

0-6 

10 

Dried  bacon,    . 

66 

6-2 

265 

39-9 

0-5 

12 

Smoked  ham,   . 

122 

16-8 

174 

19-4 

1-4 

44 

Horse  flesh. 

825 

15-2 

55 

2-9 

1-3 

4 

White  fish. 

341 

12-6 

48 

2-8 

1-1 

4 

Poultry,  .... 

324 

14-7 

67 

3-5 

1-3 

5 

Bread,      .... 

175 

5-5 

116 

1-3 

0-5 

6 

Wheat  flour,     . 

66 

7-7 

166 

1-9 

0-7 

4 

Barley  meal,     . 

49 

8-9 

173 

2-1 

0-8 

18 

Pearl  barley,     . 

64 

51 

167 

1-1 

0-4 

4 

Rye,         .... 
Biscuit 

59 

9-2 

168 

2-0 

0-8 

9 

85 

10-9 

180 

1-8 

0-9 

7 

Rice,        .... 

44 

3-5 

175 

0-8 

0-3 

2 

Oatmeal, .... 

66 

8-8 

168 

3-7 

0-8 

18 

Maize,      .... 

59 

7-0 

169 

4-0 

0-6 

6 

Macaroni, 

57 

6-3 

169 

0-9 

0-5 

3 

Millet,     .... 

54 

7-9 

166 

2-6 

0-7 

10 

Arrow-root,      . 

57 

0-6 

162 

0-1 

1 

Peas  (dried),     . 

66 

15-4 

156 

2-8 

1-3 

10 

Potatoes,  .... 

824 

1-4 

45 

0-3 

0-1 

4 

Carrots,    .... 

372 

1-1 

20 

0-2 

01 

4 

Cabbage,. 

898 

1-3 

17 

0-3 

0-1 

3 

Butter,     .... 

33 

0-7 

299 

43-6 

0-1 

4 

Eggs,        .... 

822 

9-4 

68 

6-7 

0-8 

4 

Cheese 

167 

21-0 

161 

17-2 

1-9 

20 

Milk  (sp.  gr.  1029  and  over), 

880 

2-8 

80 

2-1 

0-2 

3 

Cream,     .... 

289 

1-9 

100 

18-0 

0-2 

8 

Skimmed  milk. 

885 

2-8 

24 

1-2 

0-2 

3 

Sugar 

13 

... 

178 

2 

Pemmican, 

81 

24*8 

260 

29"8 

2-i 

8 
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has  been  made, — the  substance  being  supposed  to  bo  in  its  natural  state,  and 
to  have  the  composition  abeady  assigned  to  it  in  the  fonner  table. 

The  usual  range  is  from  250  to  350  grains  of  nitrogen  for  adult  men, 
and  the  extreme  range  is  from  2  to  7  oimces  of  dry  proteid,  or  from  140 
grains  of  nitrogen  (which  is  the  smallest  amoimt  necessary  for  the  inner 
movements  of  the  body  and  the  bare  maintenance  of  life,  as  calculated 
by  Playfair),  to  483  or  500  grains,  which  is  the  amount  taken  imder 
very  great  exertion.  Edward  Smith's  careful  observations  on  ill-fed  and 
fairly-fed  operatives  give  a  range  from  135  grains  of  nitrogen  and  3271 
grains  of  carbon  (in  London  needlewomen)  to  349  grains  of  nitrogen  and 
6195  grains  of  carbon  (in  Irish  farm  labourers.)  Usually,  however,  in  what 
are  almost  starvation  diets,  the  nitrogen  is  180  to  200  grains,  and  the  carbon 
from  3900  to  4300  grains  (Edward  Smith's  investigations  into  the  food 
in  Lancashire  during  the  cotton  famine).  In  convict  prisons,  Dr  Wilson 
tells  us  that  the  men  on  light  labour  receive  224  grains  of  nitrogen 
and  4651  grains  of  carbon,  and  this  is  sufficient.  Those  on  hard  labour 
receive  255  grains  of  nitrogen  and  5289  grains  of  carbon,  and  on  this  diet 
they  lose  weight,  and  have  to  be  continuously  shifted  from  heavy  to  lighter 
work.  In  the  case  of  military  prisoners  at  hard  labour  even  281  grains  of 
nitrogen  and  5373  grains  of  carbon  were  insufficient  to  prevent  men  losing 
weight.  In  India  an  improved  diet  was  introduced  by  the  late  Surgeon- 
General  Beatson,  C.B.,  in  which  the  nitrogen  was  about  300  grains  and  the 
carbon  about  5300.  This  appears  to  have  been  sufficient  to  prevent  loss  of 
weighty  although  there  was  a  deficiency  of  fat.  The  carbon  ranges  in  various 
diets  from  3600  to  5800  or  6000  grains.  The  amount  of  the  salts  appears 
rather  large ;  it  is  difficult  to  test  it  by  determining  the  salts  in  the  excreta, 
as  so  much  sodium  chloride  and  lime  salts  are  lost  through  the  skin,  and 
some  of  the  excreted  salts  may  also  be  mere  surplusage.  The  salts  seem  to 
be  made  up  of  chlorine,  120  grains ;  phosphoric  acid,  50  grains ;  potash,  40; 
soda,  40;  lime,  about  4  grains  by  the  urine  (Byasson)  and  some  by  the  bowels ; 
magnesia,  4*7  grains  by  the  urine  and  a  considerable  amoimt  by  the  bowels ; 
and  iron,  the  amoimt  of  which  is  uncertain. 

Actual  experiment  has,  to  a  great  extent^  confirmed  the  conclusions 
drawn  from  a  study  of  these  dietaries.  Pettenkofer  and  Voit,  in  two 
healthy  men,  determined  many  times  the  amoimt  of  nitrogen  during 
common  exercise,  and  found  it  to  be  19*82  grammes,  or  306  grains.  Dr 
Parkes  experimented  on  four  healthy  average  men  in  common  work,  and 
found  the  amount  which  kept  them  in  perfect  health  and  uniform  weight 
was  293  to  305  grains  of  nitrogen  in  twenty-four  hours.  All  these  deter- 
minations are  near  Moleschott's  numbers.  The  amount  of  carbon  is,  how- 
ever, perhaps  too  large.  A  certain  proportion  between  the  carbon  and 
nitrogen  ought  to  be  maintained ;  in  the  best  diets  this  is :  Nitrogen  1  to 
carbon  15.^ 

Sub-Section  III. — On  the  Energy  Obtainable  from  the  various 
Articles  of  Food. 

The  possible  amount  of  energy  which  can  be  manifested  in  the  body  will 
be  the  result  of  two  conditions, — first,  the  amount  of  potential  energy  stored 
up  in  the  food,  which  is,  of  course,  easily  determined  and  expressed  in  terms 
of  units  of  heat  or  of  motion ;  and  second,  the  extent  to  which  the  processes 
in  the  body  can  liberate  and  apply  this  energy.     For  example,  an  ounce  of 

1  "  The  Soldier's  Ration,"  by  F.  de  Chaumont,  Sanitary  Record,  Feb.  6, 1876. 
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albumin  can  give  rise  to  a  certain  heating  effect,  if  it  be  burnt  in  oxygen ; 
but  in  the  body  thorough  oxidation  can  never  occur,  for  some  of  the  con- 
stituents of  the  albumin  pass  out  incompletely  oxidised  in  the  form  of  urea. 
An  ounce  of  sugar,  on  the  other  hand,  is  as  a  general  rule  destroyed  to 
the  fullest  extent,  and  ends  in  carbon  dioxide  and  water,  and  its  actual 
energy  in  the  body,  under  whatever  form  it  appears,  is  equal  to  its  theo- 
retical energy.^ 


One  ounce  of  dry  proteid  yields    .  .   173 

„    fat, 378 

„  ,,    starch,       .  .138 

,,  ,,     cane-sugar,  .181 

,,  „     lactin  or  glucose,      .       .124 

One  grain  of  carbon  (converted  into  CO,),         0*710 
,,  hydrogen  (water),    .       .  3*000 

sulphur  (SO3) 0-205 

,,  phosphorus  (PaOj),  .  0*510 

f,  carbon  (forming  urea),    .  0*198 

One  cubic  foot  of  carbonic  acid  (C0«)  at    )    ^  ^o 
0^  C.  shows  .       .       .       .       .       .     1    ^^^ 

One  ounce  of  water  (H^O)  shows  .       .     .    146 


foot-tons  of  potential  energy. 


foot-tons  expended, 


In  the  following  table  Dr  Frankland's  experimental  results  have  been 
selected  as  the  most  exact,  but  they  agree  very  closely  with  the  theoretical 
results,  particularly  with  those  given  by  Playfair^  and  others.  Some  of 
the  numbers  are  calculated  from  the  ascertained  composition  of  the 
substance. 

A  table  of  this  kind  is  useful  in  showing  what  can  be  obtained  from  our 
food,  but  it  must  not  be  supposed  that  the  value  of  food  is  in  exact  relation 
to  the  possible  energy  which  it  can  furnish.  In  order  that  the  energy  shall 
be  obtained,  the  food  must  not  only  be  digested  and  taken  into  the  body 
properly  prepared,  but  its  energy  must  be  developed  at  the  place  and  in  the 
manner  proper  for  nutrition.  The  mere  expression  of  potential  energy 
cannot  fix  dietetic  value,  which  may  be  dependent  on  conditions  in  the 
body  unknown  to  us.     For  example,  it  is  quite  certain,  from  observation, 


1  The  mechanical  energy  obtainable  from  the  transformation  of  albumin  is  found  by  calcu- 
lating the  calorific  value,  and  then  converting  this  into  mechanical  energy.  Playfair  adopts 
the  calorific  units  of  Dr  Andrews,  viz.,  7900  for  carbon,  converted  into  carbon  dioxide  ;  33,o08 
for  hvdrogen  ;  2307  for  sulphur ;  and  2227*7  for  carbon,  converted  into  carbon  monoxide. 

Calorific  unit=l  gramme  of  water  raised  1  degree  centigrade.  The  calculation,  how  much 
calorific  power  is  contained  in  one  ounce  of  dry  albumin  is  thus  done.  Taking  the  composition  of 
albumin  as— carbon,  53*8  ;  hydrogen,  7  ;  nitrogen,  15'7  ;  oxygen,  22*3  ;  sulphur,  1*2  ;  there 
are  in  one  ounce  (437*5  grams)  of  albumin,  carbon,  235*37  grains  ;  hydrogen,  30-62  grains  ; 
nitrogen,  68-68  grains ;  sulphur,  5*25  grains  ;  oxA'geu,  97*66  grains— total,  437*48  grains. 
Some  of  the  carbon  (f )  is  converted  into  CO  ;  some  (f)  into  CO3  ;  some  of  the  hydrogen  com- 
bines at  once  with  the  oxygen  to  form  water ;  the  sulphur  takes  oxygen  from  the  air,  and  be- 
comes SO4.     Multiplying  then  those  numbers  by  the  calorific  units  above. 

Cf=20175x  7,900    =1,593,8*25 
Cf=  33-62 X  2,227-7=      74,895 

H=    8-05x33,808    =    272,154 

S=    5-25  X  2,307    =      12,111 

Total,    1,952,985 

This  number  l>eing  brought  into  kilogrammes  by  dividing  by  the  number  of  grains  in  a  kilo 
gramme  (15,432),  the  result  is,  that  the  transformation  of  one  ounce  of  albumin  would  develop 
heat  enough  to  raise  126*5  kilogrammes  of  water  1**  cent.  Now  Joule's  equivalent  of  heat,  viz., 
one  kilogramme  of  water  raised  lucent  =425  metre  kilogrammes.  Therefore  126*5x425= 
53,762  kilogrammes  raised  one  metre  high.  To  convert  this  into  foot-tons  multiply  by 
•003229  ;  the  product  is  173  foot-tons  of  potential  energy. 

3  On  the  Food  of  Man  in  relation  to  his  uatful  ir&r£,  1865. 
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that  gelatin  cannot  fully  take  the  place  of  albumin,  though  its  potential 
energy  is  little  inferior,^  and  it  is  easily  oxidised  in  the  body.  But,  owing 
to  some  circumstances  yet  unknown,  gelatin  is  chiefly  destroyed  in  the 
blood  (?)  and  gland  cells,  and  its  energy,  therefore,  has  a  different  direction 
from  that  of  albumin.  The  tables  of  energy  give  broad  indications,  and  can 
be  used  in  a  general  statement  of  the  value  of  a  diet ;  but  at  present  they 
do  not  throw  light  on  the  intricacies  of  nutrition. 

Energy  developed  hy  one  ounce  of  the  following  Svbstances  when  oxidised 

in  tJie  Body, 


Name  of  Substance. 


Beef,  uncooked,  best  quality  (beefsteaks), 

Meat,        ,,        as  supplied  to  soldiers, 

Beef,         ,,        fattened, 

Meat,  cooked, 

Corned  beef  (Chicago), 

Salt  beef, 

Salt  pork. 

Fat  pork, 

Dried  bacon. 

Smoked  ham, 

Horse  flesh, 

White  fish. 

Poultry, 

Bread,     . 

Wheat  flour. 

Biscuit,  . 

Rice, 

Oatmeal, 

Barley  meal. 

Pearl  barley, 

Bye,  . 
Maize,  . 
Macaroni, 
Millet,  . 
Arrowroot, 
Peas  (dried), 
Potatoes, 
Carrots,  . 
Cabbage, 
Butter,   . 


Cheese,   . 
Milk  (cow's), 
Cream,    . 
Skimmed  milk, 
Sugar,     . 
Pemmican, 
Ale  (Bass's  bottled), 
Stout  (Guiness's), 


In  usual  state,  v?ith  the 

same  percentage  of 

water  as  in  the  tab'.e 

on  p.  250. 


Foot*ton8. 

49 

58 

96 
106 

93 

52 

71 
202 
292 
179 

48 

42 

60 

88 
124 
133 
127 
130 
127 
122 
126 
131 
124 
126 
116 
119 

83 

16 

13 
839 

68 
150 

27 
109 

21 
126 
270 

30 

42 


One  ounce,  water-free. 


Foot-tons. 
191 
232 
260 
231 
194 
102 
127 
331 
344 
248 
187 
191 
192 
147 
146 
144 
141 
153 
144 
143 
146 
162 
142 
144 
136 
140 
127 
107 
144 
361 
257 
237 
205 
321 
175 
130 
293 
260 
360 


1  One  gramme  of  dry  isinglass  will  develop  4620  heat-units  when  burnt  in  oxygen ;  one 
gramme  of  dry  boiled  ham,  4343  ;  one  gramme  of  dry  beef,  5313  heat-units  (Frankland,  Philas. 
Mag.,  Sept.  1866,  p.  169).  The  potential  energy  of  isinglass  is  more  than  that  of  ham,  but 
its  nutritive  power  is  far  inferior. 
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Sub-Sbction  IV, — On  the  Relative  Value  of  FooDa  of  the  eame  Class. 

The  chemical  composition  of  animal  and  vegetable  proteids  is  very 
fiimiliir,  and  tliey  manifestly  serve  ec^ual  pnrj>oses  in  the  hrxiy.  The  meat^ 
eater,  and  the  man  who  livea  on  corn,  or  peas  and  rice,  are  equally  well 
nourished.  But  it  has  Ijcen  supposed  that  either  tlie  kind  or  the  rapidity 
of  nutrition  is  different^  and  that  the  man  who  feeds  on  meat,  or  the  camivo- 
ri>us  animal,  will  be  more  active,  tuid  more  able  to  exert  a  sudden  \iolent 
effurt,  than  the  vegetarian,  or  tlie  her!>ivuroiis  animal,  whose  focni  has  an 
equal  potential  energj',  but  which  is  supposed  to  be  leas  easily  evolved, 
Tlie  evidence  in  favour  of  this  view  seems  very  imperfecta  The  ra])id  move- 
ments of  the  carnivora  have  been  contraated  with  the  slow,  dull  action  of 
domestic  cattle  ;  but,  not  to  speak  of  the  horse,  who,  that  has  seen  the  light- 
niiifT  movement  of  the  wild  antelope  or  cow,  or  even  of  the  wild  pig,  wliich 
is  herbivorous  in  many  cases,  can  doubt  that  vegetiible  feeders  can  exert  a 
movement  even  more  rapid  and  more  enduring  than  the  tiger  or  the  wolf  ? 
And  the  evidence  iii  men  is  the  same.  In  India,  the  ill-fed  people,  on  rice 
I  and  a  little  millet  or  pea,  may  indeed  show  less  power ;  but  take  the  well* 
'  fed  corn  eater,  or  even  the  well-fed  rice  and  pea  eat^r,  and  he  will  show, 
when  in  training,  no  inferiority  to  the  meat-eaters.  An  argument  has  been 
drawn  frL>m  the  complicated  alimentary  canal  of  the  herbivora,  hut  probably 
this  is  chiefly  useful  in  digesting  the  cellulose,  and  the  tligestion  iind 
abstjrption  of  proteids  may  1)0  as  rapid  as  in  other  aniiUEds. 

It  apj>ears  fi'om  Dr  Beaumotit^s  exi>erLment^  tliat  animal  food  is  digested 

■  sooner  than  farinaceous,  and  possibly  me-at  might  therefore  replace  more 

^  quickly  the  wasted  nitrogenous  tissue  than  bread  or  peas ;  and  it  may  be 

true^  as  asserted,  that  the  change  of  tissue  is  more  quick  in  mciit-eatcrs,  who 

require,  therefore,  more  frequent  supplies  of  food.     Even  this^  how^ever,  seems 

not  yet  thoroughly  proved. 

,       It  has  been  also  supposed  that  there  is  a  diflerence  in  the  nutrition  of  even 

Isnch  nearly  allied  substances  as  wheat  and  barley,  but  the  evidence  is  im- 

^  perfect,  and  is  perhaps  dependent  on  differences  in  ease  of  digestion. 

With  respect  to  the  fata,  their  differences  of  nutrition  are  probably  de- 
pendent entirely  on  facihty  of  digestion  and  absorption.  The  animal  fats 
apjiear  easier  of  absorjition  than  the  vegetable.  Berthe  *  foimd  that,  in 
a<ldition  to  the  fat  in  his  onlinary  diet,  be  could  absorb  30  grammesi  or 
1'06  ounces  of  cod-liver  oil,  hutt**r,  or  other  animal  oil;  in  some  instances 
1  j  ounces  were  al^sorbed.  Of  vegetable  oils  only  20  gi'ammes,  or  0*7  ounce, 
were  absorbed.  When,  in  experiments  with  cod-liver  oil,  40  grammes  were 
taken,  31 '5  werie  absorbed,  85  passi^d  by  the  buwels;  when  60  grammes 
were  taken,  48  were  absorbed  and  12  passed.  But  when  he  took  60 
grammes  dail}^,  the  amoinit  of  fat  in  the  fBct^es  gradually  increased,  until  50 
grammes  daily  passed  oti"  in  that  ivay.  In  the  dog,  however,  Bischoff  and 
Voit  found  that  250  and  300  grammes  (8*8  and  10*6  ounces)  of  butter  were 
easily  alisorbed.  During  the  digestion  of  the  fata  they  are,  probably,  in 
port  decomposetl  j  and  tlie  fatty  acids,  like  the  acids  derived  from  the  starch, 
myst,  to  a  certain  extent,  antagonise  the  introduction  of  alkali  in  the  food. 

The  various  carlx> hydrates  are  generally  supposed  to  be  of  equal  value. 

'  Starch  requires  a  little  more  preparation  by  the  iligestive  fluids  than  grape 

■^ugar,  into  whicii  it  appears  first  to  pass ;  but  the  change  is  so  rapid  that  it 

can  hardly  be  made  a  point  of  diiference  between  them.     It  is  observable, 


4 


4 
4 


1  LudvHff'i  Ph^»,,  B&ad  IL  p.  668. 
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however,  that  even  when  sugar  is  cheap  and  accessihle,  it  is  not  used  to 
replace  starch  entirely ;  but  tliis,  perhaj^s,  may  be  a  matter  of  taste, 

S^b-Section  V,^ — ^The  Digestibility  of  Food. 

In  order  that  food  shall  be  digested  and  absorbed,  two  conditions  are 
necessary ;  the  food  must  be  in  a  fit  state  to  be  digested,  and  it  must  meet 
in  the  alimentiiry  canal  with  the  chemical  and  physical  conditions  which  can 
digest  and  absorb  it 

Fitness  for  digestibility  depends  partly  on  the  original  nature  of  the  sub- 
stance, as  to  hardness  and  cohesion,  or  chemical  nature,  and  partly  on  the 
manner  in  which  it  can  be  altered  by  cooking,  Tables  of  degree  of  digesti- 
bOity  have  been  formed  by  several  ivritersj  and  especially  by  Dr  Beaumont^ 
by  direct  experiment  on  Alexis  St  Martin  ;  but  it  must  be  remembered  tliat 
these  are  merely  approximative,  as  it  is  so  difficult  to  keep  the  conditions  of 
cooking  equal.  ^ 

Kiee,  tripe,  whipped  (ig*^  sago,  tapioca,  barley,  boiled  milk,  raw  eggs,  Iamb, 
parsnips,  roasted  and  baked  potatoes,  and  fricasseed  chicken  are  the  most 
easily  digested  substances  in  the  order  here  given, — the  rice  disappearing 
from  the  stomach  in  1  hoiu",  and  the  fricasseed  chicken  in  2J  hours.  Bee^ 
pork,  mutton,  oysters,  butter,  bread,  veal,  boiled  and  roasted  fowls,  are  rather 
less  digestible, — roast  beef  disiippearbig  from  the  stomach  in  3  hours,  and 
roast  fowl  in  4  hours.     Salt  beef  and  pork  disappeared  in  4J  hours.^ 

Afl  a  rule,  Beaumont  found  animal  food  digested  sooner  than  farinaceous^ 
and  in  proportion  to  itij  minuteness  of  division  and  tenderness  of  fibre. 

The  admixture  of  tlie  different  classes  of  foods  aids  digestibility  ;  thus  fat 
taken  with  meat  aids  the  digestion  of  the  meat ;  some  of  the  accessory  foods 
probably  increase  the  outpour  of  saliva,  gastric  juice,  or  intestinal  secretion* 

The  degree  of  finene^ss  and  di^^sion  of  food  ;  tlie  amount  of  solidity  and  of 
trituration  which  should  be  left  to  the  teeth,  iu  order  that  the  iluids  of  the 
mouth  and  salivary  glands  may  flow  out  in  due  proportion ;  the  bulk  of  tlie 
food  which  should  be  taken  at  once,  are  points  seemingly  slight,  but  of  real 
importance.  There  is  another  matter  which  appears  to  aifect  digestibilityi 
viz,,  variety  of  food. 

According  to  the  best  writers  on  diet,  it  is  not  enough  to  give  the  proxi- 
mate dietetic  substances  in  proper  amount  Variety  must  be  introduced  into 
the  food,  and  different  s^ibstances  of  the  sarae  class  must  be  alternately 
employed.  It  may  appear  suigular  that  this  shoidd  be  necessary ;  and 
certainly  many  men,  and  most  animals,  have  perfect  health  on  a  very 
tinifonn  diet.  Yet  there  apj>ears  no  doubt  of  the  good  effects  of  variety,  and 
its  action  is  probably  on  primary  digestion.  Sameness  cloys;  and  with 
variety  more  food  is  taken,  and  a  larger  amount  of  nutriment  is  introduced. 
It  is  impossible,  with  rations,  to  introduce  any  great  variety  of  food  ;  but 
the  same  object  appears  to  be  secured  by  having  a  variety  of  cooking,**  In 
the  case  of  children,  especially,  a  great  improvement  in  health  takes  place 
when  variety  of  cooking  is  introduced ;  and  by  this  plan  (among  others),  the 
late  Dr  Balfour  succeeded  marveUoualy  in  improving  the  health  of  the  boys 
in  the  Duke  of  York's  schooL 


J  The  pr«pAration  of  food  by  cooking  is  so  iinportiint  a  irtatter,  that  the  art  of  cookery 
otiAht  not  to  bo  conaidewd  »a  merely  the  doniaia  of  the  gourmand.  Health  w  greatly 
iiifuenced  by  it,  and  it  is  really  a  subject  to  be  yractiuaily  Btudied  by  fihemists  una 
ptiysiologiBta. 

*  An  extended  table  is  given  in  Cox's  excellent  edition  of  ComboV  Physiology  <^  Digmiim, 
p.  123. 

•  On  thiji  subject  we  Meinert's  M^uet^SmUhfung,  Bwlin,  1686» 
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The  internal  coBditions  of  abundance  and  proper  composition  of  the 
alimentary  iliiids,  and  the  action  of  the  muscular  filires  in  moving  the  food^ 
so  that  it  shall  be  submitted  to  them,  depend  on  the  perfection  of  the  nervous 
currents,  the  vigour  of  circidation,  and  the  composition  of  tlie  blood.  Many 
of  the  digestive  diseases  the  physician  has  to  treat  depend  on  alterations  in 
these  conditions,  so  that  the  food  is  only  imperfectly  digested.  Experi- 
mente,  by  P16sz,  Maly,  and  Gyergyai,  seem  to  show  the  value  of  converting 
the  proteids  into  peptones  by  artificial  digestion,  so  as  to  aid  the  digestion  of 
the  sick,^  and  clinical  experience  has  amply  confirmed  tliis  opinion. 

In  framing  diets,  it  is  well  to  remember  that  almost  every  article  lias 
some  portion  which  is  more  or  less  indigestible,  but  which  is  generally 
included  in  the  calculation  of  its  proximate?  or  ultimate  constituents.  The 
proportion  thus  unutilised  varies,  but  it  ranges  on  an  average  from  5  to  10 
per  cent.     Elaborate  tables  are  given  by  Fltigge  ^  and  Meinert,^ 


SECTION  II. 
DISEASES  COKNECTEB  WITH  FOOD. 


So  great  is  the  influence  of  food  on  health,  that  some  writers  have  reduced 
hygiene  almost  t4>  a  branch  of  dietetics,  Hapf^iness,  as  well  as  health,  is 
considered  to  be  insured  or  imperilled  by  a  good  or  impiroper  diet,  and  high 
moral  considerations  are  supposed  to  be  involved  in  the  due  performance  of 
digestion.  If  there  is  some  exaggeration  in  this,  there  is  much  truth ;  and 
doubtless,  of  all  the  agencies  which  aflect  nutrition,  tlxLs  is  the  most  iiii* 
portant. 

The  diseases  connected  with  food  form,  probably,  the  most  numerous 
order  which  proceeds  from  a  single  class  of  causes ;  and  so  important  are 
they,  that  a  review  ol  them  is  equivalent  to  a  discussion  on  diseiiaeB  of 
nutrition  generally. 

It  is,  of  course,  impossible  to  do  more  here  than  outline  so  large  a  topic. 

Diseases  may  be  produced  by  alterations  (excess  or  deficiency)  in  qnan- 
tity  ;  by  imperfect  conditions  of  digestibility,  and  by  si>ecial  ch.iracters  of 
quality. 

Sub-Section  L — Alterations  in  Quantity. 

L  Exc^M  of  Food,— In  some  cases,  food  is  tiiken  in  such  excess  that  it  is 
not  absorbed ;  it  then  undergoes  chemical  changes  in  the  alimentary  canal, 
and  at  last  putrefies  ;  quantities  of  gas  (carbon  dioxide,  carburetted  hydrogen, 
and  hydrogen  sulphide)  are  formed.  As  much  as  30  Bb  of  a  half-putrid  mBm 
have  been  got  rid  of  by  pui-gatives.^  Dyspepsia,  constipation,  and  irritation, 
causing  diarrhcea  which  does  not  always  empty  the  bowels,  are  produced, 
sometimes  some  of  the  putrid  substances  are  absorbed,  as  there  are  signs  of 
evident  poisoning  of  the  blood,  a  febrile  condition,  torpor  and  heaviness,  fcBtor 
of  the  breath,  and  sometimes  possibly  even  jaundice.  It  was,  no  doubt,  cases 
of  this  kind  which  led  to  the  routine  practice  of  giving  purgatives ;  and  as 

I  •'  Ucber  Peptone/'  A  rchiv/Qr  die  Oes.  P4y».,  Band  ijc  p.  323. 

*  UnUrniichun&m^  &c,  p.  i24. 

*  Armf€-und  VolJi-^'Em(UiTvngt  Berlin^  1880,  vol  i  pp.  129-131,  is  wliich  he  qooten  from 
Rubncr  {KeiUchr./.  Biologic  %\\  a.  rvi,)  and  VoiL 

*  A  gocxi  case  of  thin  kind  is  recorded  by  Routh  {Faft^nl  Fn^menlatum,  p.  19^  Some  oon. 
victa  in  AuHtralia  rectfived  from  7^  to  7^  lb  of  food  d»ily.  ObRtinate  oon8ti]i&tioii,  dyapvpAA, 
diarrhoea,  skin  di8«afies«  and  ophthnlmiA  were  produced.    Puif^iives  brought  ftw«y  urge 

qimntitiea  of  h&lf -putrid  i " 
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this  coodition,  in  a  moderate  degree,  is  not  uncominon,  the  use  of  purgatives 
will  probaMy  never  be  discontmued* 

The  excess  of  food  may  be  absorbed*  The  amount  of  absorption  of  the 
diifcrent  alimentary  principles  m  not  precisely  known.  Dogs  can  digest  an 
immense  quantity  of  meat,  and  especially  if  they  are  fed  often,  and  not 
simply  largely  once  or  twice  a  day*  In  men,  also,  much  meat  and  albumin- 
ous mattejf  can  be  digested,^  though  it  is  by  no  means  uncommon,  in  large 
meat-eatew,  to  find  much  muscular  fibre  in  the  feeces.  Still,  enough  ordinary 
meat  (and  fat)  can  be  taken^  not  merely  to  give  a  large  excess  of  nitrogen, 
but  even  to  supply  carbon  in  Bufficient  quantity  for  the  wants  of  the  system. 

There  is  certainly  a  limit  to  the  digestion  of  starch  (though  sugar  is 
absorbed  in  large  amount),  as  after  a  very  large  meal  much  starch  passes 
unaltered.  This  is  also  the  case  with  fat  But  in  all  cases  habit  probably 
much  affects  the  degree  of  digestive  power ;  and  the  continued  use  of  certain 
articles  of  diet  leads  to  an  increased  formation  of  t)ie  fluids  which  digest 
them. 

When  excess  of  proteids  continually  passes  into  the  system,  congestions 
and  enlargements  of  the  liver,  and  probably  other  organs,  and  a  gene  ml  state 
of  plethora,  are  produced.  If  exercise  is  not  taken  at  the  same  time^  there  is 
a  disproportion  between  the  ahaorbed  oxygen  and  the  absorbed  proteids, 
which  must  lead  to  imperfect  oxidation,  and  therefore  to  retention  in  the 
body  of  some  substances,  or  to  irritation  of  the  eliminating  organs  by  the 
passage  through  them  of  products  leas  highly  elaborated  than  those  they  are 
adapted  to  remove. 

Although  not  completely  proved,  it  is  highly  probable  that  gouty  affec- 
tions arise  partly  in  this  way,  partly  probably  from  the  use  of  Liquids  which 
delay  metamorphosis,  and  therefore  lead  to  the  same  result  as  increased 
ingestion,  and  in  some  degree  also  from  the  use  of  indigestible  articles  of 
food. 

Very  often  large  meat-eaters  are  not  gouty,  and  do  not  appear  in  any  way 
over-fed.  In  this  case  either  a  great  amount  of  exercise  is  taken,  or,  as  is 
often  the  case  in  these  persons,  the  meat  is  not  absorbed,  owing  frequently 
to  imperfect  mastication. 

A  great  excess  of  proteids,  without  other  food,  produces,  in  a  short  time 
(Ryo  days— Hammond),  marked  febrile  symptoms,  malaise,  and  diarrhoea ; 
and,  if  persevered  in,  albumin  appears  in  the  urine.  Ranke  has  attributed 
the  depression  especially  to  the  effect  of  the  salts  of  the  meat. 

Excess  of  starches  and  of  fats  delays  the  metamorphosis  of  the  nitrogenous 
tissues,  and  produces  excess  of  fat.  Sometimes  acidity  and  flatulence  are 
caused  by  the  use  of  much  starch.  It  is  not  understood  if  pro  founder  diseases 
follow  the  excessive  use  of  starches,  unless  decided  corpt deuce  is  produced, 
when  the  muscular  fibres  of  the  heart  and  of  many  voluntary  muscles  lessen 
in  size,  and  the  consequences  of  enfeebled  heart's  action  occur.  When  an 
excessive  quantity  of  starch  is  used  to  replace  proteids,  in  physiological 
experiments,  the  condition  becomes  of  course  a  complex  one. 

If  an  excess  of  starch  be  t^iken  under  any  circumstances,  much  passes  into 
the  faeces,  and  the  urine  often  becomes  saccharine. 

There  may  be  also  excess  of  food  in  a  given  time, — that  is,  meals  too  fre- 
quently repeated,  though  the  absolute  quantity  in  twenty-four  hours  may  not 
be  too  great 

2.  litfieiency  of  Food, — ^The  long  catalogue  of  effects  produced  by  famine 

but  too  well  known,  and  it  is  unnecessary  to  repeat  it  hete,    l*ivx\*  >iS&a 


1  JotiiM's  Msd  vspecudly  H^mmoad's  experiuieotA,  Ex^crmjstiiai  R«tenrcK»«  \^1  t'^o*^^ 
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effects  produced  by  deficiency  in  any  one  of  the  four  great  classes  of  aliments, 
the  other  classes  being  in  normal  amount,  have  not  yet  been  perfectly 
I  studied  J 

The  complete  deprivation  of  proteida,  without  lessening  of  the  other 
classes,  produces  marked  effects  only  after  some  days.  In  a  strong  man  kept 
only  on  fat  and  starch,  Dr  Parkes  found  full  vigour  preserved  for  five  days ; 
in  a  man  in  whom  the  amount  of  nitrogen  was  reduced  one  half,  full  vigour 
was  retained  for  seven  days.  If  the  abstention  be  prolonged,  however,  there 
is  eventually  great  loss  of  muscular  strength,  often  mental  debility,  some 
feverish  and  dyspeptic  symptoms.  Then  follow  anaemia  and  great  prostra- 
tion. The  elimination  of  nitrogen  in  the  form  of  urea  greatly  lessons,  though 
it  never  ceases,  wliiie  the  uric  acid  diminishes  in  a  less  degree.  If  starch  be 
largely  supplied,  the  weight  of  the  body  does  not  lessen  for  seven  or  eight 
days  (Hammond). 

If  the  deprivation  of  proteids  be  less  complete  (70  to  100  grains  of  nitro- 
gen being  given  daily),  the  body  gradually  lessens  in  activity,  and  passes 
into  more  or  less  of  an  adynamic  condition,  whioli  predisposes  to  the  attacks 
of  all  the  specific  diseases  (especially  of  malarious  affections  and  typhius) 
and  of  pneumonia,  and  modifies  the  course  of  some  of  these  diseases,  as,  for 
f instance,  of  enteric  fever^  winch  runs  its  course;,  with  less  elevation  of  tem- 
I  perature  than  usual,  and  with  less  or  with  no  excess  of  ureal  excretion. 

The  deprivation  of  starches  can  be  home  for  a  long  time  if  fat  be  given, 
**  hot  if  both  fat  and  starch  be  excluded,  though  proteids  be  supplied,  illness 
is  produced  in  a  few  days*  Kor  i^  it  dilficult  to  explain  this :  qs  proteids 
contain  53  3  per  cent  of  total  carbon  (of  which  about  49  per  cent,  is  avail- 
able for  nutrition)  and  16  per  cent,  of  nitrogen,  to  supply  4800  grains  of 
carbon,  no  Ic^s  than  1585  grains  of  nitrogen  must  be  mtroduced,  a  quantity 
five  times  as  great  as  the  system  can  easily  assimilate,  imleas  enormous 
exertion  be  taken^  and  then  the  quantity  of  carbon  Ixjcomes  insufficient 

Men  can  he  fed  on  meat  for  a  long  time,  as  a  good  deal  of  fat  is  then 
!  introduced,  and  if  the  meat  be  fresli  (and  raw  ?),  scurvy  m  not  readily  in- 
I  duced. 

The  deprivation  of  fat  doe^  not  appear  to  be  well  home,  even  if  starches 
he  given ;  but  the  exact  elfects  are  not  known.  The  great  remedial  effects 
prcxluced  by  giving  fat  in  many  of  the  diseases  of  ol:)Scure  malnutrition 
prove  that  the  partial  deprivation  of  fat  is  both  more  common  and  more 
serious  than  is  supposed.  In  all  the  diets  ordered  for  soldiers,  prisoners,  &c., 
the  fat  is  greatly  deficient  in  every  country.  The  deprivation  of  the  salts 
is  also  evidently  attende<l  with  marked  results,  which  are  worthy  of  more 
attention  than  they  have  yet  received* 

Bad  effects  are  also  produced  if  the  intervals  between  meals  are  too  long  j 
thia  Is  a  matter  in  which  there  is  great  individual  difference,  and  need  not 
be  further  reierred  to. 


Sub-Section  II.^Conditions  of  Digbstujility  and  Assimilation. 

A  great  number  of  diseases  are  produced,  not  by  alterations  in  quantity  or 
by  imperfections  in  the  quality  of  the  raw  food,  but  by  conditions  of  indi- 
gestibilit}',  either  dependent  on  physical  or  chemical  conditions  of  the  food 
itself  or  of  the  digestive  fluids.  To  some  persons  certiiin  foods  are  indiges- 
tible at  all  times,  or  at  particular  times.  Ijidige.stihility  le^ids  to  retention, 
and  then  to  the  re^sults  of  retention^  viz.,  chemical  changes  and  putrefaction 


'  For  «o  account  of  the  physi 
IS&O,  BmB.M,J,,  Jniie  21,  1 
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going  on  in  the  stomach  and  bowels  under  the  influence  of  wannth,  mois- 
ture, and  air.  Then  irritation  is  produced,  and  dyspepsia,  diarrhoea,  or 
dysentery  is  caused. 

Indigestibility  extends,  however,  farther  than  this.  There  is  some  reason 
for  thinking  that  the  proteids  sometimes  pass  into  the  circulation  less  pro- 
perly prepared  than  usual  to  undergo  the  action  of  the  liver,  and  that  they 
therefore  produce  irritation  of  that  organ,  and  passing  into  the  blood  in  some 
unassimilable  state,  produce  irritation  of  the  skin  or  kidneys.  Sometimes, 
indeed,  albimiin  appears  in  the  urine,  as  if  it  had  circulate  like  a  foreign 
body  in  the  blood.  Such  conditions  are  usually  allied  to  some  evident 
error  in  primary  digestion,  but  occasionally  are  not  obviously  accompanied 
by  any  gastric  disorder.  Whether  there  is  any  similar  imperfection  in  the 
digestion  of  starch  or  fat  is  not  at  present  known. 

Sub-Sbction  IIL — Conditions  op  Quality. 

Altered  quality  of  what  is  otherwise  good  food  produces  a  great  number 
of  diseases.  Most  of  these  are  referred  to  imder  the  headings  of  the  different 
articles  of  food,  and  the  subject  is  merely  introduced  here  to  complete  the 
general  sketch  of  the  production  of  disease  from  food. 

In  inquiring,  then,  into  the  eflfect  of  food,  the  following  appears  to  be  the 
best  order  of  procedure : — 

1.  Is  the  food  excessive  or  deficient  in  quantity  as  a  whole  or  in  any  of 

the  primary  classes  of  aliments  ? 

2.  Are  the  different  articles  digestible  and  assimilable,  or,  from  some 

cause  inherent  in  the  food  or  proper  to  the  individual,  is  there 
difficulty  in  primary  digestion  or  want  of  proper  assimilation  ? 

3.  Is  the  quality  of  the  food  altered  either  before  or  after  cooking? 


CHAPTER  IX. 

QUALITY,  CHOICE,  AND  COOKING  OF  FOOD,  AND  DISEASES 
ATTRIBUTABLE  TO  IMPROPER  QUALITY. 

SECTION  I. 
MEAT. 


Sub-Seotion  I. 

The  advantages  of  meat  as  a  diet  are — its  large  amount  of  nitrogenous 
substances,  the  union  of  this  with  much  fat,  the  presence  of  important 
salts  (viz.,  chloride,  phosphate,  and  carbonate  of  potassium,  or  a  salt 
forming  carbonate  on  incineration),  and  iron.  It  is  also  easily  cooked,  and 
is  very  digestible ;  it  is  probably  more  easily  assimilated  than  any  vegetable, 
and  there  is  a  much  more  rapid  metamorphosis  of  tissue  in  carnivorous 
animals  than  in  vegetable  feeders.  Whether  the  use  of  large  quantities  of 
meat  increases  the  bodily  strength  or  the  mental  faculties  more  than  other 
kinds  of  nitrogenous  food  is  imcertain.  The  great  disadvantage  of  meat  is 
the  want  of  starch. 

The  composition  of  fresh  and  salt  meat  has  been  already  given ;  but  the 
figures  in  such  tables  give  a  very  imperfect  idea  of  the  value  of  a  ration. 
For  the  most  part  they  refer  to  the  meat  proper,  without  taking  into 
consideration  the  amount  of  gristle,  &c.,  which  makes  up  part  of  the 
ration.  Thus  in  rations  analysed  at  Netley  the  following  results  were 
obtained : — 


Bump  of  Beef, 


SJianJc  of  Mutton. 


Water, 
Proteids, 
Fat,      . 
Ash, 


Total, 


Flesh  alone. 


Whole  Ration, 

ezcloslve  of 

Bone. 


74-0 

22-0 

2-2 

1-6 


60-5 

21-6 

9-1 

1-3 


99-8 


92-4 


Fleah  alone. 

Whole  Ration, 

exclusive  of 

Bone. 

71-9 

18-8 

8-4 

1-0 

62-7 

130 

26-3 

0-9 

100-1 

91-9 

In  each  case  it  will  be  observed  that  the  analysis  of  the  flesh  alone  does 
not  deviate  very  widely  from  the  tabulated  statements,  whereas  the  whole 
ration  does  so  materially.  In  particular,  there  is  about  8  per  cent  of  total 
weight  unaccounted  for,  due  to  tough  gristle  and  fibrous  tissues  not 
amenable  to  the  ordinary  methods  of  analysis.  The  detailed  constituents 
of  the  proteids  are  also  important,  as  the  following  results  will  show : — 
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Shavk  of  MutUm, 


Flesh  alone. 

Whole  Ration. 

excloalTe  of 

Bone. 

Digestible  prot^ids, 
Peptones,      .... 
Meat  extracts, 

13-6 
2-6 
1-2 

14-2 
2-2 

0-9 

Total  usefnl, 
Indigestible  proteids,     . 

17-2 
4-8 

17-8 
4-2 

Total  proteids  per  cent,  as  \ 
above,        .        .        .       j 

22-0 

21-6 

Flesh  alone. 

Whole  Ration, 

ezdoslTe  of 

Bone. 

7-6 
2-0 
6-5 

4-0 
1-6 
2-9 

15-1 
3-7 

8-4 
4'« 

18-8 

13-0 

From  this  we  see  that  there  is  great  diversity  in  the  value  of  different 
rations ;  the  numbers  given  here  may  be  taken  to  represent  the  extremes, 
so  that  the  mean  value  may  be  assumed  at  about  17  per  cent,  of  total  pro- 
teids, and  about  13  per  cent,  of  useful  (t.tf.,  assimilable)  proteids. 

Bone  constitutes  one-fifth  of  the  soldier's  ration  on  the  average ;  in  the 
two  rations  above  examined  bone  formed  17  per  cent,  in  both  cases.  Bones 
contain  a  large  amoimt  of  nutrient  matter,  a  considerable  part  of  which 
is  extracted  by  boiling,  and  more  could  be  obtained  if  the  bones  were  crushed. 
The  following  was  the  composition  of  the  bones  in  the  beef  ration : — 


Water, 

12-1 

Constituents  of  proteids — 

Proteids, 

24-5 

Digestible  proteids. 

10-8 

Fat,    . 

11-0 

Peptones,    .... 

1-9 

Asb,    . 

48-6 

Extractives, 

1-0 

Loss,  . 

8-8 

Total  useful,    . 

18-2 

Total, 

.       100-0 

Indigestible  proteids. 

11-8 

Total, 


24-5 


Bones  make  a  most  palatable  soup,  and,  as  above  shown,  may  be  made  to 
yield  an  important  addition  to  the  useful  proteids. 

Another  measure  of  the  value  of  meat  is  the  amount  of  extract  which 
can  be  obtained  from  it  by  means  of  hot  and  cold  water.  Pure  flesh  should 
yield  about  6  per  cent.,  of  which  about  5  per  cent,  should  be  organic ;  but 
the  average  of  a  ration  would,  of  course,  be  less.  Thus  in  the  beef  ration 
already  mentioned  the  total  extract  of  the  flesh  was  6*1,  and  the  organic 
4*95 ;  whilst  the  whole  ration  (bone  excluded)  gave  a  total  of  3-6,  of  which 
2*8  was  organic. 

The  salts  or  ash  of  meat  consist  of  chlorides  and  phosphates  chiefly, 
more  than  a  third  of  the  ash  consisting  of  phosphoric  acid.  Stolzel  ^  found 
8-9  per  cent,  of  carbonic  acid  in  the  ash,  which  probably  indicates  lactic 
acid,  and  it  is  suggested  that  this  may  perhaps  give  fresh  raw  meat  some 
anti-scorbutic  properties  which  may  be  altered  by  cooking.  The  ash  is 
alkaline. 

Beef,  mutton,  and  pork  form  the  chief  meats  eaten  by  the  soldier. 

In  time  of  peace  he  only  receives  as  fresh  meat  beef  and  mutton,  and 
sometimes  pork;  in  time  of  war  tinned  preserved  provisions  are  issued 
when  fresh  meat  is  not  available. 

Preserved  tinned  beef  (from  Chicago,  Australia,  and  New  Zealand)  is 


Liebig's  AnnaUnt  Band  IxxviL  p.  256. 
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very  good  meat,  palatable,  and  more  nutritious  than  the  more  strongly 
salted  beel  Only  10  per  cent,  of  its  total  proteids  (which  ranjTjed  from  18 
to  31  per  cent)  was  found  to  be  indigestible  in  experiments  at  Ketley.  The 
amount  of  extract  is  a  little  less  than  in  fresh  meat,  as  some  is  necessarily 
lost  in  the  salting  and  compressing,  but  it  was  found  to  be  6  per  eent.,  of 
which  4  was  animal.  The  nutritious  value  of  fully  salted  rations  is  much 
more  uncertain. 

The  meat  is  supplied  by  contractors,  or  is^  at  some  stationsj  furnished  by 
the  Army  Service  Corps,  who  have  their  own  slaughter-houses. 

The  medical  officer  may  be  called  on  to  see  the  animals  during  life^  or  to 
examine  the  meat 


Sub-Section  IL — ^Inspection  of  Animals. 

Ajiimala  should  be  inspected  twenty-four  hours  before  being  killed.* — -In 
this  country  killing  is  done  twenty-four  or  forty-eight  hours  before  the  meat 
is  issued  ;  in  the  tropics  only  ten  or  twelve  hours  previously. 

Animals  should  be  well  grown^  weU  nourished,  and  neither  too  young  nor 
too  old.  The  £esb  of  young  animals  la  less  rich  in  salt^,  fat,  and  syntoniii, 
and  also  loses  much  weight  (40  to  70  per  cent.)  in  cooking. 

Wdghl. — An  ox  should  weigh  not  less  than  600  Ib^  and  will  range  from 
this  to  1200  tt).  The  French  rukij  hx  the  minimum  at  250  kilogrammes 
(  =  550  lb  av.).  The  mean  weight  in  France  is  350  kilogrammes  (  =  770  fb 
av.).  A  cow  may  weigh  a  few  pounds  less  ;  a  good  fat  cow  will  weigh  from 
700  to  740  m.  A  heifer  shoidd  weigh  350  to  400  m.  The  French  rules  fix 
the  minimum  of  the  cow*s  weight  at  160  kilogrammes  (  —  352  lb).  The 
mean  weight  of  cows  in  France  is  230  kilogrammes  (  =  506  Hj). 

There  are  several  methods  of  determining  the  weight ;  the  one  most  com- 
monly used  in  this  country  is  to  measure  the  length  of  the  trunk  from  just 
in  front  of  the  scapulie  to  the  root  of  the  tail,  and  the  girth  or  circum- 
ference  just  behind  the  seapulee ;  then  multiply  the  square  of  girth  l>y  0'08, 
and  the  product  by  the  length,  the  dimensions  in  cubic  feet  are  obtained ; 
each  cubic  foot  is  supposed  to  weigh  42  lb  avoirtlupois.  The  formula  is 
(C^  X  -08)  X  L  X  42  ;  or  §(C^  x  5L) ;  the  result  in  either  case  gives  the 
weight  in  lb  avoirdupois.  An  ox  or  cow  gives  about  60  per  cent  of  meat, 
exclusive  of  the  head,  feet,  liver,  lungs,  and  spleen,  <S:c.-  The  skin  is  ^  of 
the  weight;  the  tallow  ^.  In  very  fat  cattle  the  weight  may  he  5  per 
cent,  more-,  and  in  very  lean  cattle  5  per  cent  less  than  the  actual  weights 
found  by  this  rule, 

A  full-grown  sheep  will  weigh  from  60  to  90  t>,  hut  the  tlifierence  in 
dilferent  breeds  is  very  great.  It  also  yields  about  60  per  cent,  of  available 
food.     The  average  weight  of  a  shee]:>  in  India  is  from  30  to  40  !b, 

A  full-grown  pig  weighs  from  100  to  180  lb  or  more,  and  yields  about  75 
I  to  80  per  cent  of  available  food. 

A^t. — The  age  of  the  ox  and  cow  should  he  from  three  to  eight  years ;  * 
the  a^  is  told  chiefly  by  the  teeth,  and  less  perfectly  by  the  horns.  The 
temporary  teeth  are  in  part  through  at  bLrlh,  and  all  the  incisors  are 
through  in  twenty  days;   the  first,  second,  and  third  pairs  of  temporaiy 

*  Every  couttHct  should  have  %  clause  ^ring  oQiceru  the  power  of  insjwctiou. 

*  The  Animal  is  divifled  into  carcass  aud  oda] ;  the  former  includes  the  whole  of  the  skele- 
ton (except  the  head  and  feet),  with  the  mnscles,  raembrftiies,  vessels,  and  fat,  and  the  kidDeya 
and  fat  surronnding  them.  The  ofTal  in  eludes  the  head,  teet,  skin,  and  all  intcnud  ofKaaa, 
except  the  kidneys. 

*  Dr  Pary  gives  four  years  for  the  highest  perfectioQ  of  ox  beef,  on  the  aitthority  of  att 
*' Int^dligent  and  experienced  grazier," 
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are  through  in  tliirty  days;  the  teeth  are  grown  large  enough  to 
touch  each  other  by  tho  sixth  month ;  they  gradually  wear  and  fall  in 
eighteen  months ;  the  fourth  permanent  molars  are  through  at  the  fourth 
month ;  the  fifth  at  the  fifteenth ;  the  sixth  at  two  years.  The  temporary 
teeth  hegin  to  fall  at  twenty-one  months,  and  are  entirely  replaced  by  the 
thirty-ninth  to  tlie  forty-fifth  month ;  the  order  being — ^ceutral  pair  of 
incisors  gone  at  twenty-one  mouths;  second  pair  of  incisors  at  twenty- 
seven  months ;  first  and  second  temfHrsrary  molars  at  thirty  months ;  third 
temporary  molars  at  thirty  months  to  three  years ;  third  and  fourth  tem- 
porary incisors  at  thirty-three  months  to  three  years.  The  development  is 
quit©  complete  at  from  five  to  six  years.  At  that  time  tlie  h^irder  of  the 
incisors  has  been  worn  away  a  little  below  the  level  of  the  grmders.  At 
six  years  the  first  grinders  are  beginning  to  wear,  and  are  on  a  level  wath 
the  incisors.  At  eight  years  the  wear  of  the  iirst  grinders  is  very  apparent. 
At  ten  or  eleven  years  the  used  surfaces  of  the  teeth  begin  to  bear  a  square 
mark  surrounded  with  a  wliite  line ;  and  this  is  prononnced  on  all  the  teeth 
by  the  twelfth  year ;  between  the  twelfth  and  fonrteenth  year  this  mark 
takes  a  round  form. 

The  rings  on  the  horns  are  less  useful  as  guides.  At  ton  or  twelve 
months  the  first  ring  appears  ;  at  twenty  months  to  two  years,  the  second  ; 
at  thirty  to  thirty-six  months,  the  third  ring ;  at  forty  to  forty-six  months, 
the  fourth  ring ;  at  fiiiy-four  to  sixty  months,  the  fifth  ring,  and  so  on.  ISut 
at  the  fifth  year  the  first  three  rings  are  indistinguishable,  and  at  the  eighth 
year  all  the  rings.     Besides,  the  dealers  fi.le  the  horns. 

In  the  sheep,  the  temporary  teeth  begin  to  appear  in  the  first  week,  and 
fill  the  mouth  at  three  months ;  they  are  graduaUy  ^^'orn  and  fall  at  al)out 
fifteen  or  eighteen  months.  The  fourth  permanent  gi'indera  appear  at  three 
months,  and  the  fifth  pair  at  twenty  to  twenty-seven  months.  A  common 
rule  is  "  two  broad  teeth  every  year."  The  wear  of  the  teeth  begins  t*T  be 
marked  at  about  six  years.  Sheep  fit  for  slaughter  should  always  have  a 
clean  even  set  of  teeth.  In  the  army,  those  \nth  broken  teeth  are  re- 
jected. ^ 

The  age  of  the  pig  is  know^n  up  to  three  years  by  the  teeth  ;  after  that 
there  is  no  certainty.  The  temporary  teeth  are  complete  in  three  or  four 
months ;  about  the  sixth  month  the  premolars,  between  the  tusks  and  the 
first  pair  of  molars,  appear ;  in  six  or  ten  months  the  tusks  and  posterior 
incisors  are  replaced ;  in  twelve  months  to  two  years  the  other  incisors ; 
the  four  permanent  molars  appear  at  six  months;  the  fifth  pair  at  ten 
months ;  and  the  sLxth  and  last  molars  at  eighteen  months. 

Condition  and  Health, — There  ought  to  be  a  proper  amount  of  fat,  which 
is  best  felt  on  the  false  ribs  and  the  tuberosities  of  the  ischia,  and  the 
line  of  the  belly  from  the  sternum  to  the  pelvis ;  the  flesh  should  be 
tolerably  firm  and  elastic ;  the  skin  should  be  supple- 
As  showing  health,  we  should  look  to  the  general  ease  of  movements,  tho 
quick  bright  eye;  the  nasal  mucous  membrane  red,  moist^  and  healthy- 
looking;  the  tongue  not  hanging;  the  respiration  regular,  easy;  the  ex- 
pired air  without  odour ;  the  circulation  tranquil ;  the  excreta  natural  in 
appearance. 

When  sick,  the  coat  is  rough  or  standing ;  the  nostrils  dry  or  covered 
with  foam;  the  eyes  heavy;  the  tongue  protruded;  the  respiration  difli- 
cult ;  movements  slow  and  difficult ;  there  may  be  dliarrhoea ;  or  scanty  or 
bloody  urine,  &c.     In  the  cow  the  teats  are  hot 


1  See  Manmtlf&r  CGmnmmritU  Officers^  1888. 
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The  diseases  t)f  cattle  which  the  medical  officer  should  watch  for  are — 

1.  Epidemic   Plenrof)neitmoma   {or  l^ng  disease). — Not   easily  recog* 

nised  at  first,  but  vnth  marked  lung  symptoms  after  a  few  days, 

2.  Foot  and  Mouth  Disease  (miirrain,  aphdia,  or  eczema  epiisootica), — 

At  once  recognised  by  the  examination  of  the  month,  feet,  and  teats. 

3.  Cattle  Plague  {typhus  contagiosus,  Steppe  disease,  Rinderpest). — 
^^  Recognised  by  the  early  prostration  (hanging  of  head,  drooping  of 
^H  ears),  shivering,  running  from  eyes,  nose,  and  mouth,  peculiar  con- 
^H  dition  of  tongue  and  lips,  cessation  of  rumination,  and  then  by 
^^           abdominal  pain,  scouring,  &c. 

4.  Anthrax. — This  either  appears  aa  a  general*  or  as  a  localised  aiFec- 
^^  tion :  in  the  fonner  case  it  is  called  ajjoplectic  anthrax,  splenic 
^H  fever,  or  anthrax  fever:  in  the  latter,  anthracoid  erysii>ehis  or 
^H  earbuncular  fever.  If  boils  and  carbuncles  form,  they  are  at  once 
^H  recognised  :  if  there  is  erysipelas,  it  is  called  black  quarter,  quarter 
^H  ill,  or  blackleg  (erysipelas  carbunculoBum),  and  is  easily  seen.  Tho 
^H  peculiar  organism,  Baeilitis  anihracu,  may  be  detected  in  the  blood. 
^^     5.   Tnbeiy^dotiB  (perlsucht^   ** grapes"). — Sometimes  acute,  more  often 

cliroliic :    at  first  dulness   and  indifference,  increased  sensibility, 
^^  especially  of  back-muscles  and  chest-walls,  but  no  emaciation  and 

^H  no   diminution  of  production   of  milk;   later,   emaciation  comes 

^H  on,    loss    of  appetite  J   shortness    of    breathnj    and   cough ;    these 

^^  symptoms  become  intensified,  with  hectic. 

*  6,  Aetinomifcosis. — Caused  by  "ray-fungus";  attacks  by  preference  tlie 

lower  jaw  and  tongtte,  also  the  lungs  and  bones ;  leads  to  general 

malnutrition,  and  is  sometimes  fatal. 
7.  Dropsical  affections  from  kidney  or  heart  diseasa 

5.  Indifffstion^  often  combined  Avith  apjoplectic  symptoms, 

A  great  mmiber  of  other  diseases  attack  cattle,  wLich  it  is  not  necessary 
to  enumerate.^  All  the  above  are  tolerably  easily  recognised.  The  presence 
of  Tctnia  medincaneUata  c4innot,  it  would  seem,  be  detected  before  death. 

The  diseases  of  sheep  are  similar  to  those  of  cattle  ;  they  suffer  also  in 
certain  cases  from  splenic  apoplexy  or  **  braxy,"  which  is  considered  by 
Professor  Gamgee  to  be  a  kind  of  anthrax,  and  is  said  to  kill  50  per  cent,  of 
all  young  sheep  that  die  in  Scotland ;  the  animals  have  a  "  peculiar  look, 
staggering  gait,  bloodshot  eyes,  rapid  breathing,  full  and  frequent  pulse, 
aca.nty  secretions,  and  great  heat  of  the  body."  ^  The  disease  is  induced  by 
errors  in  feeding. 

The  smallpox  in  sheep  ( Variola  ovina^  clavelee  of  the  French)  is  easily 
known  by  the  high  fever,  especially  during  the  pustular  stage,  by  the  tlea- 
bitten  appearance  of  the  skin  in  the  early  stage,  and  by  the  rapid  appearance 
of  nodules  or  papuke  and  vesicles. 

Th*?  sheep  is  also  subject  to  black  quarter  {Erydpelas  earbun€uto9UM) ; 
one  limb  is  affected,  and  the  limp  of  the  animal,  the  fever,  and  the  rapid 
swelling  of  the  limb  are  sufficient  diagnostic  marks. 

The  sheep,  of  course,  may  suffer  from  acute  lung  affectioa,  scouring^  red 
water  (haBmaturia),  and  many  other  diseases.  Of  the  chronic  lung  affec* 
tions,  one  of  the  most  important  is  the  so-called  ** phthisis,*'  which  is  pro- 
duced by  the  ova  of  Stromjylm  filarla.  This  eniozoon  has  not  yet  been 
found  in  the  muscles,  and  the  meat  is  said  to  be  good.  The  rot  in  sheep 
(iluke  disease)  is  caused  by  the  presence  of  Diiioma  hepaticum  in  large 
numbers   in   tJie  liver,  and  sometimes  by  other  parasites.     The  princi^ 

*  8«e  Prattkal  Guide  to  Meai  Intptaionj  byT,  Wftlley,  1890. 
L  «  Fifth  M^aH  0/  the  Medical  Qffka-  to  lAe  iVtey  VonncU,  p.  222L 
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aptoms  are  dulne^  sluggifilmess,  followed  by  rapid  wasting  and  pallor 
of  the  mucous  membrane^  diarrhcea,  yellowness  of  the  eyes,  falling  of  the 
hair,  and  dropsical  swellings.  The  animal  is  supposed  to  tiike  in  Cfvcaria 
(the  embryotic  stage  oi  distoma)  from  the  lierbage.  The  so-called  *'gid," 
"sturdy/*  or  "turnsick,"  is  caused  by  the  development  of  Ccenurm  cert- 
braild  in  the  brain. 

The  pig  is  also  attacked  by  anthrax  in  different  forms,  by  muco-enteritis, 
and  by  hog  cholera.^  Tlie  swelling  in  the  first  case,  aRii  the  severe  fever, 
accompanied  with  foetid  diarrhoea  and  prostration  in  the  second,  are  suffi- 
cient diagnostic  marks*  It  has  no  relation  whatever  to  euteric  fever  in  man 
(Walley).  The  condition  of  the  Hesh  is  similar  to  that  produced  by  septic 
disease,  and  it  is  totally  unfit  for  human  food. 

The  so-called  measle  of  the  pig  is  caused  by  the  presence  in  the  muscular 
connective  tissue  of  Cysticerciu  cdluloscB.  During  life  there  are  few  indications 
of  the  existence  of  this  worm  in  the  animal ;  the  only  j>ositive  sign  to  be 
obtained  is  in  the  mouth,  where  it  may  Im  detected  on  the  inferior  and 
lateral  aspect  of  either  side  of  the  tongue,  or  between  this  and  the  lower 
jaw.  Tlae  body  of  tlie  animal  has  a  bloated  appearance,  and  a  soft  flabby 
feel ;  and  on  fiim  pressure  a  crackling  sensation  may  be  imparted  to  the 
fingers. 

Trichina  spiralis  has  its  habitat  also  in  swine  :  it  is  not  confined  to  the 
muscle  alone,  but  has  been  demonstrated  in  the  fat  of  the  body  of  the  pig  in 
large  numbers.^  Animals  fed  on  such  fat  did  not,  as  a  rule,  become  trichi- 
nized.  It"^  presence  is  indetectable  before  death,  unless  found  in  the  muscles 
under  the  tongue. 

Sub-Sectton  III* — Inspection  of  Dead  Meat. 


1.  Fresh  MecU? 

Meat  should  be  inspected,  in  temperate  climates,  twenty-four  hours  after 
l>eing  killed ;  in  the  tropics,  earlier. 

The  following  points  must  be  attended  to  :— 

(a)  Quantity  of  Bont.- — In  lean  animals  the  bone  is  relatively  in  too  great 
proportion  ;  taking  the  whole  me^t,  17  to  20  per  cent,  may  be  allowed, 

(p)  Quantity  and  Character  of  the  Fat, — It  should  be  sufficient,  yet  not 
excessive,  else  the  relative  |)roportion  of  proteid  food  is  too  low ;  it  should 
be  firm^  healthy- looking,  not  like  jelly,  or  tiio  yellow  ■  without  hremorrhago 
at  any  point.  The  colour  varies  fn^m  white  to  straw  colour  and  yellow, 
lieing  whiter  in  young  bulls  than  in  bullocks  and  cows.  The  kind  of  feeding 
has  an  effect  on  the  colour  of  the  fat;  some  oil-cakes  give  a  marked  yellow 
colour.  The  fat  of  the  horse  is  always  of  a  yellow  colour,  and  softer ;  it  has 
a  rather  unpleasant  sickly  taste. 

The  late  Professor  Gamgee  stated  that  pigs  fed  on  flesh  have  a  peculiarly 
Boft  diffluent  fat,  and  emit  a  strong  odour  from  their  bodies.     Acconiing  to 

1  T1m>  late  Dr  Cobbold  {Monthl}/  Microitcitjfirai  Jonmjtl,  Nov,  1871)  pointed  out  that  thepig 
U  allecbed,  botb  in  Aiuerica  uici  Australia^  with  a  Urge  ju&rasite  (Stephanurxts  dentattut),  TniB 
worm  b  found  chiefly  tliou|cli  not;  Rolely  in  the  fat,  aad  is  at  first  free  imd  then  encyst<?d  ;  the 
cyst  18  largL%  and  may  be  1 J  inch  iu  letijfth  and  4  "ich  in  diameter.  The  full  grovirn  worm 
luay  be  a»  much  oh  1^  inch  in  lieugth.  Three  to  »ijt  (sggR  are  found  in  the  cyst,  auu  the  yomig 
worms  migrate.  Daring  their  migratioo,  it  has  been  sunuifted  that  they  caiuie  the  '*bog 
cholera.** 

*  Lancfi,  Sept.  *A  1882. 

^  For  a  deacriptlon  of  the  municipal  meat  inspection  in  Berlin^  which  is  carried  out  in  a 
nioet  thorough  manner,  ftee  B.M.J.^  Aug.  23,  18&b.  A  special  featur«  consists  id  the  iinme- 
diate  and  routine  examinAtion  of  the  llMa  and  vls^ra  by  the  mioroicope  for  the  detection  of 
tuberculosis^  trichinn,  k^ 
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the  samo  authonty,  the  butchers  rub  melted  fat  over  the  carcass  of  thiii 
tmcl  diseased  animals  to  give  the  glossy  look  of  health. 

(f)  Condition  of  the  Flesh. — ^The  muscles  should  be  firm,  and  yet  elastic  ; 
not  tough ;  the  pale  moist  muscle  marks  the  young  animal,  the  dark- 
coloured  the  old  one ;  the  muscular  fasciculi  are  larger  and  coarser  in  bulls 
than  oxen.  A  deep  purple  tint  is  said  to  iiiiiicato  that  the  animal  has  not 
been  slaughtered,  but  has  died  with  the  blood  in  it  (Lethcby).  When  good 
meat  is  placed  on  a  white  plate,  a  little  reddish  juice  frequently  flows  out 
after  some  hours.  It  should  be  tolerably  dry  id'ter  being  exposed  for  a  short 
time  to  the  atmosphere:  it  should  possess  a  pleasant  sweet  flavour,  and 
when  heated  should  give  a  savoury  odour»  Good  meat  has  a  marbled  appear- 
ance from  the  ramifications  of  little  veins  of  fat  among  the  muscles  (Lctheby), 
There  should  be  no  lividity  on  cutting  across  some  of  the  muscles? ;  the  in- 
terior of  the  muscle  should  be  of  the  same  character,  or  a  httle  paler ;  there 
should  be  no  softening,  mucilaginous-like  fluid,  or  pus,  in  the  intermuscular 
cellular  tissue.  This  is  an  important  point,  which  should  be  closely  hx>ked 
to.  The  intermuscular  tissue  becomes  soft,  and  tears  easily  when  stretched 
in  commencing  putrefaction. 

The  degree  of  freshneas  of  meat  in  commencing  putrefaction  is  judged  of 
by  the  colour,  which  becomes  paler;  by  the  odour,  which  becomes  at  an 
early  stage  ditferent  from  the  not  unpleasant  odour  of  fresh  meat,  and  Ity 
the  consistence.  Afterwards  the  signs  are  marked,  the  odour  is  disagree- 
able, and  the  colour  begins  to  turn  greenish.  In  diseased  meat  there  Ls 
a  disagreeable  odour^  sometimefl  a  smell  of  physic;  very  evident  when 
the  meat  is  chopped  up  and  drenched  with  w^arm  water.  It  is  a  good  plan 
to  push  a  clean  knife  into  the  flesh  up  to  its  hilt.  In  gtx»d  meat  the 
resistance  is  uniform  ;  in  putrefying  meat  some  parte  are  softer  than 
others.  The  smell  of  the  knife  is  also  a  good  test  Cystteerci  and  TrickimB 
should  bo  looked  for. 

(fi)  Condition  of  the  Marrow.^-Jn  temperate  climates  the  marrow  of  the 
hind  legs  is  solid  twenty -four  hours  after  killing ;  it  is  of  a  light  rosy  red. 
If  it  is  soft,  brow^nish,  or  with  black  points,  the  animM  has  been  siek»  or 
putrefaction  is  commencing.  The  marrow  of  the  fore  legs  is  more  diffluent ; 
something  like  honey — of  a  light  rosy  red  colour. 

{t}  Condition  of  Lungs  and  Liver, — Both  should  be  looked  at  to  detect 
Strongpltu  fllaria  in  the  lungs,  IHstoma  in  the  liver ;  also  for  the  presence 
of  multiple  abscesses. 

(f)  To  detect  cuttle  plagru^  the  mouth,  stomach,  or  intestines  must  Ixs 
seen ;  no  alterations  have  as  yet  been  pointed  out  in  the  naked-eye  appear- 
ance of  the  muscles,  though  under  tlie  microscope  they  are  found  to  be 
degenerating  like  the  muscles  in  human  enteric  fever  {Buchanan). 

{(f)  To  detect  tuberculoma :  deposit  of  tubereles  occurs  most  frequently  in 
the  serous  membranes,  especially  in  the  pleura,  where  they  form  polypoid  or 
peduncxilated  masses  (whence  the  term  "grapes"),  also  in  the  lungs  and 
lymphatic  glands ;  less  frequently  in  the  liver,  intestine,  kidney,  and  mam- 
mary  gland  ;  and  rarely  in  the  muscles  and  l>one«.  In  the  lungs  cavities  are 
also  found  resulting  from  the  softening  of  the  tubercular  deposit :  the  lesions 
of  bronchitis  and  pneumonia  often  exist  in  addition.* 

But  meat  cannot  be  fully  judged  of  till  it  has  been  cooked,  so  as  to 
see  how  much  it  loses  in  roasting  or  boiling;  whether  the  fibres  cook 
hard,  &c. 

Horse-flesh  may  be  attempted  to  be  substituted  for  that  of  the  ox.     It 

1  See  Fkroing'fl  F«<mftdfy  JSamtary  Science,  1S75 ;  Aud  OreighUm'a  Bovim  Titbereuktif  in 
JTofi,  18S1. 
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may  be  detected  by  the  colour  of  the  flesb,  which  is  much  darker  and 
coarser  in  fibre  than  that  of  the  ox  ;  and  hy  the  fat,  which  is  always  yeOow, 
soft,  and  with  a  disagreeable  flavour.  The  bones  are  larger  and  their  ends 
more  developed*     The  odour  of  the  meat  is  diflferent  from  that  of  beeL 

In  countries  where  there  are  goata,  the  attached  foot  of  the  sheep  should 
be  sent  in  for  identification. 

Decomposing  sausages  are  difficult  of  detection  until  the  smell  alters, 
jirtmann  recommends  mixing  the  sausage  with  a  good  deal  of  water,  boiling 
and  adding  freshly-prepared  lime  water.  Good  sausages  give  only  a  faint 
not  unpleasant,  ammomacal  smell ;  bad  sausages  give  a  vcr}^  offensive, 
peculiar  ammoniacal  odour. 

Microscopic  Examination  of  Meat. 

In  the  fle^  of  cattle^  or  of  the  pig,  Cysiicerci  may  be  fotmd.  CynticercuB 
€iUuios<E  of  the  pig  gives  the  meat  a  pale  flabljy  appearance,  making  it  soft  and 
apparently  dropsical.  The  cysts  are  genemlly  located  in  very  large  numbers 
in  the  liver,  giving  that  organ  on  section  a  mottled  appearance.  They  are 
generally  visible  to  the  naked  eye  as  small  round  bodies ;  when  placed  under 
a  microscope  with  low  power,  their  real  nature  is  seen ;  they  are  sometimes 
so  numerous  as  to  cause  the  flesh  to  crackle  on  section.  The  smallest 
Cysticercus  noticed  by  Leuckart  in  the  pig  was  about  ^^^^ths  of  an  inch  long 
and  y^tha  broad;  but  they  are  generally  much  larger,  and  will  reach  to  ^^ths 
or  ^ths  or  j^ths  of  an  inch.  In  some  countries  they  are  extremely  common 
in  cattle  (Ct/sticercus  bovis)^  and  have  been  a  source  of  considerable  trouble 
in  North- West  India.  Tlie  muscles  of  the  haimch  are  those  most  frequently 
affected.  Cpsticermi^  of  the  ox  produces  in  man  Tmnia  mediocaneliata.  In 
sheep  Coblx»ld  described  a  smiUl  Cyttticercus  with  a  double  crown  of  hooks, 
26  in  number.  He  thought  that  possibly  a  special  Tamia  might  arise  from 
this.^     In  diagnosing  Cpsticerci  of  pork  the  booklets  shotild  always  be  seen, 

TrichincH  may  be  present  in  the  flesh  of  the  pig ;  if  encapsuled  they  will 
be  seen  with  the  naked  eye  as  small  round  specks ;  but  very  often  a  micro- 
scope is  necessary.  A  power  of  25  to  50  diameters  is  suflicient  The  best 
plan  is  to  take  a  thin  slice  of  flesh ;  put  it  into  liquor  potassas  (1  part  to  8 
of  water),  and  let  it  stand  for  a  few  minutes  till  the  muscle  becomes  clear ; 
it  must  not  be  left  too  long,  otherwise  the  Trirhintv  will  bo  destroyed.  The 
white  8i>eeks  come  out  clearly,  and  the  worm  will  be  seen  coOed  up.  If  the 
capsule  is  too  dense  to  allow  the  worm  to  be  seen,  a  drop  or  two  of  weak 
acetic  acid  should  be  added.  K  the  meat  is  very  fat,  a  little  ether  or  benzine 
may  be  put  on  it  in  the  iirst  place.  Tlie  parts  most  likely  to  be  infected  are 
said  to  be  the  muscular  part  of  the  diaphragm,  the  intercostal  muscles,  and 
the  muscles  of  the  eye  and  jaw.^  In  diagnosing  Triekinm^  the  coiled  worm 
should  be  distinctly  seen.  StephaifiUTtm  derUatus  in  the  pig  has  been  already 
jfferred  to. 

The  so-called  Faoroepermia^  or  Raine/s  capsules,  must  not  be  mistaken 
for  Trickinc^  nor  indeed  witli  care  is  errt»r  possible.  The^e  are  little,  almost 
transjiarent,  bodies,  fomid  in  the  flesh  of  oxen^  slieep,  and  pigs.  They  are  in 
shape  oval,  spindle^ahaped,  or  sometimes  one  end  is  pointed  iind  the  other 
rounded,  or  they  are   kidney-shaped.     The   investing  membrane   exliibits 

>  Snrgeom-M&jor  Oldluifli  deccribos  Cystkercua  tehukoUis  (fW)m  Twnia  vutrffinata  of  doffs)  am 
commou  in  Die  sheep  of  the  Pimjsub ;  it  hwt  four  suckors  aud  n  douhle  coronet  of  S*i  hoolu. — 
Indian  Mmiieai  QaaUU,  August  1873. 

«  Lioi»,  Qmp,  deM  SaniL-Poi.,  p.  171.  L»i»b  numbers  have  ako  Ih»ii  found  in  the  faL 
Cbiititi  hM  ftbown  that  A&inudi  fed  on  lU^^h  i^t  aid  tM)t  iiS  •  role  beoome  trichinUed*  Lanettt 
SepL  23,  1882. 
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delicate  markings,  caused  by  a  linear  arrangement  of  minute,  hair-like  fibres, 
which  Mr  Kainey^  stated  increase  in  size  as  the  animal  gets  older.  They 
Borne  times  are  pointetl,  and  the  appearance  imder  a  high  power  (1000 
diameters)  ia  ns  if  the  investment  consisted  of  very  deHcate,  transparent, 
conical  hairs,  terminating  in  a  pointed  process.^  The  contents  of  the  cysts 
consist  of  gramilar  matter,  the  gmimles  or  particles  of  which,  when  mature, 
are  oval,  and  adhere  together,  so  as  to  form  indistinct  divisions  of  the  entire 
mass.  The  length  varies  from  ^J^th  to  Jth  of  an  inch.  They  are  usually 
narrow ;  they  lie  within  the  sarcolemma,  and  appear  often  not  to  irritate  the 
muscle. 

Up  to  the  present  time  no  injurious  effect  has  heen  known  to  bo  produced 
on  men  by  these  b<xlie^,  notwithstanding  their  enormouB  quantities  in  the 
flesh  of  domestic  animals,  nor  have  they  heen  discovered  in  the  muscles  of 

Linen,     But  in  pigs  these  bodies  sometimes  produce  decided  illness  ;  besiJea 

I  general  signs  of  illness,  there  are  two  invariable  symptoms,  viz.,  paralysis  of 
the  liind  legs,  and  a  spotty  or  nodnlar  eruption.^     In  sheep,  they  have  b^on 

'  known  to  affect  the  muscle  of  the  giillet»  and  produce  abscesses,  or  what  may 
be  caUe<l  so,  vi2.^  swellings  sometimes  as  largti  as  a  nut,  and  containing  a 
milky,  purulent-looking  fluid,  with  myriads  of  these  capsules  in  it  Sheep 
oflected  in  this  way  often  die  suddenly.* 

It  is  by  no  means  improbable  that  some  effect  on  man  may  be  hereafter 
discovered  to  be  produced. 

Some  bodies,  which  have  been  al^>  tenned  Psormpermia^  found  in  the 
liver  of  the  rabbit,  and  other  parts,  and  in  the  liver  of  man,  and  which  have 
been  described  by  many  ol>servers  in  diff'erent  terms,''  may  possibly  be  found 
in  other  animals,  as  they  have  been  seen  in  the  dog  by  Virchow.  They  are 
quite  diflerent  from  Rainey's  corpuscles ;  they  are  oval  or  rounded  bodies;, 

^  at  first  with  granular  contents,  and  tlien  with  aggregations  of  granules  into 
three  or  four  rounded  bodies,  in  which  something  like  a  nucleolus  13  seen* 
They  have  often  been  miataken  for  pus  cells. 

Some  other  bodies  occur  in  the  flesh  of  pigs,  the  nature  of  which  la  not 

^yet  known.  Wiederhold**  described  a  case  in  which  little  white  specks,  witli 
all  the  appearance  at  first  of  encapsuled  TrichifUEj  could  not  h©  proved  to  be 
80,  and  their  real  nature  was  quite  obscure* 

Virchow  has  described  Httle  concretions  in  the  flesh  of  the  pig,  which 
seemed   to  bo  composed  of  guanin  ;"  these  were   also  at  first  taken  for 

t  ancapsuled  Trich  in cer. 

Roloff^  has  noted  little  hard  round  nodides  in  the  flesh  of  the  pigj  some 
aeem  very  small,  others  as  large  as  the  head  of  a  pin,  with  little  prolonga- 
tions running  to  the  surrounding  muscular  fibres  to  wliich  they  are  attached. 
On  the  outside  of  these  bodies  are  bundles  of  fine  hairs  or  needles,  some- 
times arranged  in  quite  a  feather-like  form.  The  bodies  have  a  great  resem- 
blance to  the  guanin  bodies  of  Yirchow,  but  the  needles  are  not  crj-'stalline. 
Rolotf  asked  if  the^e  bodies  were  of  post-mortem  origin. 

It  is  hardly  necessary  to  state  that  in  cutting  across  meat  small  bits  of 
tendons  or  fasciti,  sometimes  very  like  ^  little  cyst^  will  be  fomid;  but 
common  care  will  prevent  a  mistake. 


4 

I 


I 


1  PML  Tram.,  1857* 

•  Beak,  in  Third  Report  o/th£  Cattle  Plague  Commimm,  Appendix, 
■  Virchow 's  j4rcAtt«,  Band  rxxviii.  p.  355, 

•  LeiiHTing,  in  Virt:how's  ArehiVj  Band  ixxvlu  p,  431, 
»  Leuck.art,  /Ma  MenatM.  Paras.,  Band  i  j).  tiO ;  Stieda,  Virotar*i  Arehiv^  B^d  xxxiL 

132 ;  Rolotr,  Virchow'fl  Archtv,  Band  xUil.  p»  &12. 

•  Virchow's  ArcMv,  Band  xxxiii  p.  5i9t 

f  2M.,  Band  xxxv.  p.  353.  *  IbitL,  Bmd  xliU,  p.  524 
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2.  Sait  Meat 

It  is  not  at  all  easy  to  judge  of  salt  meat,  and  the  test  of  cooking  must 
often  be  employed.     The  following  points  should  h^  attended  to : — 

(a)  Tkf  miting  hcts  been  well  doney  but  the  parU  inftHor. — This  is  at  once 
detected  hy  taking  out  a  good  number  of  pieces  j  those  at  the  bottom  of  the 
cask  should  be  looked  at^  as  well  as  those  at  the  top. 

{b)  Th€  mlting  well  done,  and  the  parU  (food,  but  the  meat  old. — Here  the 
extreme  hardness  and  toughness,  and  shri^^elling  of  the  meat,  must  guide  us. 
It  would  be  desirable  to  have  the  year  of  salting  placed  on  the  cask  of  salt 
beef  or  pork, 

(c)  The  salting  well  done,  hut  tim  mmi  had. — If  the  meat  \mn  partially 
putrefied,  no  salting  will  entirely  remove  its  softness ;  and  even  tliere  may 
be  putrefactive  odour,  or  greenish  colour,  A  slight  amount  of  decomposi- 
tion is  arrested  by  the  salt,  and  is  probably  inde  tec  table.  Cyyticerci  are  not 
killed  by  salting,  and  can  be  detected.  Measly  pigs  are  said  to  salt  badly, 
hut  according  to  Gamgee  this  is  not  the  case, 

(df)  Tlie  salting  badlt/  done^  either  from  haste  or  had  brine. — Tn  both  cases 
signs  of  putrefaction  can  be  detected ;  the  meut  is  paler  than  it  abould  be ; 
of  tea  slightly  greenish  in  colour^  and  with  a  peculiar  odour. 

It  ahotdd  be  remembered  that  brine  is  sometimes  poisonous  j  this  occurs 
in  cases  where  the  brioe  has  been  used  several  times ;  a  large  quantity  of 
animal  substance  passes  into  it^  and  appears  to  decompose.  The  special 
poisonous  agent  has  not  been  isolated,  but  is  probably  a  ptomaine. 


SuB^BCTioN  lY. — Diseases  arising  from  altered  QuALrrY  op  Meat. 

A  very  considerable  quantity  of  meat  from  diseased  animals  is  brought 
into  the  market,  but  the  amount  is  tmcertain. 

L  The  fiesk  of  apparentli/  healthy  animals  may  produce  Powm/nus 
SyrnptomM. — Among  the  Mammalia  the  flesh  of  the  pig  sometimes  causes 
diarrhoea- — a  fact  noticed  by  Dr  Parkes  in  India,  and  often  mentioned  by 
others.  The  iesh  is  probably  affected  by  the  unwholesome  garbage  on  which 
the  pig  feeds.  Sometimes  pork,  not  obviously  diseased,  has  produced 
choleraic  symptoms,^     In  none  of  these  cases  has  the  poison  been  isolated. 

2,  The  Jlesh  of  healthy  animals,  wlien  decomposing^  is  eaten  sometimes 
without  danger ;  hut  it  occasionally  gives  rise  to  gaatro-intestinal  disorder — 
vomiting,  diarrhoea,  and  great  depression ;  in  some  cases  severe  febrile  symp- 
toms occur,  which  are  like  typhus,  on  account  of  the  great  cerebral  compli- 
cation.    Cooking  does  not  appear  entirely  to  check  the  decomposition. 

It  appears  to  be,  in  some  cases,  the  acid  fluids  of  cooked  meat  which 
promote  this  alteration. 

Sausage^  and  pork*pies,  and  even  beefsteak-pies,^  sometimes  become 
poisonous  from  the  formation  of  an  as  yet  unknown  substance,  whicli  is  per- 
haps of  a  fatty  nature  or  a  ptomaine.  It  is  not  trimethylamine^  amylaminc, 
Qr  phenylamine — these  are  not  poisonous  (Schlossberger),  The  symptoms 
are  severe  intestinal  irritation,  followed  rapidly  by  nervous  oppression  and 
collapse.  3     Neither  salts  nor  spices  hinder  the  production  of  this  poison, 

1  E««tev«ii  dtos  R  good  cue  in  wbiob  tiralm  penom  were  aflected.  MfcL  Times  amd 
OtatUe,  March  ^  1864. 

*  Dt  de  Chaumont  haa  Been  viery  severe  BymptomB  producedi  diarrliaPA  and  i«rtial  coUapeie, 
from  eatiug  be«fat6ak-pie  which  preiented  sotltiiig  unpleasant  to  the  Uute. 

*  A  savoro  cA»e  of  poiJUiniDg  by  liver  aaUBages  took  place  at  Mlddelhurg,  in  Hollas d,  in 
Blarth  1874*  Nearly  400  were  attacked,  and  out  of  343  reported  cases  6  died.  The  i^y  mptoma 
comiuencod  a  few  boora  after  the  sauai^gea  were  eaten,  and  ooosiaied  of  nauaca  and  vomituig, 
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M.  van  den  Corput  attriljutea  the  poisonous  effects  of  sausages  to  a  fungus^ 
of  the  nature  of  Sarcina^  or  what  he  terms  Sarcina  f*otulina,^ 

I)r  Ballard  has  reported  two  reraarkahlo  cases  of  poisoning  by  ham  and 
hot  haketi  pork.  Tho  first  occurred  at  Wellrcck  m  1 88Q,  and  the  second  at 
Nottingham  in  1881.  In  both  instances  a  ouml>er  of  persons  who  partook 
of  the  meat  were  tiiken  ill,  and  some  died.  Dr  Klein  examinod  the  meat, 
and  found  it  loaded  with  Banili,  which  were  also  found  in  the  organs  of 
the  fatal  ciises.  Guinea-pigs  and  mice,  inoculated  with  the  fluids  of  the 
body,  died  with  pnemnonia  and  peritonitic  symptoms :  Bacilli  were  found 
in  tlie  tirgana/^ 

Another  case  of  sausage  poisoning,  occurring  at  Chester,  lias  been  recorded 
by  Dr  Ballard,  presenting  dilferent  characters.  The  symptoms  were  those 
of  gastK>-intRstinal  irritation,  which  pE^sed  off,  but  was  followed  by 
pneumonia,  that  proved  fatal  Ko  post-moHem  examination  could  be  made. 
In  tlie  Wei  beck  and  Xottiugham  cases  there  was  an  incubation  pen^xl  j  in 
this  case  the  illness  c^me  on  at  once  :  in  the  former  the  poison  was  probably 
ttiat  of  an  acute  specific  disease ;  in  the  latter  an  organic  chemical  poison 
(Ballard.  )"l 

3.  The  fresh  and  not  decompmiTig  flesh  of  diseased  animals  causes  in  many 
easea  injurious  effects.  A  good  deal  of  diflereDce  of  opinion,  however,  existe 
on  this  point,  and  it  would  seem  that  a  more  careful  inquiry  is  necess*iry. 
The  probability  is  that,  when  attention  is  directed  to  the  suhject,^  the  effect 
of  diseased  meat  will  be  found  to  be  more  considerable  than  at  present 
believed.'*  At  the  same  time,  wo  must  not  go  beyond  the  facts  as  they  are 
at  present  known  to  us,  and  at  present  certainly  bad  effects  have  been 
traced  in  only  a  few  instances ;  perhaps  the  heat  of  cooking  is  the  safe- 
guard. 

(a)  Accidents. — ^The  flesh  of  animals  killed  on  account  of  accidents  may 
be  eaten  without  injury. 

(b)  The  flesh  of  over-driuen  animals,  according  to  the  late  Profeaaor 
Cramgce,  contains  a  poison  which  often  p^iduces  eczema  on  the  skin  of  those 
who  handle  it ;  and  eating  the  flesh  is  said  to  "  have  been  attended  with 
bad  eflects/' 

{e)  Early  Stage  of  Acute  Inflammatory  Diieme. — The  meat  is  not  a|K 
|)arently  altered,  and  it  is  said  that  some  of  the  prim  est  meat  hi  the  London 
market  is  taken  from  beaata  in  this  condition ;  it  is  not  known  to  be  injuri- 
ous, but  it  has  been  recommended  that  the  blood  should  be  allowed  entirely 
to  flow  out  of  the  body,  and  should  not  be  used  in  any  way. 

(d)  TahercidQSis. — It  is  now  almost  accepted  that  tuberculosis  in  cattle 
cannot  exist  without  the  tubercular  bacillus  having  boon  the  exciting  cause. 
Certain  predisposing  conditions  may  he  present  in  the  case  of  all  auimala, 
such  as,  malnutrition,  bad  ventilation,  damp  soil,  hereditary  predisposition, 
&c.  The  bacillus  gains  access  to  the  body  either  by  inhalation  of  contami- 
nated air  or  by  inoculation  or  by  the  ingestion  of  food  containing  the  specific 
organism  or  its  spores :  these  when  swallowed  adhere  to  the  mucous  mem- 


dinrrhcBa  uritb  offenaivB  stools,  and  abdominal  pain  and  high  fever,  Thi*  eymptoius,  after 
apparent  convaleficence^  recurred  for  several  dajs,  and  at  lost  became  quite  of  nn  iittcrniittent 
t^haracier.  Chemical  and  microfioopical  examination  failed  to  dettsct  anything,  excej)t  that 
there  were  quantities  of  the  minutest  organisms  in  the  musagOB  {CttUtmbtaU  fyr  4u  M«k 
Wi4s.,\m>.  No.  14,  p.  219). 
1  Quoted  by  Letheby.  Chemical  J^ews,  Feb.  1869. 

*  Tmik  HepoTi  of  the  Medical  Ofker  of  the  Local  OavemmeHt  Board,  1880. 

*  Bieoimth  Report  ^  Med,  Of,  of  Lot,  Gov,  Board,  1881. 

^  Profcwsor  Clamgee  said  that  one-(iflh  of  the  meat  in  London  was  more  or  leas  diieaaed,  but 
with  the  praseat  supervision  this  must  he  largisly  le&seued. 
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brane  of  tlie  different  organs,  and  may  there  midergo  further  development : 
from  the  Tiiucoim  surfaces  they  pass  into  the  surrounding  tissues  and  to  the 
lymphatic  glands,  which  become  largely  affected:  after  them  the  serous 
membranes  of  the  abdomen  and  thorax  are  the  most  frequent  seat  of  the  die- 
ease.  The  organs  moat  frequently  affected  are  the  lungs,  liver,  kidneys,  and 
brain,  and,  in  the  cow,  the  udder.  In  cattle  localised  tuherculoeis  is  the 
exception.  The  muscles  appear  to  be  rarely  affected,  although  bacilli  have 
been  found  in  the  expressed  juice,  which  had  infective  propertiea:  they 
have  also  been  found  in  the  blood  and  in  the  secretions  ol  the  diseased 
organs. 

From  the  appearance  presented  by  tubercidar  deposits  in  the  serous  linings 
of  the  thorax  and  abdomen^  animals  suffering  from  well-marked  symptoms 
are  said  to  have  the  **  grapes  " — the  little  nodules  in  the  substance  of  organs 
resemble  fmit  straies,  and  are  called  "kernels."  There  may  be  no  visible 
symptom  of  the  disease  hi  the  animab  uidess  in  the  case  of  an  acute  attack, 
in  which  case  there  is  always  fever  and  rapid  wasting  ol  the  body.  When 
the  diKcase  attacks  the  externa!  organs,  such  as  the  udder,  there  is  generally 
no  con.stitutional  distiu'bance ;  this  is  much  more  likely  to  be  present  when 
the  internal  viscera  are  affected,  so  that  an  animal  may  bo  extensively  dis- 
eased and  yet  exliibit  no  symptom  to  call  for  special  attention.  The  ques- 
tion of  the  use  of  the  flesh,  as  of  the  mdk,  of  tuberculous  animals  has  been 
extensively  debated.  From  the  nature  of  the  case  there  is  great  difKculty 
in  obtaining  direct  evidence  of  the  transmission  of  the  disease  from  animals 
to  man.  According  to  Johme,^  the  flesh  of  tuberculous  animals  may  be 
eaten  if  tiie  tulierculosis  is  not  general,  but  the  internal  organs  affected  and 
the  lymi>liatic  glands  are  to  be  put  on  one  side.  In  general  tuberculosis  the 
flesh  sbould  not  l>e  eatem 

The  Commission  appointed  in  Victoria,  Australia,  to  report  on  the  extent 
of  tuberculosis,  considered  that  the  meat  of  animals  strongly  affected  with 
the  diseiLse  should  be  forbidden,  hut  in  less  severe  cases  it  could  he  consumed.^ 

According  to  the  experiments  of  Kastner  infection  is  not  be  feared  except 
in  those  rare  cases  in  which  tubercles  are  fotind  in  the  mnscles :  while  in 
some  other  experiments  by  Steinhei!,  it  appeared  that  tuberculosis  could  be 
transmitted  to  guinea  pigs,  by  administering  the  expressed  juice  from  fiesh 
in  M'liich  no  tubercles  could  be  seen.^ 

At  the  Congress  on  Tuberculosis,  held  at  Paris  in  1888,  Nocard  intro- 
duced the  subject  of  transmission  by  meat  of  infected  animals,  and  con- 
sidered that  their  flesh  could  be  eaten  with  safety,  when  the  tubercles  were 
limited  to  the  viscem  and  lymphatics ;  and  was  only  exceptionally  danger- 
when  the  disease  was  generahaed :  the  general  opinion,  however,  was 

it  all  tuberculous  meat  should  be  condemned,  and  finally  the  Congress 
passed  a  resolution  to  this  effect* 

An  official  decree  was  promulgated  by  the  French  Government  in  July 
1888,  forbidding  the  sale  of  tuberculous  meat,  (1)  if  the  lesions  are  genor- 
aliseci ;  (2)  if  the  lesions,  though  localised,  have  invaded  the  greater  part  of 
an  organ,  or  are  manifested  by  an  eruption  on  the  walls  of  the  chest  or  of 
the  abdominal  uivity  :  such  flesh  not  to  bo  used  for  feeding  animals  but 
destroyed.  In  Austria  when  the  tuberculosis  is  localised  the  meat  is  passed 
as  healthy ;  the  same  holds  good  at  Berlin.^ 


B  limi 

PES 


1  Dfni$cM  ZeU$chTiflf,  Thter,  Med.,  Band  Ix. 

*  Public  HeaUh,  1888. 

*  Public  nmllA,  Nov.  18S9  and  Jan.  1890. 

*  FuUie  Health,  1888,  Sept.  and  Out 


5  B.M.J,,  Dec  21, 1889. 
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A  judicial  inquiry  of  great  importance  was  held  at  Glasgow  before  Sheriff 
Berry  in  June  1889.  The  €[uoi>tion  was  whether  sanitary  authorities  could 
contlemn  a  whole  carcass,  however  sound  it  might  appear^  if  tubercle  was 
undoubtedly  present,  however  localised  it  might  seem  to  be.  Much  expert 
evidence  was  given  on  both  sides.  The  Sheriff  decided  that  the  evidence 
clearly  showed  that  the  disease,  though  to  the  naked  eye  only  local,  was  Lri 
point  of  fact  generaHsed ;  that  the  bacilli,  which  are  the  cause  of  tuber- 
culosia,  were  found  in  a  portion  of  the  body,  which,  in  the  ordinary  course, 
would  not  have  been  **  strijiped,"  or  removed  ;  that  cooking  was  not  certain 
to  destroy  such  bacilli ;  that  tuberculosis  was  jiroved  to  be  transmissible  from 
animal  to  man  by  ingestion  of  meat ;  that  therefore  there  is  danger  to  the 
public  health  in  the  consumption  of  such  meat^ 

During  the  late  session  of  Parliament  (1890),  a  Royal  Commission  lias 
been  appointed  ^  "  to  inquire  and  rejiort  what  is  the  effect,  if  any,  of  food 
derived  from  tuberculous  animals  on  human  health ;  and  if  prejudicial,  what 
are  the  circumstances  and  conditions  with  regard  t<i  the  tuberculosis  in  the 
animtd  which  produce  that  effect  in  man,"  The  result  of  this  inquiry  will 
be  awaited  with  great  interest. 

(e)  Epidemic  pleuro-pueuntonia  of  Cattle.— Tim  disease,  which  is  pecidiar 
to  the  ox,  is  a  contagious  inllammation  of  tlie  Imigs  and  pleura ;  but  it  has 
never  been  transmitted  to  other  than  bovine  animals,  its  etlects  are  localised 
ill  the  lungs  alone,  and  even  in  these  organs  the  disease  is  a  limiting  one 
(Walley).  In  the  advanced  stages,  and  wlien  a  large  area  of  lung  tissue  is 
destroyed,  with  extensive  pleurisy,  the  Heah  becomes  altered  in  colour  and 
consistence.  The  rule  is  to  pass  the  carcasses  of  animals  affected  with  pleuro- 
pneumonia  as  marketable  and  innocuous,  if  they  present  no  departure  from 
natural  conditions.  It  is  said,  on  the  authority  of  Drs  Xicolson  and  Frank, 
who  made  very  careful  inquiries,  on  this  point,  that  the  Kathrs  ate  their 
cattle  when  destroyed  by  the  epidemic  lung  disease  which  prevailed  at  the 
Cape  a  number  of  years  ago,  without  injury.  Dr  Li^angstoec,  however, 
states  that  the  use  of  the  flesh  produces  carbmicle, 

(/)  Anthrax  and  Maltfjnant  Pu,^tu/e, — ^faiiy  of  the  older  authoia 
{Ramazzini,  Lancisi,  quoted  liy  Levy)  mention  facts  tending  to  prove  the 
danger  of  using  the  fle^sh  of  animals  affected  with  malignant  pustule* 

The  evidence  laid  before  the  Belgian  Academy  of  Medicine  led  them  t<> 
believe  the  flesh  of  cattle  affected  with  carbuncular  fevers  to  be  injurious, 
and  it  is  not  allowed  to  be  sold, 

^lenschel  ^  has  recorded  a  case  in  which  twenty-four  persons  were  seized 
with  malignant  pustule,  the  majority  after  eating  the  flesh  of  beasts  suffer- 
ing from  the  disease,  the  others  from  direct  inoculation.  Those  who  ate 
the  flesh  were  attacked  in  three  to  ten  days  ;  those  who  were  inoculated 
in  three  to  six  days.  It  is  also  stated  that  pigs  fed  on  the  flesh  got  the 
disease,  and  tbat  a  woman  who  ate  some  of  the  diseaaed  pork  was  also 
attacked. 

On  the  other  hand,  several  old  authors,  and  more  lately  Keffel,*  aasert 
that  the  Kirghise^s  constantly  eat  horses  and  cattle  (either  killed  or  dying 
spontaneously)  affected  with  malignant  pustule,  without  injury. 


I  For  iin  account  of  the  evidence  see  PuUk  UrtdtK  July  1889.  See  tlAO  on  tbi»  qnesdon  a 
Iteport  bv  4  coramitt«d  of  the  North  of  Ireland  Branch  of  the  Britiah  Medical  Asaociatioii  in 
B.MJ,,  Dec.  21,  1889. 

3  The  Royal  Comniisston  on  TuberculosiB  was  anpotnt&d  on  th«  22nd  July  1890.  The 
menibera  ai« — Lord  Baaing,  Dr  George  Buchanan,  F«R.8,,  I>r  J.  Frank  Pa3'ne2  Professor 
Burdon  Sandenon,  F.ILS..  and  Professor  Brown»  C.B. 

*  Preusg.  Med.  Zfil.,  4th  Junt'  ISK'i  ;  and  Canstatt'a  /oArwfr.,  1862,  Band  Iv.  p.  267. 

*  CanstaU'a  Jahrtsb,  for  18<M>,  Band  il  p.  13?. 
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Parent-DucMteletji  quotes  a  case  from  Hamel  (1737),  in  wIiilIi  a  bull 
infected  tliree  persoos  who  aided  in  killing  it  and  a  surgeon  who  opened 
one  of  tlie  tumours  of  a  person  aftected ;  yet,  of  more  than  100  persons  who 
ate  the  ie^h  roasted  aud  boded,  no  one  experienced  the  aHghtest  incon- 
venience, and  Parent  states  tliiit  many  other  ciises  are  known  in  literature. 

Parent-Due  ha  tele  t  and  Levy^  quote  from  Morand  (1776)  an  instanco  in 
whic!i  two  bulls  communicated  malignant  jmstule  to  two  butchers  by  inocu- 
lation, yet  the  flesh  of  the  animals  \vx^  eaten  at  the  **  Invalide^s ''  without 
injury.  But  both  these  instances  are  of  old  date.  Pappenheim^  states 
(without  giving  special  instances)  that  there  are  many  ernes  m  which  no 
bad  effect  resulted  from  the  cooked  ilesli  of  c/tarbon — ^that  the  peasants  of 
Posen  eat  such  meat  with  perfect  indifference,  and  believe  it  is  harmlesij 
when  boiled.  Amould  states  that  in  the  district  of  Beauce,  the  farmers  and 
farm  servants  consume  the  flesh  of  sheep  sufl'ering  from  ckarhon^  and 
apparently  without  ill  effects ;  these  people  are  well  aware  of  the  danger 
attending  inoculation  of  the  disease  through  a  cut  or  abrasiom  A  very 
slight  abrasion  in  the  mucous  membrane  of  the  alimentary  tract  may  Ijo 
siifticient  to  bring  about  inoculation,  such  as  is  censed,  in  the  case  of  animals 
for  instance,  by  the  presence  of  thistles  in  their  food.  Arnould  conciudes 
that  t!ie  meat  of  animals  suffering  from  the  disease  sliould  be  condemned  as 
un6t  for  food. 

With  regard  especially  to  Eri/sipelas  carbtmctdosum^  or  black-quarter,  as 
distinguished  from  malignant  pustule  (if  it  is  to  be  so  distinguished},  Professor 
t  lamgee  *  refers  to  cases  of  poisoning  and  two  deaths  mentioned  to  him  by 
l>r  Keith^  of  Aberdeen^  caused  by  editing  an  animal  affbcted  with  black- 
quarter.  He  also  notices  an  instance  which  occurred  **  a  number  of  yetirs 
ago  in  Dumfriesshire/'  when  seventeen  persons  were  more  or  less  affected, 
and  at  least  one  died,  and  states  that  a  number  of  cases  have  been  related 
to  him  by  different  observers. 

Fleming  considers  that  the  facihty  with  which  anthrax  can  be  communi- 
cated by  actual  contact  with  matter  impregnated  with  the  virus,  and  the 
great  rupi^lity  with  which  putrefaction  sets  in  after  death,  prove  the  inad- 
visability  of  using  the  flesh  for  food.  Professor  Walley  goes  so  far  as  to 
say  that,  however  firm  and  good  the  meat  may  appear  to  be»  it  should  be 
unhesitatingly  condemned  and  destroyed  if  indubitalple  evidence  of  the 
existence  of  anthrax  is  forthcoming.^ 

Notwithstanding^  therefore,  the  discrejjancy  in  the  cases  above-mentioned, 
it  must  be  atimitted,  that  the  ingestion  of  the  flesh  of  animals  aflected  with 
anthrax  by  man  is,  to  say  the  least,  highly  dangerous,  and  that  the  weight 
of  opinion  is  iii  favour  of  its  condemnation. 

(<7)  SpUuic  Apopkxy  or  Braxi/  of  She^. — Professor  Simonds  ^  states  that 
pigs  and  dogs  died  in  a  few  hours  after  eating  the  flesh  of  sheep  dead  of 
braxy.  Professor  Ciamgee'  affirms  the  same  thing ;  but,  on  the  other  hand, 
Dr  McGregor  states  that  dogs  eat  the  meat  with  perfect  impunity.  The 
exiieriments  at  iU fort  *  have  also  shown  that  pigs,  dogs,  and  fowls  arc  not 
incommoded  by  this  poison,  which  yet  acts  violently  when  swallowed  by 
sbeep^  goats,  or  horses.  So  also  Dr  Smith  *  states  that  the  shepherds  in 
the  Highlands  of  Scotland  cat  by  preference  bmxy  sheep,  and  are  quite 

1  Tom,  ii.  p,  im,  a  XruiU  tV  Uy^iM,  1879,  torn.  H  p.  6»0. 

*  Mandh,  dtr  SimitiUiPd,,  Band  i,  p»  ^7, 

-    *  Fifth  Rtp&rt  qf  Medical  OJfktf  to  the  Priny  Council,  p.  290. 
m  *  PracHeai  Guide  i<f  MetU  /tumectwH  by  Thoitiaji  WAllBy,  18$H). 
■  •  AjrrkttUural  Journal,  No.  60,  p.  *23z 

'  Privy  Councd  Report,  1863*  p.  280,  «  Wvy,  t.  ii.  p.  631, 

•  Social  Science  Traru,  for  1863,  p.  &r>9. 
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healthy.  Dt  M*Gregor  says  that  tho  flesh  of  braxy  sheep  is  never  cooked 
until  it  has  been  steeped  for  two  months  in  brine,  and  then  suspended  for  a 
time  from  the  kitchen  roof.  It  is  preferred  to  ordinary  salt  mutton,  because 
it  htis  rather  a  flavour  of  game. 

According  to  W alley  the  tenn  **  braxy  '*  is  used  in  a  very  vague  and 
indefinite  manner  with  regard  to  sheep ;  in  some  instances  referring  to  a 
cachexy  from  bad  feeding,  in  which  caae  the  flesh  is  not  deleterious,  though 
unmarketable  ;  in  c»ther  instances  being  applied  to  conditions  resulting  from 
anthrax  and  septicaemia,  when  the  tiesh  should  certainly  be  condemned. 

(A)  Smallpox  of  Sheep, — The  tie^h  has  a  peculiar  nauseous  smell,  and  is 
pale  and  moist.  It  produces  sickness  and  diarrhoea,  and  sometimes  febrile 
symptoms, 

(»)  Foot-and-mouth  DUease  (Aphtha  (tjr  Eczema)  epitootica). — L^vy  ^  states 
that  at  different  times  (1834,  1835,  1839)  the  aphthous  disease  has  pre- 
f  Tailed  among  cattle  both  at  Paris  and  Lyons  without  the  sale  of  the  meat 
'  being  interrupted  or  giving  rise  to  bad  results.  In  ordinary  cases  the  con- 
dition of  the  carcass  differs  in  no  respect  from  that  of  one  whiuh  has  beett 
alaughtered  in  perfect  health.  Of  course  the  affected  parts  should  not  be 
used  for  food. 

{j)  Cattle  Plague  (Rinderpest ^  Tophus  contagiosus  of  (ke  Frfuch), — A 
prioriy  such  flesh  would  be  considered  highly  dangerous,  and  tlie  Belgian 
Academy  of  Medicine  so  consider  it ;  l>ut  there  is  some  strong  evidence  on 
the  other  side.  In  Strasbourg  and  in  Paris,  in  1814,  many  of  the  beasts 
eaten  in  those  cities  for  several  months  had  rinderpest^  and  yet  no  ill  conse- 
quences were  traced.  But  it  may  be  que^stioned  whether  tliey  were  looked 
for  in  that  careful  way  they  would  be  at  the  present  day.^  Some  other 
evidence  is  stranger ;  Renault,  the  director  of  the  Veterinary  School  at 
Alfort^  made,  for  several  years  after  1828,  many  experiments,  and  asserts 
that  there  is  no  danger  from  tlxe  cooked  ilesh  of  cattle,  pigs,  or  sheep  dead 
lof  any  contagious  disease  ("quelle  quo  soit  la  repugnance  bien  naturelle 
que  puissent  inspirer  ces  proiluits  *^).^  So,  also,  during  the  occurrence  of  the 
riixderpest  in  England  (1865),  largo  quantities  of  the  meat  of  animals  killed 
in  all  stages  of  the  disease  were  eaten  without  ill  eifects.  In  Bohemia  also, 
in  1863,  the  peasants  dug  up  the  animals  dead  ydih  rinderpest,  and  ate 
them  ^-ithout  bad  results.*  The  constitution  is,  however,  gravely  affected, 
and  at  the  j>resent  time  the  majority  of  experts  condemn  the  flesh  as  unBt 
for  human  food, 

(k)  RftbUs  m  the  dog  and  cow  produce  no  bad  effects.^  Professor  Walley, 
however,  is  of  opiiuon  that  the  fltsh  of  an  animal  that  has  siiflered  from 
rabies,  should  not  knowingly  bo  passed  as  tit  for  food. 

(/)  Diseases  in  the  pig,  like  scarlet  fever  and  pig  tt^hiis^  have  prevailed  in 
London,  and  the  flesh  has  been  eaten.     No  injury  has  been  proved.* 

{m)  CydicercxLs  cellulosct  of  the  pig  produces  Tcenia  mlinm,  and  that  of  the 
ox  and  cow  Taenia  medwcaneliata.  These  entozoa  often  arise  from  eating 
the  raw  meat,  but  neither  cookijig  nor  salting  are  preservative,  though  they 
may  lessen    the   danger.      Smoking    appears    to  kill    Of/stieercif   and  so, 

I  TraUi  iT  Hyijiine,  1879,  t.  ii.  p.  63L 

I      *  Tbo  words  of  Coze  {FarenUDuchMdei^  t.   Jx  p.   201)  are,  hovferer,  verv  strong.    At 

•  BtrwboaiTgj  he  »yi,— "  Uu  millier  de  bcetifs  de  grande  taiile,  moloderi  pour  U  plupart  au 

plus  liaut  degr^  puisqn'mi  umx  gntid  nombro  ont  eU  egorg^  au  mume^nt  oix  ih  lulaient  ex- 

pirer,  a  <^t^  coDflonune,  peiMluit  et  apr^  lo  blocti^,  et  cot  aUment  ii'a  prodait  aucuno  tnAliidia** 

*  Payea,  De^  Subttances  Alimentaire*^  pp.  30,  31. 

<  Evidence  of  Cattle  Plague  Commisnon^  qucfftion  997,  and  other  places. 
B  Parent- Ducbitelet,  t.  IL  p.  197»  cites  a  caae  of  seven  mad  cows  bdlig  »old  without  iiyiiry 
to  those  who  ale  the  f1e»h.    8ee  al»o  Flemings  op,  cit^^  voL  Q.  p.  288. 

•  Lethehjr,  Chem,  Nem,  Joo,  15, 1S69» 


DISEASES  OF  ANIMALS  USED  FOR  FOOD. 


277 


I 


according  to  Delpech,  does  a  temp<!ratiire  of  212"  Fahr.  T.  Lewis  ^  found 
tliat  a  mucli  lower  temperature  sulftcecL  Wlien  Ct/sticerd  had  been  exposed 
for  five  minutes  to  a  heat  of  130**  Fahr.  he  could  detect  no  movements^  and 
he  considered  that  a  temperature  of  from  135*  to  IW^  F»  for  five  minvitea 
would  certainly  kill  them.  Lewis  considered  there  was  no  danger  if  the 
cooking  were  well  done,  as  the  temperature  of  weU-done  meat  is  never  below 
150'  R 

(rt)  Trichina  spiralis  in  the  pig  givea  rise  to  the  curious  Trichina  disease 
c-aused  by  the  wanderings  of  the  young  Trichina!,  Tlie  affection  is  highly 
febrile,  resembling  enteric  fever,  or  even  typhus,  or  acute  tuberculosis,  hut 
attended  with  excessive  pains  in  the  limbs  and  oadema.^  Boils  are  also  some- 
times caused*  The  eating  of  raw  trichiniferous  pork  is  the  chief  cause,  and 
the  entozoon  is  not  easily  killed  by  cooking  or  salting.  A  temperature  of 
144°  to  155'  Fahr,  kills  free  Trickinm^  hut  oncapsuled  Trithin(£  may  demand 
a  greater  heat  (Fiedler).  During  cooking  a  temperature  which  will  coagu- 
late albumin  (ihQ"  to  155*  Fahr.)  renders  Trichince  incapable  of  propaga- 
tion, or  destroys  them.  As  a  practical  rule,  it  may  be  said  that  if  the 
interior  of  a  piece  of  boiled  or  roasted  pork  retains  much  of  the  blood-red 
colour  of  uncooked  meat,  the  temperature  has  not  been  higher  than  131" 
Fahr.,  and  there  is  still  danger.  Intense  cold  ami  complete  decomposition 
of  the  meat  do  not  destroy  Trichince,^  Hot  smoking,  when  tliorouglily  done, 
does  destroy  them  (Leuckart) ;  but  the  common  kinds  of  smoking,  when  the 
heat  is  often  low,  do  not  touch  Ti^chin^t  (Kiichenmeister). 

(o)  Echitiococciis  Disease, — It  is  weD  knovs^n  that  many  persons  will  eat 
freely  of,  ami  even  prefer,  the  liver  of  the  sheep  full  of  flukes.  No  direct 
evidence  has  been  given  of  the  production  of  disease  from  this  cause,  at  least 
in  this  country.  In  Iceland  Echinococcus  disease,  which  affects  a  large 
number  of  persons,  is  derived  from  sheep  and  cattle,  who,  in  their  turn,  get 
the  disease  from  T(€nia  of  the  dog  (Leared  and  Krahhe). 

(p)  Glajiders  and  farci/  in  horses  do  not  appear  to  produce  any  injurious 
eflects  on  their  flesh  when  eaten  as  food.  Parent-Duchatelet  *  quotes  two 
instances,  in  one  of  which  300  glandered  horses  were  eaten  without  injury* 
In  1870,  during  the  siege  of  Paris,  large  quantities  of  flesh  from  horses  with 
farcy  and  glanders  were  eaten  without  injury. 

(q)  Medicines,  especially  antimony^^  given  to  the  animals  in  large  quanti- 
ties, have  sometimes  produced  vomiting  and  diarrhoea.  Ar^emc^  also,  is 
occajsionaDy  giveuj  ami  the  flesh  may  contain  enough  arsenic  to  he  dan- 
gerous,* 

(r)  Enteric  Feifer,—ln  Germany  five  outbreaks  have  been  recorded  of  an 
illness  resembling  enteric  fever,  and  resulting  from  eating  the  flesh  of  calves. 
The  Andelfingen  epidemic  in  1839  followed  a  banquet,  at  which  from  500 
to  600  people  were  present ;  of  these,  450  were  attacked  :  the  sjTuptoms 
were  very  much  those  of  enteric  fever,  but  only  nine  cases  were  fatal :  the 

1  Phusiohgical  mid  Pathological  Bcjsearch&j  1888,  p*  501, 

*  Aitkeii'ii  P  fact  ice  e/  Mtdicim,  7th  edit.,  vol,  i,  p.  162,  See  also  reports  on  Hyj^ene  by 
tlio  lat«  Dr  Parkes  in  Uib  Army  Mfdical  ReporU  for  1860»  IStfl,  I^^^'-i*  ^nd  1863,  where 
references  to  most  of  the  early  cases  will  bo  found.  See  al«)  Th  Thudichnni'a  treAtiso  in  Mr 
Simon's  Report  to  the  Privy  Council,  1864. 

»  Carr^  {Comptes  Mentifis,  xcv,  lu  147)  aays  thAt  they  are  deetroyed  at  40"  to  50'  below  zero 
of  Gemtigrade  (  =  40*  to  f>8*  below  zoro  of  Fahrcnlicit). 

♦  fflfg.  PuM,,  t  il  1&4  ;  see  aloo  I^vy,  t.  ii.  p.  630. 

»  Bee  a  well -marked  case  cited  by  Pa\'y  (^4  TrtatiM  on  Food  and  Dietdics,  2nd  ed,,  1876,  p. 
160),  a*  quoted  by  Gamgec,  from  the  Central  ZeUnnrj /Ur  die  ff&iammie  Veitrindrmeditin/ur 
185i  where  107  persons  were  attacked  after  eating  the  flesh  of  an  or  which  hud  been  treated 
with  tartar -emotic  previotis  to  Knng  slangbtered 

»  L6vy,  Tmiti  d'Hygiim^  1879,  t*  ii.  pp.  6d3  64 ;  reference  to  eipcrinienta  of  Danger, 
FUndin,  and  Chatin. 
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{ usual  enteric  ulcerations  were  said  to  be  found.     At  Kloten  in  1B78,  717 

PpersonB  were  affected  :  rose-coloured  lenticular  spots  were  usually  abundant ; 
the  mortality  was  small,  but  typhoid  lesions  were  present.  The  other  out- 
breaks occurred  at  Birmenstorf,  Wiironlos,  and  Spreitenbach,  in  1879,  18B0, 
and  1881^  the  numbers  affected  l*eing  much  smaller.  In  two  of  the  calves 
lesions  resembling  those  of  enteric  fever  were  observed  post-mortem.  Un- 
fortunately the  obser^^ations  were  not  conducted  in  a  manner  calculated 
to  prevent  criticism,  and  the  question  therefore  cannot  be  considered  as 
settled  ;  h^it  the  possibility  of  tlie  transmission  of  enteric  fever  from  man  to 
animals,  and  vice  verm  must  not  he  overlooked. ^ 

In  time  of  peace,  the  duty  of  the  army  surgeon  is  simple.  Under  the 
terms  of  the  contract,  all  sick  beasts  are  necessarily  excluded.  Without 
reference,  then,  to  any  uncertain  questions  of  hurtfulness,  or  the  reverse,  he 

I  must  object  to  the  use  of  the  flesh  of  such  animals.     This  is  the  safe  and 

[  proper  course. 

But  in  time  of  war  he  may  be  placed  in  the  dilemma  of  allowing  such 
meat  to  be  used  or  of  getting  none  at  all.  lie  should  then  allow  the  issue 
of  the  meat  of  all  animals  ill  with  inflammatory  and  contagious  tliseases, 
with  the  exception  of  smallpox  and  anthrax  fever.  But  it  will  be  well  to 
te  the  precautions— 1^^,  of  bleeding  the  animals  as  thoroughly  as  possible ; 

'  ^nd^  of  using  only  the  muscle.%  and  not  the  organs,  as  it  is  quite  possible 
these  may  he  more  injurious  tlian  the  muscles,  though  there  are  no  decided 
facts  on  this  point ;  and,  3rd,  of  seeing  that  the  cooking  is  thoroughly  done. 
But  animals  ^\ith  enmllpox,  Cpsticerci^  and  Trkhinw^  especiaUy  the  last, 
should  not  be  used.  If  dire  necessity  compels  their  use,  then  the  employ* 
ment  of  a  great  heat  in  a  baker's  oven,  and  smoking  if  it  can  be  done,  may 

I  lessen  the  danger* 

Sub-Sbotion  V. — CooKiKO  OF  Meat, 


BoiUn^.—The  loss  of  weight  is  about  20  to  30  per  cent.,  sometzmm  ill 
much  as  40,  If  it  is  wished  to  retain  as  much  as  [)ossible  of  the  salta  and 
suluble  substances  in  the  meat,  the  piece  should  be  left  large,  and  should  be 
plunged  into  boiling  water  for  five  minutes  to  coagulate  the  albumin.  After 
this  the  heat  can  scarcely  be  too  low.  The  temperature  of  coagulation  of 
the  proteid  substances  differs  in  the  different  constituents :  one  kind  of 
albumin  coagulates  at  as  low  a  heat  as  86''  if  the  muscle  serum  be  very  acid  ; 
another  albumin  coagulates  at  113*  Fahr.  ;  a  large  quantity  of  albimiin 
coagidates  at  167*;  the  haBmatoglobulin  coagulates  at  158*  to  162*,  below 
which  temi>erature  the  meat  will  be  underdone.  If  the  temiKirature  is  kept 
alx>ve  170"  the  muscular  tissue  shrinks,  and  becomes  hard  and  indigestible, 
Liebig  recommends  a  temperature  of  158°  to  160**.  Most  military  cooks 
employ  too  great  a  heat :  the  meat  is  shnmken  and  hard.  In  boihng, 
aramonimn  sulphide  is  evolved,  with  odoriferous  compounds,  and  an  aeitl 
like  acetic  acid. 

If  it  is  desired  to  make  good  broth,  the  meat  is  cut  small,  and  put  into  cold 
water,  and  then  warmed  to  150"  F. ;  beef  gives  the  weakest  broth.  In  a  pint 
there  are  about  150  grains  of  organic  matter,  and  90  grains  of  salt.  Mutton 
broth  is  a  little  stronger,  and  chicken  broth  strongest  of  all.  About  82  per 
cent,  of  the  salts  of  beef  pass  into  tlie  broth,  viz.,  all  the  chlorides,  and  most 
of  t!»e  phosphates. 

Broth  made  without  heat,  by  the  addition  of  four  drops  of  hydrochloric 

1  Antoald*!  Bj/gih^e^  |>.  880. 
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acid  to  a  pint  of  water  and  half  a.  pound  of  beef,  is  richer  in  soluble  albumin. 
Lactic  acid  oiid  chloride  of  potassium  added  together  have  the  same  effect. 
If  rather  more  hydrocliloric  acid  be  used  hut  no  salt,  heat  can  be  applied ; 
and,  if  not  higher  than  130*  Fahr.,  nearly  50  per  cent,  of  the  meat  can  bo 
obtained  in  the  broth, 

Rooding, — The  Ioah  varies  from  20  to  35  per  cent. ;  in  beef,  it  is  rather 
less  than  in  mutton  (Oesterlcn).  This  loas  is  chiefly  water ;  the  proportion 
of  carbon,  hydrogen,  nitrogen,  and  oxygen  remainitig  the  same  (Playfair). 
Roasting  should  be  slowly  done  ;  to  retain  the  juices,  the  meat  must  be  first 
subjected  to  an  intense  heat,  and  afterwanis  cooked  very  slowly ;  the  dry 
distillation  forms  aromatic  products,  which  are  in  part  volatilised  ;  the  fat  is 
in  part  melted,  and  Eows  out  with  gelatin  and  altered  extractive  matters. 
The  fat  often,  improperly,  l>ecomes  the  perquisite  of  the  cook,  and  may  be 
lost  to  the  soldier. 

Bakimj. — The  loss  in  baking  is  nearly  the  same,  or  a  little  less. 

Stewing. — This  is  virtually  the  same  as  roasting,  only  the  meat  is  cut  up, 
and  placed  in  enough  water  to  cover  it ;  it  is  continually  moistened  with  its 
own  juiceSj  and  is  often  mixed  with  vegetables.  Like  boiling  and  roasting, 
it  should  be  done  slowly  at  a  low  heat ;  the  loss  then  is  about  20  per  cent, 
and  chiefly  water  evaporated 

In  all  cases  there  is  one  grand  rule,  via.,  to  cook  the  meat  slowly,  and  ^vith 
little  heat,  and,  as  far  as  |>os3ible,  to  let  the  loss  bo  water  only*  The  fault 
in  military  kitchens  has  been,  that  excessive  heat  is  used.  The  meat  is  then 
often  a  sodden,  tasteless  mass,  with  hard,  shrunken,  and  indigestible  fibres. 
The  thermometer  will  be  found  very  useful,  especially  in  showing  cooks 
that  the  temperature  is  much  higher  than  they  think.  In  the  cooking  of 
salt  meat  the  heat  should  be  very  slowly  applied  and  long  continued  ;  it  ia 
said  that  the  addition  of  a  little  vinegar  softens  the  hard  sarcolemma,  and  it 
is  certain  that  vinegar  is  an  agreeable  condiment  to  take  with  salt  meat,  and 
is  pruKibly  very  useful*  It  may  be  of  importance  to  remember  this  in  time 
of  war. 

In  cutting  up  meat  there  is  a  loss  of  about  5  per  cent,  and  there  is  also  a 
loss  from  bone,  so  that,  all  deductions  being  made,  the  soldier  does  not  get 
more  tlian  7  ounces  of  cooked  meat  out  of  12  ounces.* 

The  large  quantity  of  flesh  extract  contained  in  the  brine  can  be  obtained 
by  dialysis ;  from  two  gallons  of  brine  a  fluid  has  been  obtained,  which,  on 
evaporation,  yielded  1  lb  of  extract,^ 

Sub-Sbotion  YL — Preservation  of  Meat. 

Meat  may  be  kept  for  some  time  by  simply  heating  the  outside  very 
Dngly,  BO  as  to  coagulate  the  albumin  ;  or  by  placing  it  in  a  close  vessel,  in 
rhich  sulphur  is  burnt,  or  by  covering  the  surface  with  charcoal.  Even 
common  salt  injected  into  the  vessels  will  keep  meat  for  some  time.  So  also 
will  free  exposure  to  pure  air ;  charcoal  thro^vn  over  it,  and  suspended  also 
in  the  air;  or,  the  me^t  being  cut  into  smaller  portions,  and  placed  in  a 
large  vessel,  heat  should  be  applied,  and,  while  hot,  the  mouth  of  the  vessel 
should  ho  closed  tightly  with  well  washed  and  dried  cotton  wool  j  the  air  ia 
filtered,  and  partially  freed  fri>m  germs.  The  application  of  sugar  to  the 
surface  is  also  a  gootl  plim.     Cold  is  a  great  preservative  of  meat ;  in  ice  it 


>  The  ftvcrogo  weight  af  1232  rations  of  cooked  meat  sapplied  diuly  it  Aldenhot  was  7  ot. 
I  tlmni.    Jti&e  1S89. 
»  Wliitcliiw,  Vhemkal  Ncm^  Marth  1804. 
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can  be  preserved  for  an  unlimited  period,  and  the  supposed  rapid  decomposi- 
tion after  thawing  seems  to  have  Ix^en  exaggerated.*  Fresh  meat  is  now 
largely  imported  from  America  and  Anstralia  by  being  kept  in  refrigerated 
chambers.^ 

Plans  of  this  kind  may  be  nsefiil  to  medical  officers  under  two  circum- 
stances, viz,,  on  board  ship,  and  in  sieges,  when  it  is  of  importiince  to 
preserve  every  portion  of  food  as  long  as  possible.  The  coverin^^  the  whole 
surface  with  powdered  charcoal  is  perhaps  as  convenient  as  any  plan. 

Meat  is  also  preserved  in  tin  cases,  either  simply  by  the  complete  exclusion 
of  air  (Api>ert*s  process)  or  by  jiartly  exclmling  air  and  destroying  the  oxygen 
of  the  remaining  part  by  sodium  eiulphite  (M 'Calls  process).  It  is  not 
necessary  to  raise  the  heat  so  high  in  this  ease,  but  the  meat  is  less  sapid, 
Mea.t  prepared  in  either  way  has,  it  is  said^  given  rise  to  diarrhcea,  but  this 
is  simply  from  bad  preparation :  when  well  manufactured  it  has  not  this 
effect. 

Meat  is  also  preserved  by  dniwing  off  the  air  from  the  case,  and  ^substituting 
nitrogen  and  a  little  sulphur  dioxide.  (Jones  and  Trevitliick's  patent)^  or  the 
air  can  he  heated  to  4U0''  or  500",  so  aa  to  kill  all  germs  (Pasteur),  and  then 
allowed  to  flow  into  an  exhausted  flask. 

Various  other  plans  have  been  proposed,  such  as  the  use  of  antiseptics, 
borax,  boric  acid,  salicylic  acid,  glycerin,  &c.,  and  various  prc[»aratiims  such  as 
glacialin,  boro-glyceride,  and  the  like,  consisting  of  mixtures  of  two  or  more. 
Of  the  prejmrations,  boric  acid  and  glycerin  appear  to  be  the  least  hurtful ; 
but  food  to  whicli  these  sulxsUmces  have  been  added  is  hable  to  cause  gastric 
derangement,  and  they  are  not  to  be  recommended* 

SECTIOl^  11.  M 

FISH.  I 

Of  the  great  nutritive  value  of  fish  as  an  article  of  diet,  there  can  be  no 
doubt,  The  varieties  which  are  used  as  food  are  almost  infinite,  and  whole 
populations  appear  to  exist  on  it  It  is  less  satisfying  and  not  bo  stimulating 
as  the  flesh  of  animals,  but  is  easily  digested*  Its  use  is  greatest  in  those 
places  where  it  is  readily  caught,  and  recommends  itself  on  account  of  its 
abundance  and  cheapness*  Lately  it  has  been  said  that  fish  diet  predisj:>ose8 
to  diseases  of  the  skin,  especially  leprosy  ;  but  the  evidence  on  this  point  is 
not  by  any  me^ms  conclusive :  indirectly  this  connection,  or  alleged  predis- 
position^ may  be  associated  with  the  poverty  prevalent  in  those  coim trie's 
where  the  poorer  classes  are  obliged  ti>  subsist  altogether  on  tliis  class  of 
food,  and  where  meat  is  never  pirtaken  of,  and  indicates  that  fish  should 
not  alone  be  the  source  from  which  nitrogenous  food  is  taken. 

Fish  contains  a  large  proportion  of  phosphorus,  whieli  makes  it  a  suitable 
diet  for  those  who  have  to  perform  ranch  bi'ain  work ;  and  for  this  class, 
who  are  mostly  of  sedentary  habits,  it  has  the  further  advantage  of  being 
easily  digestible  as  well. 

The  flavour  and  digestibihty  of  fish  depend  on  the  amount  of  fat  it  con- 
tains, which  varies  in  different  species,  the  white  fish,  as  sole  and  whiting, 
containing  a  small  proportion,  whereas  the  sahnon  and  eel  have  a  large 
amount.     As  a  rule,  white  fish  have  least  oik 


1  Bo&Iav,  CompUi  JUndus^Tcv,  p,  147* 

*  See  The  OrmU  Qui4k*    Dwcriptioa  of  ft-eering  machines  by  Andrew  Brown. 
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The  following  table  gives  the  composition  per  cent,  of  some  of  the  most 
important  kinds : — 


Water. 

Protelds. 

Fat. 

Salmon  (Pavy),     . 
Herring,        .... 
Sole,     ..... 
Mackerel,      .... 
Eel  (Letheby),       . 
White  fish  (Pavy), 

77  00 
80-71 
86-14 
68-70 
75-00 
78-00 

16-10 
1011 
11-94 
23-50 
9-90 
18  10 

5-50 
7-11 
0-25 
6-76 
18-80 
2*90 

Fish  are  preserved  for  use  by  smoking,  drying,  salting,  and  by  the  use  of 
oil.  When  salted,  they  should  be  soaked  in  water  before  use,  as  this  will 
render  them  more  palatable.  Cod-fish  is  not  easy  of  digestion ;  it  is  often 
hard  and  tough ;  when  in  season,  curdy  matter  is  found  between  the  flakes 
after  boiling.  The  roe  of  fish  is  highly  esteemed ;  the  hard  roe  is  the  ovary 
of  the  female  fish,  the  soft  roe  or  milt  is  the  spermatic  organ  of  the  male. 
Caviare  is  the  salted  hard  roe  of  the  sturgeon  :  fresh  caviare  is  considered 
a  great  delicacy. 

Under  the  Jewish  law,  cod,  eel,  and  shell-fish  were  prohibited.  Cod-fish 
is  very  liable  to  be  infested  with  parasites,  no  less  than  ten  species  being 
found  in  it  It  is  necessary,  therefore,  before  eating  this  fish,  that  it  should 
be  thoroughly  cooked;  boiling  or  baking  will  effectually  kill  any  known 
parasite. 

The  flesh  of  apparently  healthy  fish  may  produce  poisonous  symptoms. 
This  is  the  case  with  certain  kinds  of  fish,  especially  in  the  tropical  seas. 
There  is  no  evidence  that  the  animal  is  diseased,  and  the  flesh  is  not  decom- 
posed :  it  produces,  however,  violent  symptoms  of  two  kinds — gastro-intes- 
tinal  irritation  and  severe  ataxic  nervous  symptoms,  with  great  depression 
and  algidity. 

The  little  herring  (Clupea  harengo  minor\  the  silver  fish  (Zeus gallus),  the 
pilchard,  the  white  flat-fish,  and  others,  have  been  known  to  have  these 
eflTects.^  Mackerel  has  been  known  to  produce  poisonous  symptoms,  ^  pro- 
bably owing  to  the  fish  undergoing  rapid  decomposition.  When  the  fish  is 
cooked  immediately  after  being  caught,  it  does  not  appear  to  produce  any 
bad  effects.  If  possible  some  means  should  be  adopted  to  retain  fish  alive 
until  they  are  required  for  the  table :  and  they  should  be  eaten  the  earliest 
moment  after  capture. 

Oysters  and  shell-fish  (even  when  in  season)  have  been  known  to  produce 
poisonous  symptoms.  The  production  of  nettle  rash  in  some  persons  from 
eating  shell-fish  need  scarcely  be  mentioned.  When  decomposing,  they 
produce  more  marked  symptoms  of  the  same  kind. 

Mussels,  and  especially  those  taken  from  stagnant  water  to  which  sewage 
gains  access,  have  been  found  to  possess  at  times  very  poisonous  properties. 

An  instance  of  poisoning  from  eating  mussels  has  lately  been  recorded.^ 

1  A  list  of  more  than  forty  fishes,  which  are  occasionally  poisonous,  is  given  by  Pappenheim. 
— ifaiki.  der  SanitiUs-Pol,  Band,  i,  p.  895. 

>  Several  cases  of  mackerel  poisoning  are  related  in  the  British  Med.  Journal^  December 
1887 ;  also  some  cases  of  acute  poisoning  amonp^  Malays,  after  eating  a  curry  made  of  the 
Tetraodon,  or  globe-fish  (Nov.  18o7).  Dr  Francis  Day  refers  to  the  poisonous  properties  of 
several  kinds  of  fish,  especially  members  of  the  mackerel  family.  See  The  Field,  March  17, 
1888,  and  B.M.J,  y  August  4.  1888. 

«  B.M,J.,  September  16,  1888. 
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A  shipwi'ight,  aged  fifty,  while  looking  for  work  at  the  docks  at  liyerpool, 
found  a  quantity  of  mussels  adliering  to  the  bottom  of  a  float,  and  ate  three 
or  four  f|uartfi  of  them,  some  boiled  and  some  raw.  In  a  few  houns  he  was 
seized  with  vomiting  and  violent  abdominal  pains.  Being  conveyed  to  the 
hospital,  he  was  found  to  bo  qidte  unconscious,  and  with  all  the  muscles 
paralysed,  including  those  of  respiration.  Artificial  respiration  was  carried 
on  for  nine  hours^  and  though  his  pulse  kept  good  for  six  or  seven  hours, 
there  vn\s  not  the  least  attempt  at  automatic  respiration,  and  it  gradually 
failed,  death  taking  place  at  the  end  of  the  time. 

Sir  C.  Cameron  ^  has  quite  recently  reported  several  cases  which  occurred 
near  Dublim  The  symptoms  were  vomitings  dy^spncea,  swelling  of  the  face, 
want  of  ccKiKlination  in  movement,  and  spaems,  and  these  supervened  in 
about  twenty  minuter  after  the  ingestion  of  stewed  mussels.  Out  of  seven 
persons  only  two  recovered,  and  these  had  eaten  but  few  of  the  mussels.  The 
poison  is  supposed  to  have  been  duo  to  a  ptomaine,  probably  identical  or  anaJo 
gous  with  the  *' niytilotoxin^'  of  Brieger.  Dr  E,  J,  M*Weeney  also  found 
several  Idnda  of  Bacteria  to  be  present  in  the  liver  of  the  mussels.^ 


SECTION  m. 


\A^EAT. 

Advania^€8  as  an  Article  of  Diet. — It  is  poor  in  water  and  ricli  in  solids, 
therefore  very  nutritious  in  small  bulk  ;  when  the  two  outer  coata  are 
eepamted,  the  whole  grain  is  digestible.  The  nitrogenoua  substances 
are  large  and  varied,  consisting  of  soluble  albumin  (1  to  2  per  cent.)  and 
glutiii  (8  to  12  i>er  cent.),  which  itself  consists  of  four  substances,  named 
by  Ritthausen,  glutin-casein,  gliadin  (or  vegetable  gelatin),  glutin-fibrin, 
and  mucedin.  The  starchy  substanc4?s  (starch,  dextrin,  sugar)  are  large, 
60  to  70  tier  cent,  and  are  easily  digested  ;  and,  according  to  M^ge-Mouri^s, 
a  nitrogenous  substance  (cerealin)  is  contained  in  the  iuternal  envelope, 
which,  like  diasUise,  acta  energetically  in  transforming  starch  into  dextrin, 
sugar,  and  lactic  acid.  Borne  consider  this  cerealin  to  he  merely  a  form  of 
diawiaae*  Cholesterin  is  found  in  wheats  but  in  very  small  quantity  (RitU 
hansen).     The  salts  are  chiefly  phosphates  of  potash  and  magnesia. 

Disadvantages. — It  is  deficient  in  fat^  and  in  vegetable  salts  which  may 
form  carbonates  in  tlie  system* 

Ajs  usually  prepared,  the  grain  is  separated  into  flour  and  bran  ;  the  mean 
being  80  parts  of  flour,  16  of  bran,  and  4  of  loss.  The  flour  is  itself  divided 
into  best  or  super&ie,  seconds  or  middlings,  pollards  or  thirds  or  bran  floiu*. 
In  different  districts  diflerent  names  are  used.  The  wheats  of  commerce  are 
named  from  colour  or  consistence  (hard  or  soft,  white  or  red);  the  hard 
wheat  contains  less  water,  less  starcl^  and  more  glutin  than  the  soft  wheat 

Sdb-Section  I. — Wheat  Grains. 

The  medical  officer  will  seldom  be  called  on  to  examine  wheat  grainfli  but 
if  BO,  the  following  points  should  be  attended  to.  The  grains  should  be  well 
flUed  out,  of  not  too  dark  a  colour ;  the  furrow  should  not  be  too  deep ; 
there  should  be  no  smell,  no  discoloration,  and  no  evidence  of  insects  oi fiiTigi^ 
The   heavier  the  weight  the  better.     In  the  Belgian  army  the  minimum 

1  B,MJ.,  July  19,  1890. 

3  B.MJ.,  SeptemW  12, 1890. 
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weight  IB  77  kilogrammes  the  hectolitre. ^  In  England ^  good  wheat  weighs 
60  fi>  to  the  hiishel  ;  light  whe^t  58  Il>  or  even  50  Bb,  Fungi^  if  present,  will 
lie  found  at  tho  roota  of  the  hairs,  and  if  in  small  amount  are  only  niiero- 
ecopic.  If  ill  large  amount  they  cause  the  diseases  knowTi  by  the  name  of 
nist,  bimt  or  emtit,  or  dust  brand  ;  these  are  owing  to  species  of  Uredo  and 
rucciyiia.  II  any  grains  are  seen  pierced  with  a  hole,  and  on  examination 
are  found  to  be  a  mere  shell,  with  all  the  starch  gone,  tliis  is  owing  to  the 
Weevil,  and  the  little  insect  can  itself  be  found  readily  enough  if  a  handful 
of  wheat  he  taken  and  spread  over  a  large  plate.  The  weevil  can  hardly 
escape  being  seen.  Acmnts  faHnm  may  also  prey  on  the  wheat  grain,  but 
cannot  be  seen  without  a  microscope. 


H  q^ 
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Almost  all  the  bran  is  separated  from  the  finest  flour ;  it  has  been  a 
question  whether  this  is  desirabie,  as  the  bnin  contains  nitrogenous  matter 
much  sometimes  as  15  per  cent.,  with  3*5  per  cent,  of  fat,  and  5*7  per 
cent,  of  salts.  But  if  the  bran  is  used,  it  seems  probable  that  much  is  left 
undigested,  and  all  the  nutriment  which  is  contained  in  it  is  not  extracted, 
A  plan  has  been  employed  by  M^ge-Mouries,  which  seems  to  save  all  the 
most  valuable  part^  of  the  bran ;  tlie  two  or  three  outer  and  more  or  less 
siliceous  envelopes  of  the  wlieat  are  detached,  and  the  fourth  or  internal 
envelojie  is  left.  Sevenil  plans  of  decorticating  wheat  have  been  proposed, 
but  none  of  them  at  present  have  superseded  the  old  system  of  grinding. 

If  the  whole  wheat  is  used,  it  should  be  ground  verj-  fine,  as  the  harder 
envelopes  are  irritating,  and  it  is  well  to  remember  tliat  for  sick  persons 
with  any  bowel  complaints  bread  must  be  used  entirely  without  bran. 
Dysenteries  have  been  found  most  intractable^  merely  from  attention  not 
being  direct^id  to  this  simple  point.  It  is  all  the  more  necessary  to  insist 
upon  this,  as  whole-meal  bread  has  been  much  recommended  and  used  of 
late.  At  the  same  time  tliere  is  no  doubt  that  whole-meal  bread,  well  made, 
is  more  nutritious  than  the  fine  white  bread  now  so  generally  used.  The 
principal  constituents  lost  with  the  bran  are  fat  and  salts,  the  analysis  of 
whole  meal  showing  a  marked  excess  of  these  over  best  sifted  flour.  There 
ifl  also  a  certain  loss  of  nitrogenoua  matter,  some  of  which  is  believed  to  aid 
digestion.  But  for  the  irritating  qualities  of  the  outer  envelopes  (which 
have,  however,  been  much  diminished  by  modern  processes),  whole-meal 
bread  would  be  a  more  valuable  nutrient.- 


Microscopical  Examination, 

This  is  especially  directed  to  determine  the  relative  amount  of  flour  and 
bran,  the  presence  of  fungi  or  amT%  or  the  fact  of  adulteration  by  other 
grains. 

In  examining  wheat,  or  any  other  cereal  grains,  it  is  necessary  to  prepare 
them  beforehand  by  soaking  for  some  time  in  water,  It  will  then  be  found 
e4isy  to  demonstrate  the  different  structures.  By  means  of  a  needle  and  a 
pair  of  iine  forceps  the  different  coats  can  bo  removed  seriatim^  sometimes 
quite  separately,  but  generally  more  or  less  in  combination.  The  only  one 
that  presents  any  difficulty  is  the  third  coat  of  wheat  or  barley,  but  generally 
it  can  be  found  accompanying  the  second  or  fourth  coats.  In  the  case  of 
barley,  the  proper  external  envelope  of  the  grain  sometimes  adheres  to  the 


I  SquiUier, 
a  For  ' 


[mar,  I>e9  8ubti»U  MU,,  p.  87. 
tli«  Chemioai  Seamnatu/ti  of 
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mterioT  of  the  husk,  where  it  ought  to  be  looked  for  in  the  event  of  its  not 
bc4ng  on  the  surface  of  the  griim  iteeif.  After  examining  the  separate  coata^ 
sections  may  be  made  of  the  whole  grain,  so  as  to  see  the  structures  in  fdiu. 
The  hairs  are  generally  found  in  a  bunth  at  the  end  of  the  grain.  The 
starch  grains  are  best  demonstrated  by  picking  out  a  h"ttle  from  the  centre 
of  the  grain ;  water  mixed  with  a  little  glycerin  forms  tho  beat  medium  for 
demonstration. 

Structure  of  the  Wheat  Grain^ — ^There  are  four  envelopes  (some  authors 


Fig.  48,  —Transverse  Section  of  Envelopes  of  Wheat.    Scale  1000th  of  an  inch, 

make  five  or  six — the  outer  coat  being  divided  into  two  or  three)  surround- 
ing a  fine  and  very  loose  areolar  tissue  of  cellulose  filled  with  starch  grainB. 


Pig.  44*— Envelopoa  of  Wheat  (longitudiiial  section).    Scale  lOOOth  of  an  Inch. 

Envtlopei  of  Wheat. — The  drawings  show  the  coats  in  stiu,  cut  transversely 
and  longitudinally,  also  the  separate  coats.     The  outer  coat  is  made  up  of 


Fig.  i&.— Outer  CoAt  and  Hairs  of  Wheat    Scale  lOOth  of  an  inch. 

two  or  three  layers  of  long  cells,  with  slightly  beaded  walls,  rmining  in  the 
direction  of  tlie  axis  of  the  grain*     The  aepta  are  straight  or  oblique,  and,  aa 
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will  be  seen,  the  cells  differ  in  length  and  breadth.  The  size  can  be  taken 
by  the  scale.  The  hairs  are  attached  to  this  coat,  and  are  prolongations,  in 
f^t,  of  the  cells.  In  the  finest  flour  the  hairs  and  bits  of  this  coat  (as  well 
as  of  the  other  coats)  can  be  found. 

The  second  coat,  counting  from  without,  is  composed  of  a  layer  of  shorter 


Fig.  46.~Oater  Coat  and  Hairs  of  Wheat    Scale  1000th  of  an  inch. 

cells,  more  regular  in  size,  with  slightly  rounded  ends  and  beaded  walls,  and 
lying  at  right  angles  to  the  first  coat,  or  across  the  axis  of  the  grain.  It  is 
impossible  to  mistake  it.     The  third  coat  is  a  delicate  diaphanous,  almost 


Fig.  47. —Second  and  Third  Envelopes  of  Wheat.    Scale  1000th  of  an  inch. 

hyaline  membrane,  so  fine  that  its  existence  was  formerly  doubted.  Dr 
Maddox,  however,  has  distinctly  shown  it  to  have  faint  lines  crossing  each 
other  diagonally  as  seen  in  the  drawing,  which  may  be  cells.  With  a  little 
care,  it  is  very  easily  demonstrated.     In  the  transverse  section  of  the 
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envelope  it  appears  as  a  thiii  white  line.  Internal,  again,  to  tkis  coat  wbat 
appears  to  be  imother  coat  can  sometimes  be  made  out ;  it  is  a  very  fine 
membrajie,  marked  with  widely  separated  curved  lines,  which  look  like  the 
outlines  f)f  large  round  or  oviil  cells.  The  internal  or  fourth  coat,  tis  it  is 
usually  called,  is  composed  of  one  or  two  layers  (in  places)  of  rounded  or 
squarish  cells  filled  with  a  da|>k  substance  which  can  be  emptied  from  the 
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Rg.  4S.— lymrth  Envelop*  of  Wheat 
Scftle  lOOOtb  ot  an  mclL 


Fig.  49.^Fmih  Biareh  Grains  of  Wheat  (moistenedl. 
x360. 


cells.  When  the  cells  are  empty,  they  have  a  remote  resemblance  to  the 
areolar  tissue  of  the  Icgumiiiosae,  and  there  is  little  doubt  that  from  this 
cause  adulteration  with  pea  or  bean  has  l>een  sometimes  improperly 
asserted. 

The  ^areh  grains  of  wheat  are  very  vaiiable  in  size,  the  smallest  being 
iilmost  mere  points,  the  largest  nAn^tii  of  an  inch  iu  diameter  or  larger. 


Fig.  50.— Dried  and  then  moistened  Starch  Graliui  of  Whmt.    Scale  1000th  of  im  indi. 

In  shape  the  smallest  are  round,  the  largest  round,  oval,  or  lenticular.  It 
has  been  well  noticed  by  Hassall  that  there  is  often  a  singular  want  of 
intermediate-sized  grains.  The  hilum,  when  it  can  be  seen,  is  central,  the 
concentric  lines  are  perceived  with  diiliculty,  and  only  in  a  small  number ; 
the  edge  of  the  grain  is  sometimes  turned  over  so  as  to  cause  the  iippearanco 
of  a  slight  furrow  or  line  along  the  grain.  Very  weak  liquor  potasasB 
causes  Uttle  swellings ;  strong  Uquor  potasssB  bulges  them  out,  and  even- 
tually destroys  them*      There  is  no  difficulty  in  seeing  if  the  pieces  of 
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envelope  are  too  nimierous,  but   it   should   be  remembered  the  best  flour 
contaim  some. 

BiseOMS  of  Flour. 
i^ttn^i.— Several  fungi  are  found  in  wheat  fiour*     The  moat  common 


Fig.  6L — Diseased  Flour  [Pwxinia). 


fungus  is  a  species  of  Puccinia,     It  is  easily  recognised  by  its  round  dark 
sporangia,  which  arc  either  contoured  with  a  double  line,  or  are  coveretl 


Fig.  h2,^Aearu8  fmrina  ^x85  diameters). — Mites  found  in  flour  iilive.  In  the  Urgef^t 
figures  the  insects  are  conaiderablv  compressed,  to  .show  the  powerful  niaixlihles,  anii  TiAvif 
each  a  ventral  aspect.  In  the  smallest  and  middle-alBed  insect  we  have  rlrnwn  the  dorsal 
aspect ;  the  former  only  posscssea  six  legs,  as  befote  the  first  moult ;  several  ova  lie  8i!alLerutl 
in  the  field  of  view.  It  u  unknown  what  office  the  capsular  organs  fulfil,  lli«y  are  well  seen 
on  each  side  of  the  largest  U^ure, 

with  little  projections.     It  is  said  not  to  be  injurious  by  some^  but  this  is 
very  doubtful,     The  symptoms  have  not  been  well  described. 
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The  smutj  or  caries,  is  also  a  species  of  Fuccinia  ;  has  large  sporulca,  and 
give«8  a  disagreeable  smell  to  the  flour  and  a  bluish  colour  to  the  bread.  It 
is  said  to  produce  diarrhcea, 

Acarus, — Acara^  fannm  is  by  no  means  uncommon  in  inferior  flour,  espe- 
cially if  it  is  damp,  It  does  not  necessarily  indicate  that  leguminous  seeds 
are  present,  as  stated.  It  is  no  doubt  introduced  from  the  grain  in  the  mill, 
as  it  has  been  found  adhering  to  the  gi-ain  itself.  It  is  at  once  recognised* 
Portions  of  the  skin  are  also  sometimes  found. 

Vilrriones. — Thtiso  fonii  for  the  most  part  in  flour  wbich  has  gone  to 
extreme  decompositioUj  and  is  moist  and  becoming  discoloured.  They 
cannot  be  mistaken. 

The  presence  of  Acari  always  shows  that  the  flour  is  beginning  to  change. 


'^^ 


Fi^.  53. 
Weevil,    rfatuml  sisse. 


Fig.  54.— WeenL    Magniaed  12  dianietertk 

A  single  aearm  may  occasionally  be  found  in  gootl  flour,  but  even  on© 
sliould  be  looked  on  with  suspicion,  and  tlie  flour  should  be  afterwards  fre- 
quently exanuned  to  see  if  they  are  increasing* 

Weevil  {Calafidra  f/rajtana), — The  weevil  is  of  course  at  once  detected. 
It  is  V)y  no  means  so  common  in  flour  as  in  corn. 

Mphe&iia. — The  larva  of  the  moth  whit'h  fee<ls  on  cocoa  {Ephtstia  elutella) 
has  sometimes  caused  great  ravages  in  flour  and  in  biscuits.  At  Cork  and 
Gibraltar  many  tons  of  biscuit  have  been  rendered  useless  by  this  larva, 
which  appara  to  have  been  introduced  from  the  cocoa  sttjred  for  the  fleet  ^ 

Adulterations  of  Wheat-Flour, 
At  present  there  is  very  little  adulteration  of  wheat  flour  in  this  country, 

I  Profe5sor  Huxley  bos  kindly  given  these  intcirestiiij?  detalla,  Tlie  Iotyol  of  EpheMia 
dutclia  (or  **  chocolate  moth  ")  is  aiiiaI],  and  is  never  moTtt  tbaii  half  an  incli  long.  TLe  fem&le 
moths  rty  at  ni^ht  in  swarms,  and  lay  their  e^s  on  the  biscuits  or  the  puncheomt  whicih  hold 
them.  The  larv8&  are  sood  hatched,  and  by  ruejinri  of  strong  jaws  and  active  Icgn  icntpe  and 
borv  thdr  way  through  crevices  ;  they  eat  the  bi&citit,  and  si>oU  more  than  they  eat  by 
hjiiuuing  their  weh&  over  this  biiictdt.  '  Cocoa  stores  swanu  witn  the  moths  and  larviv,  and 
tfiey  even  jwuetrat^d  into  lUAQy  ports  of  H.M.S.  "  Hercules." 

Aft«r  eimmining  into  the  rftvagn  caiuMsd  by  thijse  larvaa  in  the  biscuit  at  Gibraltar,  Mr 
Huidey  m»de  tlie  following  suggostiotu  : — 

1.  To  have  no  cocoa  storiid  in  imy  place  ia  which  biscuita  are  mannractured. 

2.  To  head  ut»  all  bii^ctiit  ]>uacbeon«  aa  soon  as  they  are  full  of  th«  freshly  bakod  biscuil 

3.  Coat  puucheoiiN  with  tar  aftor  they  are  headod  tip,  or  at  least  work  Ume-waAh  w«ll  into 
all  thf  joint*  an<l  treviceft. 

4.  Lina  the  bri^d-rooms  of  ships  with  tin,  so  that  if  the  Mphestia  has  got  into  the  punoheoti 
it  mav  not  get  into  the  r«st  of  the  ship. 

&.  If  otlMT  meana  fail,  expose  woodwork  of  puncheons  to  a  heat  of  200"  Fahr.  for  two 
hoars, 
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but  with  riamg  prices  tiie  case  might  be  different.  Abroad,  adultoration  is 
probably  more  common,  and  the  medical  ofHcer  must  be  prepared  to  investi- 
gate the  point. 

The  chief  adulterations  are  by  the  flour  of  other  grains,  vix, : — 

Barlej} 

Potato, 

Beana  and  peaa, 

Maize, 

Oat, 

and  other  grains  noticed  farther  on.  All  theae  are  easily  recogmsed  by  the 
microscope. 

Other  adulterations  are  by  mineral  substances,  yu, : — 


AIUTO, 

Gypusam, 
Clay, 


These  are  beat  detected  by  chemical  examination. 

Detection  of  barley, — This  ia  not  easy,  but  can,  with  care,  be  often  done, 
T/ie  envelopei  nf  barley  are  the  same  in  number  as  those  of  wheat,  but  they 
ai'e  mora  dehcate.     The  outer  coat  has  three  layers  of  cells ;  the  walla  of  the 


Rice, 

^ 

Buckwheat, 

Millet, 

in  some 

Linaced, 

countries, 

Melampyrmsi, 

Loliuuj, 

Powdered  flint, 
Calcium  and  magnesium 
carbonate. 


Fig.  66.— Husk  of  Barley,     x  100. 


;  the  cells  are  smaller 
coat,  disposed  at  right 


¥ 


.  layer  are  beautifully  waved,  but  not  beaded 
than  those  of  the  outer  coat  of  wheat.     Tlie  second 

angles  to  the  first,  as  in  wheat,  is  like  tlie  second  coat  of  wheat,  except  in 
being  mure  delicate  and  not  beagled.  The  third  is  hyaline  and  transparent, 
with  faint  cross-lines,  as  in  wheat.  The  fourth  lias  the  cells  similar  in  shape 
to  the  ccarresponding  wheat  coat,  but  they  are  very  much  smaller,  as  may  b« 
seen  on  reference  to  the  scale,  and  there  are  two  or  often  three  layers, 

Tlie  ntarxh  ffraim  of  barley  are  very  like  tlie  wheat,  with  a  central  hilun\ 

T 
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and  obacure  marking,  but  are  on  the  whole  smaller ;  some  have  thickened 
edges,  instead  of  the  thin  edges  of  the  wheat  starch  grains,  bnt  it  ia  very 
difficult  and  sometimes  impossible  to  distijigoish  them.  It  is  therefore 
specially  to  the  envelopes  that  we  must  attend, 

Deitdion  of  Potato  StarcL— This  is  a  matter  of  no  difficulty ;  the  starch 
gndns,  instead  of  being  roimd  or  oval,  and  with  a  central  hilum  and  obscure 
rings,  are  pjrifonn,  with  an  eccentric  hilum  placed  at  the  smaller  end,  and 
with  well-marked  concentric  lings.  Weak  liquor  pcjtasste  ( 1  part  of  liq.  p^tassaB 
to  10  of  water)  swells  them  out  greatly  after  a  time,  while  wheat  starch  is 
little  atfccted  by  this  strength ;  if  the  strength  is  1  to  S  {as  in  fig.  62),  the 
swelling  is  very  rapid. 

Pftectmi,  of  Maize  {Indian  Corw).— ^There  are  two  envelopes  j  the  outer 


Fig.  56. 
Oater  CoAt  ind  nmrs  of  Borkj  (low  power). 


Fig.  57. 
Outer  Coat  of  Barley  (higher  power). 


being  made  np  of  seven  or  eight  strata  of  cells ;  there  la  no  transverse  second 
coat  as  in  wheat ;  the  internal  coat  consists  of  a  single  atratimi  of  cells  like 
the  fourth  of  wlieat,  but  less  regular  in  shape  and  size.  The  cellulose^ 
through  the  seed  holding  the  starch  in  its  meshe^  forms  a  very  character- 
istic structure,  wliieh  on  section  looks  like  a  pavement  made  of  triangular, 
square,  or  polygonal  pieces ;  the  celk  are  filled  with  the  starch  grains,  which 
are  very  small,  and  compressed,  so  m  to  have  facets.  They  are  very 
different  from  the  smooth,  uncompressed  round  cells  of  wheat 

Bits  of  cellulose,  with  its  peculiar  angular  markings,  are  always  found  if 
the  wheat  is  adulterated  with  maize. 

Detection  cf  Bean  and  Pea. — These  adulterations  are  also  at  onc^  diB- 
covored ;  the  meshes  of  cellulose  are  very  much  larger  than  those  of  the 
fourth  coat  of  wheat,  with  which  it  has  sometimes  been  confounded,  and  the 
starch  grains  are  also  quite  different ;  they  are  oval  or  reniform,  or  ^vith  one 
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end  slightl  J  larger ;  they  have  no  clear  hilum  or  rings,  but  many  have  a  deep 
central  longitudinal  cleft  running  in  the  longer  axis,  and  occupying  two- 
thirds  or  tliJee-fourths  of  the  length,  but  never  reaching  completely  to  the 


Fig.  58. — Barley  (second  and  third  coats). 

end ;  this  cleft  is  sometimes  a  line,  sometimes  almost  a  chasm,  and  occasion- 
ally secondary  clefts  abut  upon  it  at  parts  of  its  course ;  sometimes,  instead 
of  a  cleft,  there  is  an  irregular-shaped  depression.     If  a  little  liquor  potass» 


>■  I  t  t  t   I 


Fig.  69.— Barley  (fourth  coat). 


Fig.  60.— Barley  (Starch  Grains). 


be  added,  the  cellulose  is  seen  more  clearly.  Pea-flour  is  never  added  to  a 
greater  extent  than  4  per  cent.,  as  it  makes  the  bread  heavy  and  dark.  If 
the  flour  be  mixed  with  a  little  boiling  water,  the  smell  of  the  pea  or  bean 
is  perceptible. 

Detection  of  Oat, — ^There  are  two  or  three  envelopes ;  the  outer  longitudinal 
cells ;  the  second  obliquely  transverse,  and  not  very  clearly  seen ;  the  cells  are 
wanting  in  r^rts,  or  pass  into  the  cells  of  the  third  coat ;  the  third  a  layer, 
usually  single,  of  cells  like  the  fourth  coat  of  wheat.  The  husk  must  be 
detached  before  the  envelopes  are  looked  for,  for  lining  it  is  a  layer  of  wavy 
cells,  like  the  external  envelope  of  barley,  which  might  mislead.  The  starch- 
cells  are  small,  many-sided,  and  cohere  into  composite  round  bodies,  which 
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are  very  characteristic,  and  which   cab  be  broken  down  into  the  separate 
grains  by  preasure.     A  high  power  is  the  beat  for  this,     The  oat  starch  does 


Fig.  62.— Medium   smd  small-eized   PotAta 
Starch    Grains*    tTuatwd  witli  Liq,  Pot. 


Pig.  6L— Potato  Stjireb,     x  285. 
See  &1bo  Plate  of  Starclies, 

(streDgth  1  to  3),  and  X  285. 

not  polarise  light.     Tliere  is  no  difficulty  in  the  detection  of  the  starch 
grains* 

Detection  of  Bice, — ^The  husk  of  rice  is  very  peenliar ;  on  the  outer  eoat 
are  numerous  siliceous  granules,  arranged  in  longitudinal  and  transverse 

©  CD 


Fi^  63^ — Indum-Com  Flour,    See  alao 
Plate*  of  SUrchea, 


Fig.  64.--CcMula!!c  of  Indian  Com  x  500,  with 
markiu^  from  the  Starch  Grains  on  th« 
intercellular  mQtnbrane. 


ridges  (figs.  70  and  71)  (a).  There  are  numerous  haira,  some  of  which  are 
seated  over  stoma ta.  Below  this  is  a  membrane  of  transverse  and  longitu- 
dinal rough-edged  Ebrea  (6,<"),  while  below  these  again  is  a  fine  membrane  of 
tmnsverse  angular  cells  {dj,  covering  a  very  delicate  membrane  of  laige  oella.. 
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The  starch  corpuBcles  are  very  small  (fig*  69) ;  angular  under  low  powers  ; 
imder  high  powers  they  are  seen  to  bo  facetted  and  compressed.  They  cAn- 
not  be  niistakea  for  the  ronnd  cells  of  wheat,  but  may  be  confounded  with 


Fig.  65.  — LongitudioAl  Section  of  CoAta  of  Induui  Com  and  GelluIo#e.     k  190. 

oat  starchy  from  which,  however,  they  are  difitingaished  by  the  absence  of  the 
compound  cells  or  glomeruli  Their  shape  is  also  a  little  like  maize,  but 
they  are  very  much  smaller. 

detection  of  Rye. — ^The  envelopes  are  veiy  like  those  of  wheats  and  can 


Fig.  6d.-»BMii  Starch. 

l>erhaps  hardly  be  distinguished  from  them.  The  recent  starch  graina  are 
also  like  those  of  wheat,  but  they  are  much  more  distinctly  spherical.  They 
have  also  eometimea  a  peculiar  rayed  hilum,  which  used  to  be  thought 
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peculiar  to  ihe  older  and  drier  grains.  It  is,  however,  to  be  seen  even  in 
the  starch  of  fresh  soft  grains,  whilst  the  plant  is  still  green.  In  the  starch, 
of  wheat  it  is  only  met  with  occasionally,  when  the  grain  is  very  old  or  dry. 


Fig.  67.— Pea  Flour. 

Rye,  if  in  any  quantity,  is  discovered  by  baking ;  it  makes  a  dark,  acid 
bread. 

Linseed la  not  a  common  adulterant.  The  envelopes  are  peculiar:  the 
external  is  made  up  of  hexagonal  cells  containing  oil ;  the  second  of  round 


Fig.  68.— White  Oat  (long,  sect.,  2nd  and  3rd  coats  not  separable),    a,  Compound 
grains  x  100.    6,  One  do.  x  600. 

cells ;  the  third  of  fibres ;  and  the  fourth  of  angular  cells  containing  a  dark 
reddish  colouring  matter. 

Buckwheat   {Polygonum  Fagopyrum,  or  Fagopyrum  esculenium). — Like 
rye,  this  is  only  likely  to  be  found  in  wheat  coming  from  the  Baltic     The 
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drawing  sufficiently  shows  the  texture  of  the  envelopes,  which  is  very  com- 
plicated.    The  starch  gi'ains  are  email  and  round,  and  adhere  together  in 


^ 


-^,rl^ 


^ 


^"^^  B^ 


u^ 


033    5 


I 


Fig.  69.— Ground  Kice  Flour*     x360. 


masses.     Under  a   high  power  there  are  indications  of   concentric    rings 
Uread  made  with  this  grain  has  a  darkish,  somewhat  violet,  colour. 


XI88. 


Fig.  70,— Rioe.     x  170.  Fig.  71,— Rice* 

Pig.  70.— Tranevense  Mictioii  of  the  Huflk  of  Rloe. 

Fig.  71.— Appearance  of  Husk  u  aeen  in  atnuuparent  mediufn  • 
a,  Smooous  gnmulea,  arranged  in  longitudinal  and  tranjtverse  r 
— stomata,  ftODie  having  hairs  seatea  orer  them,    i,  c,  Tranfivxi.  ......  ..   _ 

FOUghHidgcd  fibr«6.    d,  A  tine  nifitubrane  of  tnmwerae  aogular  cijIIn  ;  ihe«^  ovcrUe  a  very 
delicate  iiu;mbrani2  of  krge  c«lk  r. 


md  gniQ. 

rated  by  opoiungt 
agitndinjd^  Drittle^ 
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Millet — In  India,  Egypt^  China,  and  West  Coast  of  Africa,  iiiillot  of  some 
kind  u  likely  to  he.  an  adulteration.  Dr  Maddox's  drawing  (page  298}  shows 
the  beautiful  fitnicture  of  the  envelopes,  which 
could  not  be  confounded  with  those  of  wheat. 
The  starch  grains  are  very  small,  round,  and 
tolerably  unilonn  in  size. 

Mdampynim  arvense  and  other  species  (Purple 
cow-wheat — Scrophulariacem). — Tliis  has  occa- 
sionally been  mixed  with  flour ;  it  is  not  injurious, 
but  gives  the  bread  {not  the  flour)  a  peculiar 
smoky  violet  or  bluish- violet  tint.  This  depends 
on  a  colom-ing  matter  in  the  seed^  which,  when 
wjirmed  with  acid,  gives  the  violet  colour.* 

TrifoUum  arvense  (Trefoil — Le^uminoscB),- — 
This  alstj  gives  the  bread  a  red-violet  colour.  It 
is  not  known  ti3  l>e  injurious. 

Mhinantkus  mqfor  and  crista  ffMi  (Yellow- 
i^ttle — Scrophidanac^m)  gives  bread  a  bluish-black  colour,  a  moist  sticky 
feel,  and  a  disagreeable  sweet  taste.  It  is  not  injurious.  Oiiobrychu  tsativa 
(Sainfoin — Leffuminoem)  haa  also  been  used. 


Pig,  72. — Rye  StarolitWith  rflved 
hQmn  (aft«r Has.saU);J     x 420. 


im 


iLi/TnWjn 


fmm. 


— «» — -♦ — -t— - 


Y\g^  73, — Rye—l,  Tmnsverse  section  of  Te^ta,  &c.  x  108 ;  2,  Goati  in  tilu  from  withtmti  x  ITOl 
a,  ExteniAl ;  d.  Middle ;  c^  Internal  coat ;  d.  Starch  gialDfli  x  108. 

Lolium  temulerUum  (Bamel — Gramiwem;  other  species  may  bo  used)* 
— ^This  gives  the  bread  no  colour,  but  produces  narcotic  symptoms,  vertigo, 


I  PtoUischek,  S^midCi  Jahrb.,  1863,  No.  3,  p.  287. 

^  The  n&ycd  appcflrance  of  the  hilum  is  not  genendly  so  well  markiHl  as  ahown  in  the  f^gox^ 
and  in  often  onl^  mot  with  in  a  amaU  proportion  of  the  gnaina*    /.  JLiV. 
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Sallucmations,  delirium,  convulsions,  and  paralyals.*     Pellischek  states  that 


^  ^g.  74.— Outer  coat  of  Buckwheat,  ap- 
parently of  jiregulAT  And  mterlacing 
filjro-flpinl  oelKBeporaWe  by  boiling 
the  testa  and  macenitiag  it  Outside 
these  ooUa  Is  a  v&ry  thin  and  delicate 

I  niembmiie,i«tauiiugthemarksof&t' 
t^hmentDf  theapkaloeUa.     xl70. 


laternil  ooats.  The  most  internal  is  Mm- 
poffed  of  cells  with  an  iirefrular  waTcd 
o^itline,  and  Icmmtudmal  cell*  over  the 
starch  cella.     %  170, 


d^^c._ 


Fig,  76,— Buckwheat— Transverse  auction  of  outer,  middle,  and  interna!  1  x  170. 

coats,  with  pelluloao  conUinmg  starch  graina,     ,        -        *  [Starch  grainj,  x500. 

1  The  peculiar  symptomfl  |)roduced  by  £ojhmii  t€tivulattwt^  or  bearded  Darnel,  wero  well 
known  to  the  ancieotii.    Pereira  states  that  the  first  symptoms  are  gaatro-intestmal^  such'aa 
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these  symptoms  do  not  occur  if  the  grain  be  dried  in  an  oven  before  baking, 
or  if  th«  brtad  in  left  for  some  days  before  being  used.  Under  the  name  of 
**  Drake/'  iJarnel  grass  seed  appears  to  be  an  accidentid  adulteration  of  the 
poorer  Australian  flours.  This  has  been  detected  by  Dr  Davidiion,  of  the 
Mauritius^  in  flour  imported  into  that  colony  from  Australia.     Samples  of 


Fig.  76< — Millet  Seed — a»  Transverse  section  of  ttsiitti  coats,  (Hsen  from  iniii(k  i  a,  Oatir  j 
b,  Middle ;  c,  Inner  coat  k  170 ;  a^  8tarch  gnuns  x  50a    8c«le  1-lOOOtb  inch. 

"Drake  '*  sent  by  him  have  b<?en  found  by  Professor  Tbistleton  Dyer  to 
identical  T\ith  Darnel  seed.  The  detection  of  luUnm  is  best  effected  by  ' 
means  of  alcohol,  which  gives  a  greenish  solution  with  a  djsagreejible 
repulsive  taste,  and  on  evaporation  a  resinous  yellow-green  disagreeable 
extract  is  left  Pure  flniir  gives  with  alcoliol  only  a  clear  straw-coloured 
solution,  with  an  agreeable  taste  (PeUlschek).  Sulphuric  acid  reddens  the 
outer  envelope. 

BromuH  or  Serra/aictis  (Brome-grass — Graminefp  ;  difierent  species — 
Arvnms  or  Sfcalitms). — PelHschek  states  that  the  seeds  of  tliis  plant  give 
the  bread  a  dark  colour,  and  make  it  indigestilile.  It  is  probably  a  most 
uncommon  adulteration* 


voniitiBg  oud  coUc»  and  then  cerebro-spinnl  svmptomfi  c^me  m,  vit,,  headji^he,  giddiness, 
tinnitus,  confusion  of  sight,  diiated  pnpili^j  delirium,  trenibUng  and  paralysis  {EUmenU  qf 
Materia  Mtdicity  1850,  voL  ii,  p>  977).  The  san^e  uffectj*  ure  produced  on  AnimoiA.  Pereira 
states  that  he  did  not  succeed  in  obtaining  the  chemical  te.st  noted  in  the  text,  viz,,  llnj  grwn 
alooliolic  solution  and  the  yellow  r&^iu  on  evaporation.  HaHsall  figures  the  starch  grains  of 
the  loUum  as  i<mall  and  something  like  rice  ;  tifty  or  sixty  may  adhere  together  and  form  a 
compound  grain  not  very  unlike  the  oat.  Tlie  envelopes  are  tolerably  distinctive  ;  tho  ceUs 
of  the  outer  coat  are  made  up  of  a  single  Jayer^  and  are  diKposicHl  tnmsveraoly  instead  of 
longitudinally.  The  second  coat  is  in  two  layers,  and  the  cells  have  a  vertical  Rrrangement. 
The  third  coat  is  like  the  inner  coat  of  wheat,     This  account  is  taken  from  HasKalL 

It  is  not  very  likely  that  any  other  grains  except  those  mentioned  in  the  text  will  be  mixed 
vrith  wheat  flour.  The  seeds  of  the  Peruvian  food,  Chtnttpadiitm  Quinoii,  Lave  not  apparently 
been  naed  as  a  falsilication.  The  starch  grains  of  the  Quinoa  are  said  to  1)«  the  smallest 
known.  It  may  lie  worth  remarking  that  this  seed  is  very  rich  in  salts  (2-4  per  cent ),  and 
partionlJirly  so  in  irnn  (0*75  fier  cent) ;  indt^ed,  it  is  the  richer  in  iron  of  any  vegetable.  It 
n»  possible  that  it  might  be  a  useful  food  in  isoroe  case^  of  illness.  It  b  fairly  nutritious  and 
dimtible. 

The  starch  grains  of  the  acorn,  which  might  perbajis  be  added  in  times  of  great  scarciiy. 
would  be  immediately  detecte<l^  as  thev  have  a  \*ery  characteristic  centnd  depi-e^ion^  ami, 
are  also  quite  different  in  shape  from  tne  fliit,  round,  smooth  starch  cells  of  tlie  wheat  and 
bArlcy. 
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It  "will  be  found  that,  when  mixed  with  flour,  the  microscope  will  detect 
readily  many  of  these  substances.  Detection  is  often  very  (Ufficult  when 
the  flour  is  made  into  bread,  and  therefore,  whenever,  from  the  bread,  there 
is  any  cause  of  suspicion,  means  should  be  taken  to  obtain  some  of  the  flour. 

Cones  Flour, — A  flour  obtained  from  Revel  wheat  is  used  by  bakers  for 
dusting  their  troughs.  Hassall  has  found  this  Cones  flour  to  be  greatly 
adulterated  with  rice,  maize,  beans,  rye,  and  barley.  Sometimes  Cones 
flour  is  mixed  with  good  flour.  Several  samples  examined  at  Netley  con 
tained  nothing  but  rice.  This  is  sometimes  sold  as  "  Rice  Cones " ;  there 
may  be  some  advantage  in  the  dryness  of  the  rice. 

Cooking  of  Flour, 

The  effect  of  heat  is  to  coagulate  the  albumin  and  to  transform  some  of 
the  starch  into  dextrin.  Substances  are  also  added  to  the  bread  to  cause  a 
further  transformation  of  the  starcL 

Cakes, — The  unf ermented  cakes  ^  are  simply  made  with  water  and  salt. 
As  they  are  very  readily  made,  are  agreeable  to  taste,  and  nutritious,  it  is 
very  desirable  to  teach  every  soldier  to  make  them,  so  that  in  war,  when 
bread  is  not  procurable,  he  may  not  be  confined  altogether  to  biscuit.  The 
Australian  "damper"  is  simply  made  by  digging  a  hole  in  the  ground, 
filling  it  with  a  wood  fire,  and,  when  the  fire  has  thoroughly  burnt  up, 
removing  it,  placing  the  dough  on  a  large  stone,  covering  it  with  a  tin 
plate,  and  heaping  the  hot  ashes  round  and  over  it.  In  a  campaign,  every 
soldier,  if  he  could  get  flour  and  wood,  would  soon  learn  to  bake  a  cake  for 
himself.  The  only  point  of  manipulation  which  requires  practice  is  not  to 
have  the  heat  too  great;  if  it  be  above  212°  too  much  of  the  starch  is 
changed  into  dextrin,  and  the  cake  is  tough.  Exposed  to  greater  heat,  and 
well  dried,  the  unfermented  cakes  become  biscuit. 

Macaroni  is  flour  from  a  hard  Italian  grain  rich  in  glutin,  which  is 
moistened  with  water,  and  pressed  through  a  number  of  small  openings, 
while  at  the  same  time  heat  is  applied.  As  it  is  very  nutritious  in  small 
bulk  and  keeps  well,  it  would  be  a  good  food  for  soldiers  in  war  if  its  cost 
could  be  lessened. 

Suh-Section  m. — Biscuit. 

To  make  biscuit,  flour  is  generally  taken  with  little  or  no  bran  (on  account 
of  its  hygroscopic  properties) ;  but  bran  is  also  sometimes  used ;  no  salt  is 
added ;  the  simplest  biscuits  are  merely  flour  and  water ;  but  some  are  made 
with  milk,  eggs,  &c 

Choice  of  Biscuits, — Biscuit  should  be  well  baked,  but  not  burnt ;  of  a 
light  yellow  colour,  and  should  float  and  partially  dissolve  in  water ;  when 
struck,  it  should  give  a  ringing  sound ;  and  a  piece  put  into  the  mouth 
should  thoroughly  soften  down.  It  should  be  free  from  weevils,  which  are 
easily  seen. 

Advantages  as  a  Diet. — As  it  contains  little  water,  and,  bulk  for  bulk,  is 
more  nutritious  than  bread,  three-fourths  of  a  pound  are  usually  taken  to 
equal  1  lb  of  bread.     Its  bulk  is  small,  and  it  is  easily  transported. 

Disadvantages. — Like  flour,  it  is  deficient  in  fat  After  a  time  it  seems 
difl&cult  of  digestion.  Perhaps  the  want  of  variety  is  objectionable ;  but 
certain  it  is  that  men  do  not  thrive  well  upon  it  for  long  periods.  In  war 
it  has  always  been  a  rule  with  English  army  surgeons,  for  more  than  a 
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century,  to  issue  hrend  as  much  as  possible,  and  to  use  biscuit  only  in 
wboTG  it  cannot  be  avoided. 

Sub-Section  IY. — Bread, 

If  carbon  dioxide  gas  is  in  any  way  formed  in  or  forced  into  the  interior 
of  dough,  so  as  to  divitle  the  dough  into  a  number  of  little  cavitieSj  bread 
is  made. 

There  are  three  kinds  of  bread : — 

1.  Carbon  dioxide  is  disengaged  by  the  fermentative  prw:css,  caused  by 
yeast  or  leaven*  During  the  baking  a  certain  amoiuit  of  preformed  sugar 
yields  COjj ;  a  portion  of  fitarch  is  converted  into  dextrin  and  sugar,  and 
also  yields  CO^ ;  a  little  lactic  and  butyric  acids,  and  extractive  matters  are 
formed.  It  is  of  importance  to  prevent  this  change  from  going  too  far ; 
and  herein  is  one  of  the  arts  of  the  baker ;  and  it  Ls  partly  to  prevent  this 
that  ahmi  is  added,  which  has  the  property  of  arresting  the  change. 

In  making  bread,  the  proportions  are  20  lb  of  flour ;  8  to  12  lb  of  tepid 
water  ;  4  oz.  of  brewer's  yeast,  to  which  a  little  potato  ia  added  ;  and  1 J  ta 
2  oz.  of  salt.  280  9^  of  fiour  (1  sack)  will  give  from  90  to  105  4-!b  loaves, 
or  100  Dj  of  flour  will  make  from  129  to  150  U>  of  bread.  If  there  is  14  per 
cent  of  water  in  the  flour,  the  bread  will  cont^aiu  in  the  former  case  33*1 
per  cent,  and  in  the  latter  42*7  per  cent  If  100  &j  of  flour  contain  14  per 
cent  of  water,  and  make  141 J  lb  of  bread,  the  bread  wull  contain  40  per 
cent,  of  water;  the  baker  always  endeavours  to  combine  as  much  water 
a«  he  can,  so  as  to  get  more  loaves,  6i  lb  of  dough  ^^eld  6  lb  of  bread. 
Machines  are  now  generally  used  for  mixiug  the  dough  (Stevens*  Machine). 

2.  COjj  is  disengaged  by  mixing  sodium  or  ammoniimi  carbonate  with  the 
dough,  and  adding  hydrochloric,  tartaric,  phosphoric,  or  citric  acids.  Baking 
iwwders  iire  compounds  of  the^e  substances. 

3.  CO2  is  forced  through  the  dough  by  pressure  (Dauglish's  patent 
aerated  bread).  This  process  has  the  great  advantage  of  rendering  it  im- 
possible  that  the  conversion  of  starch  into  dextrin,  sugar,  and  lactic  acid 
shall  go  too  far.  About  20  cubic  feet  of  CO^  (derived  from  chalk  and 
sulphuric  acid)  are  used  for  280  lb  of  flour ;  and  about  1 1  cubic  feet  are 
jwitually  incorporated  with  the  flour  (Odling). 

Advantatjea  of  Bread  as  an  AHtch  of  Diet 

It  is  hardly  necessary  to  mention  these.  The  great  amount  of  nitro- 
genous matters  and  stirch  it  shares  with  Hour;  tlie  nitrogen  is  to  the 
catbon  as  1  to  21.  It  therefore  recpiire^  more  nitrogen  for  a  perfect  food. 
Tlie  process  of  baking  renders  it  more  digestible  than  flour.  No  satiety 
attends  its  use,  although  it  may  be  always  made  in  the  same  way  ;  this  is 
probably  owing  to  the  great  variety  of  its  components* 

Bimdvantages. — It  is  poor  in  fat  and  some  salts,  especially  in  the  case  of 
the  finest  flour  freed  from  the  internal  envelope.  Therefore  we  see  thai 
the  practice  of  using  fat  with  it  (butter  for  the  rich,  fat  bacon  for  the  poor 
man)  is  extremely  common.  As  to  the  relative  advantages  of  the  three 
methods  of  making  bread,  the  last  (aeration  by  COg)  is  said  to  have  the 
advantage  of  making  ^vhite  bread,  though  the  inner  envelopes  are  left ;  of 
not  causing  any  loss  of  stareh,  or  permitting  the  change  to  go  too  far ;  of 
not  containing  any  unwholesome  yeast.  The  system  of  making  bread  with 
yeast  has  been  objected  to  on  the  ground  that  bad  yeast  is  often  used  ;  the 
fermentative  changes  go  on  in  the  stomacli^  much  COj,  is  disengaged,  and 
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dyspepsia,  flafculence,  and  unpleasant  sensations,  such  as  heart^burnj  are 
produced  Tkis  largely  depends  on  the  quality  of  the  yeast  used.  "  Ger- 
man yeast,"  which  is  recommended  for  use  in  the  army,  is  quick  in  its 
action :  it  is  a  pasty,  easily  crumbled  mass,  of  agreeable  fruity  odour, 
and  dingy  white  colour.  There  is  no  doubt  that  badly  prepared  bread  gives 
rise  to  these  symptoms,  though  that  this  is  altogether  due  to  bad  yeast  is 
perhaps  uncertain.  The  second  method  yields  a  wholeaome  bread,  but  is  too 
expensive  for  common  use,  and  it  has  also  been  pointed  out  that  the 
hydrochloric  acid  of  commerce  always  contains  arsenic.  The  amount  would 
he  too  small  to  be  hurtful,  but  might  be  of  metlico-legal  consequence. 

Special  Fmnts  ah&ut  Making  of  Bread, 

Bread  may  be  of  bad  colour — rather  yellowish,  from  old  flour ;  from 
grown  flour  {in  which  case  the  changes  in  the  starch  Imve  generally  gone  un 
to  a  considerable  exU:iiit,  and  the  bread  contains  more  sugar  than  usual,  and 
does  not  rise  well),  and  perhaps  from  bad  yeast.  The  colour  given  by 
admixture  of  bran  must  not  be  confounded  with  yellowneas  of  this  kind» 

Bread  is  also  dark  coloured  from  admixture  of  other  grainf?,  as  already 
noticed  under  flour  (rye,  buckwheat,  melampyrum,  sainfoin,  &c).  Bread 
may  be  acid,  from  liad  flour  giif'ing  rise  to  an  excess  of  lactic  and  perhaj^s 
acetic  acids,  or,  it  is  sjiid,  from  bad  yeast.  In  finding  tbe  cause  of  acidity 
in  bread,  look  first  to  the  flour,  which  may  be  old  aud  a  little  discolouied, 
and  too  acid ;  if  nothing  can  be  made  out,  examine  tlie  yciist,  and  change 
the  source  of  supply ;  then  look  to  the  ve-ssek  in  Avhich  the  dough  is 
kneaded,  and  to  tJie  water.  Enforce  great  cleanliness  on  the  part  of  the 
men  who  make  up  the  dough.  Brigade-surgeon  Godwin  *  stiitc^s  that  at 
Bareilly  the  wheat  was  imperfectly  gruund  in  small  hand-mills ;  it  wa«  then 
separated  by  sifting  into  four  portions,  viz.,  bran ;  **  attar,"  wliicli  corre- 
sponds to  pollards;  "soojie,"  which  consists  of  glutin  and  starch;  and 
"  moida,*'  which  is  nearly  all  starch.  The  eoojie,  from  imperfect  grinding, 
is  granuhited^  aud  ehieily  used  for  bread,  a  small  portion  only  of  maida  being 
mixed  witli  it  To  cleanse  the  wheat  before  grinding  it,  it  was  washed  in 
the  evening,  and  then  placed  in  heaps  and  dried  in  the  sun.  The  he^ips  of 
corn  underwent  fermentation,  and  were  often  quite  hot  to  the  hand.  A  very 
acid  bn-ad  was  given,  but  when  the  wlieat  was  not  thus  washed  it  pelded  a 
good  bread. 

Br»*ad  is  heavy  and  sodden  from  bad  yeast  fermenting  too  rapidly,  or  when 
the  fermentation  has  not  taken  place  (cold  weather,  bad  water,  or  some  other 
cause  will  sometimes  hinder  it),  or  when  the  wheat  is  grown  ;  when  too 
little  or  too  much  heat  has  been  employed.  It  is  said  also  that  if  the  flour 
has  been  dried  at  t4^K)  gte^it  a  heat  (at>ove  200"  Fahr)  the  glutin  is  altered 
and  the  bread  does  not  rise  well.     It  i«  bitter  from  bitter  yeast 

Bread  becomes  mouldy  rapidly  when  it  contains  an  excess  of  water. 

Rice  is  used  as  an  addition  because  it  is  cheiiper ;  it  retains  water,  and 
therefore  tlie  liread  ib  heavier.  Rice  bread  (if  25  per  cent  of  rice  be  added) 
is  heavier,  of  closer  texture,  and  less  filled  with  cavities*  Potatoes  ore  some- 
times added,  hut  are  generally  used  only  in  small  quantity  with  the  yemt 

Alum  is  added  to  stop  an  excess  of  fermentation,  when  tlie  altering  glutin 
or  cerealin  acts  too  much  on  the  starch,  and  it  also  whitens  the  bread ;  it 
doe«  not  increase  the  amount  of  water ;  it  enables  bread  to  be  made  from 
flour  which  otherwise  could  not  be  used.  Sulphates  of  copper  and  of  zinc, 
in  very  small  amount^  are  sometimes  employed  for  the  same  purpose. 


1  Armjf  Medical  ReporU^  vol.  vii.  p,  45L. 
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For  acid  flour^  lime  water  is  used  instead  of  pure  water ;  lime  water  ka& 
this  advantage,  that>  while  it  does  not  check  the  fermentation  of  yeast,  it 
hindf-rs  tlie  action  of  diastase  on  starch.  It  must  be  caustic  limo  water,  and 
not  clialk  and  water^  as  sometimes  is  the  case. 

Loaves  are  generally  weighed  when  hot,  and  that  is  considered  to  l»e  their 
weight.  In  the  Austrian  army,  a  loss  of  ^"9  per  cent,  in  four  days  Ib 
permitted.  After  being  t^ken  from  the  oven  bread  begins  t*:>  lose  weight.* 
Tlxe  loss  o(  weight  depends  uiwn  aue,  amount  of  cryst,  temperature^  and 
■movement  uf  air.  In  a  sheltered  place,  at  ordinary'  temperature,  a  2-lb 
'loaf,  baked  with  crust  all  over,  loses  about  J  per  cent,  in  cooling,  and  from  1 
to  1 J  in  five  hours.  A  similar  loaf,  with  only  top  and  bottom  crust,  loses  3 
per  cent,  in  cooling,  and  about  4  per  cent,  iii  five  or  six  hours,  A  loaf 
with  four  sides  crust  loses  2  per  cent,  in  cooling,  and  retains  its  weight 
without  much  further  loss  for  five  hours.  For  each  of  sue  sides  that  is  not 
crust  there  is  a  loss  of  weight  of  about  1  per  cent  in  the  first  five  houis. 
At  the  end  of  twenty-four  hours  the  i>roportion  is  about  one  half  more,  and 
the  total  loss  is  doubled  at  the  end  of  seventy-two  hours  {three  days).  If 
the  hrciid  is  baked  in  larger  loaves  {4  ftf,  for  instance)  the  loss  vnH  be 
proportionately  less,  the  ratio  of  the  evaporating  surface  to  the  hulk  of  the 
loaf  being  diminished. 

When  loaves  become  stale  they  c^n  be  dipped  in  water  and  rebaked,  and 
then  UisUi  quite  fresh  for  twenty-four  hours ;  after  that  they  rapidly  change. 

Ohl  biscuit  also,  soaked  in  water,  can  be  rebaked,  and  becomes  palatable. 

In  the  B\'ench  anny  fonnerly  there  were  three  kinds  of  **  pain  biscuit^'* 
according  to  the  degree  of  desiccation,  Since  1881  there  has  been  only  one 
kind,  wliic'li  keeps  from  fifteen  to  twenty-five  days,  and  of  wMch  the 
ration  is  700  grammes  (about  1  h  n>)* 

The  French  munition  loaf  weighs  1*5  kilogrammes  (3*3  D)  avoir.)  twenty- 
four  hours  after  leaving  the  oven,  and  contiiins  two  rations  of  750  grammes 
each  (1'65  lb).     The  ration  of  biscuit  is  550  grammes  (1'2  B)). 

It  would  be  useful  to  adopt  the  practice  of  strongly  leaked  !>rcad  in  our 
army ;  it  is  a  good  substitute  for  bjsciiit.'- 

MicroBCCpteal  Exammaiion  of  Brea/f. 

Tills  is  of  very  little  use  as  far  as  adulteration  is  concerned,  but  the  pre* 
eeuce  of  fungi  can  be  dotected. 

The  most  common  fungm  is  a  kind  of  PemctlUutn  (giiophilum  and  roseum)^ 
which  gives  a  greenish,  brou*nish,  or  reddish-yellow  colour ;  sporules,  spo- 
rangia, and  mycelium  can  all  be  seen.  The  Oidium  auraidiarnm  has  been 
several  time.<5  detected  in  France  and  Algeria;  it  is  distinguished  by  itn 
orange-red  colour.  A  greenish  M%tcQr  is  often  found  in  bread.  Puccinia^  m 
common  in  flour,  has  not  been  detected, 

DUeoMM  connected  mth  the  QueUUp  of  Flour  and  Bread. 

1.  The  Flour  or^ftnally  bad. — It  may  be  ergo  ted,  or  grown,  and  fermeiit- 

ing,  or  with  funffi  forming.     An  anomalous  disease  approaching  to  ergotiam 

should  lead  at  once  to  an  examination  of  the  fiour.     The  fermenting  flour 

prmluces  dyspepsia  and  diarrhcea ;  the  heat  and  moisture  of  the  stomach,  no 

y  doubt,  excite  at  once  very  rapid  fermentation ;  the  glutin,  already  metamor- 


1  Bet  Report  on  Hygiene*  Army  MediccU  HepoHst  toI.  xt]\L  p,  219, 
«  For  Cnemioiil  examination  of  Flottr  and  Brwd,  see  Book  111. 
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phosing,  acts  very  energetieally  on  the  starch,  and  CO2  is  mpidly  devoloped  ; 
hence  unc comfortable  feelings,  flatulence,  imperfect  digestion,  and  diarrha^iL 
It  is  to  remedy  this  condition  of  ilour  that  alum  is  added,  and  some  of  the 
effects  ascribed  to  almn  may  be  really  owing  to  the  flour. 

The  most  important  disease  connected  with  flour  is,  however,  ergotii^ra ; 
this  ia  less  common  in  wheat  than  in  r>^e  flour,  but  yet  is  occasionally  seen. 
Sometimes  ergoted  meal  produces  at  once  violent  stomach  and  intestinal 
symptoms,  at  other  times  j^rimary  digestion  is  well  performed,  and  the  early 
symptoms  are  great  general  depression  and  feverishness,  usliering  in  the 
local  symptoms  of  acrodynia.* 

2.  Flour  originally  guod^  but  aUering  fit  her  from  age  trr  from  not  having 
been  well  dried, — The  bread  is  often  acid,  anil  sometimes  highly  so  ;  this  may 
produce  diarrlicea,  though  such  bread  lias  sometimes  been  used  for  a  long 
time  without  this  effect;  usually  persons  Avill  not  eat  much  of  it,  and  thus 
the  supply  of  nutriiiieot  is  lessened.  If  the  bread  be  too  moist,  fungi  form, 
and  Oidium  aurmitiacum^  in  particular,  has  been  known  in  Algiers  to  give 
rise  to  little  enilemics  of  diarrhoea  (Boudin  and  Foster).^  Mticor  mucedo 
either  does  not  produce  this,  or  rarely.  It  is  not  known  that  Acarus,  so 
common  in  flour,  has  any  bad  effects  when  eaten. 

3,  Subst<Tn*:ei  addtd.—Alumf  of  course,  is  the  chief  substance;  there  has 
been  much  difference  of  opinion  as  to  its  effects.  It  has  been  asserted  to 
produce  dyspepsia;  to  lessen  the  nutritive  value  of  bread  by  rendering  the 
phosphoric  acid  ins^iluble,  and  to  be  also  a  falsification,  inasmuch  as  it 
permits  an  inferior  flour  to  be  sold  for  a  good  one.  The  last  allegation  is 
no  doubt  correct;  the  second  probably  so,  as  there  is  little  doubt  of  the 
formation^  jmd  none  of  the  insolubility,  of  aluminum  phosphate*  The  first 
point  is  more  doubtful,  though  several  physicians  of  great  authority 
(Carpenter,  Bund  as  Thomson,  Gibbon,  Normandy)  have  considered  its 
action  very  deleterious,  and  that  it  causes  dysj,>epsia  and  constipation. 
Pereira  considered  that  whatever  may  have  been  the  effect  in  the  case  of 
healthy  persons,  sick  persons  did  really  suffer  in  that  way.  A  question  like 
this  is  ob\4ously  diflicult  of  that  strict  proof  we  now  demand  in  medicine. 
Seeing,  indeed,  that  the  usual  effect  of  bad  flour  is  flatulence  and  diarrhoea, 
if  constifx^tion  were  decidedly  produced  by  bread,  it  would  Ije  more  likely 
to  prtx-eed  from  alum  than  from  any  other  ingredient  of  the  Tiread.  Looking 
again  to  tlie  fact  that  sometimes  bread  has  contained  large  quantities  of 
alum, — sometimes  as  much  as  40  grains  in  a  i-lh  loaf,  and  probably  more, — 
we  get  an  amount  in  an  ordinary  meal  which  (if  the  ahiminimi  phosphate 
is  an  astringent)  might  very  well  cause  constipation.  Looking,  then,  to  the 
positive  evidence,  and  the  re^asonableness  of  that  evidence,  it  seems  extremely 
likely  that  strongly  aliuned  bread  does  produce  the  injurious  effects  ascribed 
to  it 

Sidpkuric  €icid  is  said  to  be  added  *  before  grinding  instead  of  alimi :  it 
has  the  same  power  of  preventing  decay. 

Sulphate  of  Copper. — The  amount  is  so  small  that  it  seldom  produces 
any  symptoms;  still  it  is  possible  that  some  anomalous  cases  of  stomach 
irritation  might  lie  owing  tti  this. 

Zead, — Dr  Alforii,*  medical  oflficer  for  Taunton,  reports  a  caso  of  poison- 
ing from  lead  getting  into  flour.  Six  or  seven  families,  including  fifteen  to 
twenty  persons,  suffered,  some  very  severely.     The  water  was  analysed,  but 


5  Aitkcn,  op.  fit.,  7th  ml  vol,  U,  p.  1083.  «  Arehivet  Om.  de  Mid.,  1S43,  p.  244. 

»  Dr  Aiigiw  Smith,  Annual  lUport  </  th€  IdanoKektr  and  Sal/tfrd  Sanitary  AmKuition 
far  1863.— i2<»par<  qf  a^h-VommiUtf, 
*  .Sanitary  lUcord,  May  2&,  1877. 
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no  lead  found,  and  then  it  waii  noted  that  tlie  persons  attacked  all  got  their 
flour  from  the  same  milL  On  makinf^  inquiries,  it  was  found  that  {he  mill- 
stones used  had  {from  the  nature  of  tlie  stctne)  large  spaces  in  them,  which 
had  been  fiUed  up  with  lead  !  It  was  mentioned  at  the  meeting  of  the 
sanitary  authority  by  one  of  the  memberit,  that  lead  was  not  usually 
employed  in  that  way,  that  what  was  generally  used  was  red-lead  and  borax, 
or  alum  and  borax,  both  highly  ohjcctioTiable.  If  such  he  the  case,  this  ia 
another  possible  source  of  alum,  whieh  ought  to  he  recollected. 

Lfjiiiim  teniuienium  gives  rise  to  narcotic  symptoms  {see  page  297). 

Flour  from  other  Oraifu. — It  is  not  known  whether  the  adilition  of 
potatoes,  rice,  barley,  peas,  Scc.^  in  any  way  injures  health,  except  as  it  may 
aflect  nutrition  or  digestion.  Occasionally,  in  times  of  famine,  other  sub- 
stances are  mixed — chestnuts,  acorns,  &c.  In  1835,  during  famine,  fatal 
dysentery  appeared  in  Kdnigsberg  owing  to  the  pjeople  mixing  tlieir  flour 
with  the  pollen  of  the  male  catkin  of  the  hixzel  bush*  In  India  the  use  of  a 
vetch,  Laik^rujt  itafmi^  (kisari-dal)^  with  barley  or  wheats  gives  rise  to  a 
special  pamlysia  of  the  legs  when  it  excee^is  one-twelfth  part  of  the  flour  ; 
L.  cicera  hiis  the  same  effect,^  During  the  siege  of  Paris,  straw,  to  the 
extent  of  one-eighth,  was  introduced  into  the  bread :  this  had  a  veiy 
irritating  effect. 


SECTION  IV. 

BAKLEY. 

,  article  of  diet,  barley  has  the  same  advantages  and  disadvantages  as 
wheat.  It  is  said  to  he  rather  laxative  (Pcreira),  and  it  wiis  noticed  by  the 
late  Dr  Parkes  tliat,  either  horn  this  cause  or  from  the  imperftn^t  sepamtion 
of  the  sharp  husks,  barley  bread  was  particularly  iinsuited  for  dysenteric 
casea  The  barley  grain  contiiins  al»out  as  much  protein  bodies  as  wheat, 
and  these  consist  of  glutin-ciisein,  glutin-fibrin,  mucpdin,  foid  albumin.^ 
In  the  table  <m  page  250  an  analysis  of  barley  meal  is  given,  sho^^^g  its 
richness  in  nitrogenous  principlei^.  The  analysis  of  pearl  barley  is  from 
Professor  Church,  and  shows  a  niucli  smaller  amoimt,  due  perhaps  to  the 
more  complete  removal  of  the  outer  envelope  ;  but  in  a  sample  anidyse^l  at 
Netley  as  much  as  11 '37  of  pro te ids  was  fimnd.  Barley  is  certainly  very 
nutritious,  and  the  Greeks  trained  their  athletes  en  it.  Its  richness  in 
phosphoric  acid  and  iron  render  it  particularly  adapted  for  this. 

Choice  of  Barley  (Scotch  or  pot  barley,  viz.,  the  grain  without  the  htisks)* 
— For  the  barley  grains  the  same  points  are  to  be  attended  to  as  in  wheat. 

For  the  pearl  barley  (which  is  merely  the  grain  rounded  off)  the  best 
t<?sts  are  the  physical  characters^  colour,  freedom  from  dust,  grit^  and  insects, 
and  the  test  of  cooking. 

The  |)atent  prepared  or  [wwdered  barley  should  be  examined  with  tho 
microscope ;  any  kind  of  cheaper  grain  may  be  mixed  with  it. 

DiseoMS  arising  from  AUrred  Qnaiity. ^-The&e  are  the  same  as  those  from 
wheat,  viz.,  indigestion,  flatidence,  and  cHarrhcEa.  There  appears  to  be 
nothing  j^eculiar  in  the  actiun  of  diseased  barley  as  distinguished  from 
diseased  wheat. 

I  Dr  Irvine  {Indian  Annals,  Jna.  1S6§)  de^ribed  the  rjnnptoms  produced  by  the  EMii* 
dAl,  or  Lathyrtu,  Tlie  fimt  symptoms  are  gustro-intestmal  irTitation,  and  the  piii»p)egiA 
follows  on  this. 

3  RitthAuaeu,  Dp,  dt.j  p.  lOS, 
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SECTION  V. 

OATS, 

Oats  have  been  considered  even  more  nutritious  than  wheat  or  barley,  and, 
certainly,  not  only  is  the  amount  of  nitrogenous  substance  great^  but  the 
proportion  of  fat  is  large.  Unfortunately  the  nitrogenous  substance  has  no 
adhesive  property,  and  bread  cannot  be  made  of  it ;  the  amount  of  indigest^ 
ible  cellulose  is  large.  But  on  the  other  hand^  oatmeal  has  the  great  advan- 
tage of  being  very  readily  cooked,  much  more  so  than  wheat  or  barley.  The 
researches  of  Kreusler  ^  show  that  the  nitrogenous  substances  of  oats  contain 
gliadin,  and  especially  glutin-casein.  This  last  substance  is  that  called 
"avenin"  by  Norton  and  Johnstone;  it  approaches  very  closely  to  the 
legumin  of  peas  and  beans,  and  is  so  called  by  Eitthausen.  In  nutritive 
properties  it  causes  oatmeal  to  stand  nearer  to  the  Leguminosoe  than  the 
cereals  do.     It  contains  double  as  much  sulphur  as  the  legumin  of  peas. 

For  this  reason,  and  because  it  contains  much  nutriment  in  small  bulk, 
because  it  can  be  eaten  for  long  periods  with  relish,  and  keeps  imchanged 
for  a  long  time,  it  would  seem  to  be  an  excellent  food  for  soldiers  during 
war — an  opinion  which  does  not  lose  in  force  when  we  remember  that  it 
formed  the  staple  food  of  one  of  the  most  martial  races  on  record,  the  Scotch 
Highlanders,  whom  Jackson  considered  also  one  of  the  most  enduring. 
Formerly,  when  oats  were  badly  cleaned,  intestinal  concretions  of  the  husk 
and  hairs  were  common  among  those  who  lived  on  oatmeal,  but  these  are 
now  uncommon.  It  has  been  thought  to  be  "heating"  when  taken  con- 
tinually, but  this  is  probably  a  prejudice.  The  supporting  qualities  of  oat- 
meal used  as  a  drink,  made  into  a  thin  gruel,  are  testified  to  in  hard  work 
by  the  chief  and  divisional  engineers  of  the  Great  Western  Railway.  ^ 

AdtUterations, — Barley  meal  and  the  husks  of  barley,  of  wheat  and  of  oat 
itself  are  added  very  frequently.  A  single  look  through  the  microscope 
detects  the  round  and  smooth  barley  starch ;  the  envelopes  are  recognised 
with  very  little  more  trouble.  Rice  and  maize  are  also  sometimes  used. 
The  drawings  already  given  will  also  enable  these  substances  to  be  detected. 
Hassall  found  about  half  the  samples  of  oatmeal  adulterated. 

Choice  of  Oatmeal. — There  should  be  a  good  proportion  of  envelope,  but 
no  branny  character,  which  usually  arises  from  barley  husks ;  the  starch 
should  not  be  discoloured.  A  microscopic  examination  should  always  be 
made,  both  for  adulterations  and  Acari. 

SECTION  VI. 

MAIZE  AND  RYR 

Both  these  grains  are  very  nutritious ;  maize  contains  a  large  quantity  of 
yellowish  fat  (6  or  7  per  cent.).  The  glutin  cannot  be  washed  out  as  in 
wheats  though  this  was  stated  by  Gorham,  who  found  a  special  substance 
which  he  termed  "  Zein."  This  is  called  "  maize-fibrin  "  by  Ritthausen.  It 
requires  verj'  careful  cooking,  as  otherwise  much  passes  out  undigested. 
Dr  Johnstone  noticed  an  outbreak  of  diarrhoea  in  a  military  prison  clearly 
due  to  badly  cooked  maize.     It  should  be  soaked  in  water,  but  not  too  long 

1  Ritthausen,  op,  cit.^  p.  125. 

'-  On  the  Issue  of  a  Spirit  Ration  during  the  Ashaniee  Campaign  o/1874,  Appendix  ii.,  by 
E.  A.  Parkes,  M.D.,  F.R.S.,  &c.,  1874. 
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(two  to  four  hours),  and  then  thoroughly  boiled  for  several  hours  (four  to 
six)  at  a  rather  low  heat.     Maize  cakes  are  both  palatable  and  nutritious. 

Hominy  is  a  preparation  of  maize. 

Com  flour  is  prepared  by  treating  maize  meal  with  a  weak  solution  of 
caustic  soda ;  this  removes  the  greater  portion  of  the  fat  and  nitrogenous 
matters,  maldng  it  more  palatable  but  less  nutritious. 

Rye  makes  a  very  acid  dark  bread,  which  causes  diarrhoea  in  those  unaccus- 
tomed to  it;  custom,  however,  soon  remedies  this,  and,  as  far  as  nutritive 
value  goes,  it  appears  equal  to  wheat  It  contains  less  vegetable  fibrin,  and 
more  casein  and  albumin,  and  a  peculiar  odorous  substance. 

Diseases  connected  with  Maize  and  Rye, 

It  is  presumed  that  alterations  in  the  flour  will  produce  the  same  diseases 
as  in  the  analogous  case  of  wheat.  Ergotism  is,  however,  more  conunon 
in  rye  than  any  other  grain.  The  Pellagra  of  Lombardy  has  been  ascribed 
to  2l  fungus  (Verderame,  or  Verdet)  forming  in  the  maize.  Many  volumes, 
with  different  statements,  have  been  written  on  this  point,  and  it  is  still 
doubtful,  whether  or  not  the  Verdet  has  this  effect.  The  evidence  is  not 
sufficient,  but>  on  the  whole,  seems  most  in  favour  of  the  view  which  con- 
nects Pellagra  with  diseased  maize.  Hirsch,  from  a  consideration  of  all  the 
evidence,  concurs  in  this  opinion,^ 

SECTION  VIL 
RICE. 

The  whole  grain  (paddy)  deprived  of  the  husk  is  sold  as  rice.  There  are 
many  varieties,  of  different  colours  (white,  red,  brown?)  and  composition. 
The  amoimt  of  nitrogenous  matter  varies  greatly,  from  3  to  7*5  per  cent. 
As  an  article  of  diet  it  has  the  advantage  of  an  extremely  digestible  starch- 
grain,  and,  like  the  other  Cerealia,  there  is  a  great  admixture  of  substances  ; 
it  is,  however,  poorer  in  nitrogenous  substances  than  wheat,  and  is  much 
poorer  in  fat.  Consequently,  among  rice-feeding  nations,  leguminous  seeds 
are  taken  to  supply  the  first,  and  animal  or  vegetable  fats  to  remedy  the 
latter  defect.     Rice  is  also  poor  in  salts. 

Cooking  of  Rice, — It  should  properly  be  steamed,  not  boiled,  and  the 
steaming  should  be  thoroughly  done,  else  the  starch  grains  are  not  swollen 
and  digestible.  If  boiled,  it  should  not  be  for  too  long  a  time,  otherwise  the 
rice  water  contains  some  albuminous  matter,  and  the  grain  loses  in  nutritive 
power. 

Choice  of  Rice. — The  grains  should  be  clean,  without  grit ;  the  individual 
grains  without  spot  or  evidence  of  insects.  The  size  varies  much,  accord- 
ing to  the  kind ;  the  large  kinds  usually  command  the  highest  market 
price.2 

SECTION  VIII. 

MILLET,  RAGGY,  BUCKWHEAT. 

Various  other  grains  belonging  to  the  Cerealix^  or  to  other  natural  orders, 
but  having  similar  properties,  are  used  as  food  in  different  countries.     Of 

1  Oo,  cit.f  vol.  ii. 

«  The  larger  grains— especially  the  American  kinds— have  often  much  less  flavour  than  the 
Hmaller  and  less  attractive  Indian  kinds. 


MILLET — BAGGY — BUCKWHEAT — LEGUMmOSJ?. 


the  above-named  are  cliiefly  those  tlie  medical  officer  may  have  to 
report  on. 

Millet  is  tised  largely  in  Africa  (Weat  Cosist  and  Algeria),  in  Italy,  Spain, 
Portugal,  some  parts  of  India,  China,  &c. 


Engtiab  Njuhbb, 
Common  millet. 

Small  millet, 

Spiked  millet, 
GoldoU'Coloured  millet, 
Italian  millet, 
German  millet. 


fiotaokft]  Nuoet. 

{JSar^hwn  or  Fankum 
gare, 

PcnHUiiria  itpuata^ 
Sorghum  mcdkaratum. 
StUiHa  Itaiiea^ 
Setmia  Chrmaniee^ 

El^iainc  corocana^ 


IndlAo  NiiirieA. 
rSanwa  Chenawari 
4      (Hinduatuni). 
I  Varagu  (Taraul). 
,   I  Dharra  (Arabic), 
^'"^'J  Cholam  (Tamul). 

[joar  or  .ItHiii  (Hind.). 

{Bajrii  or  Bfyd  (Hiud.), 
Kambu  (Tamul). 

{Kala  kanffOi  (Hind.)* 
Tenay  (Tamul), 

{Eagi    or    Ragsy    (Hind,, 
Coniircse,  und  Tamul). 
Murha  and  Mnnd  in  the  N« 
Prov,  of  Hindustan.* 

The  millets  are  very  similar  in  composition.  The  ash  is  rich  in  silica  and 
phoi^phates. 

Millet  bread  is  very  gocxl,  and  some  was  issued  to  the  tn>ops  in  the  last 
China  Expedition.  This  should  always  be  done  in  a  millet  country,  If 
wheat  or  l>arley  cannot  be  got.  In  Northern  China  millet  is  almost  ex- 
clu8i\'idy  used. 

Eaggy  or  Rn^I,  Murha  and  Maud  of  the  upper  provinces  {Elettsine 
coroca7ui)y  is  largely  used  in  Southern  India  (Mysore)  and  in  some  parts  of 
Northern  Hindustan,  and  is  considered  even  more  nutritive  than  wheat. 
It  is  indestruetible,  and  can  be  preserved  for  many  yeai's  (even  sixty)  in  dry 
grain  pits. 

Buckwheat  (Fa^iipyrum  esciilentum^  Nat.  Orel,  Fvlygonacttv)  is  not  so 
likely  to  he  used.  It  is  poor  iu  nitrogenous  suhatiincLS  (about  9*5  ]>er  cent.) 
and  fat,  and  contains  a  good  deal  of  in^bgestiblc  celhilose,  but  it  makes  fairly 
palatable  cakes. 

SECTION  DC. 

LEGUMINOSiE. 


Tlie  Legum^n^ieB^  in  reepeet  of  dietetic  properties,  are  broadly  distingtiished 
from  other  vegetables  by  their  very  large  amount  of  nitrogenous  substance, 
called  legumin  or  vegetable  casein  ;  there  are,  in  addition,  a  Httle  alhumiji 
and  other  prutcid  bodies.  The  advantages  of  peas  and  beans  a^  articles  of 
diet  are  the  great  amotmt  of  legumiu,  and  the  existenee  of  much  sidphui  and 
phoi^phorus  in  combination  with  the  legumin ;  in  salts  also  they  are  a  little 
richer  than  the  Orcaita,  especially  in  fjotash  and  lime,  but  are  rather  ixxtrer 
in  phosphoric  sicid  and  magnesia,  1  lb  of  peas  contains  about  168  gi-ains  of 
salts.  The  disadvantage  of  picas  and  beans  is  a  cerUin  amount  of  iudigesti- 
bility ;  about  6 '5  per  cent  of  the  undigested  pea  p^isst^s  out  unchanged,  and 
8tjxreh -cells,  giving  a  blue  reaction  with  icKiine,  are  found  in  the  fiTces  ;  much 
flatus  is  also  pr<.»duced  by  the  hydrogen  sulphide  formed  from  the  legumin, 

^  The  iwtiv«  Bsmes  of  the  ludian  miM  and  pnUea  used,  especially  iu  Soutbern  India,  are 
givim  very  fully  in  a  pap«r  by  Mr  Elliol  {Kdinbutyh  Philompnical  Journal,  July  1862) ;  and 
ulsto  iu  Mr  Coniijih'B  eiciillant  paper  {^Madras  Medical  Journal,  February  1864)* 
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Stillt  they  arc  a  most  valuable  article  of  food,  and  always  ought  to  be  used 
wiieii  much  exercise  is  taken,  as  they  are  an  excellent  addltitm  U:^  meat  aud 
Cerealia.  Both  men  and  hmists  can  be  nourished  on  them  alunc  lor  some 
time.  Added  to  rice,  they  form  the  staple  food  of  large  pop^dations  in 
India.  Mr  Cornish  mentions  that,  in  the  Sepoy  Corps,  the  men  are  much 
subject  to  diaiThooa  from  the  too  great  use  of  the  ^^dal"  {Cajanus  indicug). 
Lentils  (Ervum  leris)  contain  a  large  iimomit  of  nitrogenous  substances,  arc 
rich  in  iron  and  pho^sphate  of  Hnie,  and  have  the  advantage  over  peas  of  con- 
taining no  sulphur.  "  Kevalenta  "  is  chiefly  prepared  from  lentils.  Gram 
{Cicer  anetinum\  although  chiefly  used  for  horses  and  cattle,  is  sometimes 
employed  as  fcM xl  for  men  in  India  :  it  makes  palatable  and  uutritious  cakoR. 

Choice  of  Fea.—lyy  keeping,  peas  lose  their  colour,  Ijccome  very  p^de  and 
much  shrivelled,  and  extremely  hiird.  Anytliiiig  like  decomposition,  or 
existeni-e  of  insects,  is  at  once  deteck'd.  The  powder  does  not  keep  very 
long ;  the  whole  peas  should  be  spHt.  The  microscope  should  be  used  to 
detect  Acartis. 

CiMjh'Tu/  of  Peajs  ajid  Beans. — The}-"  must  be  boiled  slowly,  and  for  a  long 
time,  otherwise  they  are  very  indigestible.  If  old,  no  amount  of  boiling 
softens  them, — in  fact^  the  longer  they  are  boOed  the  hartler  they  become  ; 
they  should  then  be  soaked  in  cold  water  for  twenty-four  hours,  crushed, 
and  stewed ;  in  this  way  even  very  old  peas  may  1  te  made  digestible  and 
]ialatable.  Clmlk-water  must  be  avoided  m  the  case  of  peas  as  of  other 
VL-getables,  as  the  lime-salt^  form  Insoluble  compounds  with  the  legumin. 

Lathymts  mtit^iiit  (Kisarl-da!  of  India). — Occasionally  in  Europe,  and  con- 
stantly in  sonir  parts  of  India,  this  vetch  has  been  used  when  mixed  with 
wheat  or  bai'k^^  flour  for  bread.  'Wlien  used  in  too  great  quantities,  it  pro- 
duces constijmtion,  colic,  and  some  form  of  mdigestion,  and,  if  eaten  in  large 
quantity,  paraplegiti.  It  is  also  injnrious  to  horses,  btit  less  so  ti>  oxen.  In 
Bengal,  Dr  Irvine^  found  in  some  villages  no  less  than  from  10  to  15  per 
cent*  of  the  pe4>|ile  paralytic  from  this  cause.  From  its  composition,  it 
would  appear  to  be  nutritious. 

SECTION  X. 
STARCHES  2  AND  SUGAR. 
Sub-Sbotiojt  I, — Arrowroots. 


Maranta  ArrotsToot  (West  Indian). ^ — The  chief  kind  is  olttained  from 
Maranta  anmdiiiacea  (Nat^  Ord.  Maraniaceiv.)  The  quality  of  Maraiita 
arrowroot  is  judged  of  l»y  i\A  whiteness  ;  by  the  grains  being  aggregated  into 
little  liuijjis,  and  by  the  jelly  being  readily  made,  find  being  firm,  colourle^, 
transparent,  and  good  tasted.  The  jeliy  remains  flriij  for  three  or  four  days 
without  turning  thin  or  sour,  whereas  potato  flour  jelly  in  twelve  hours  may 
become  thin  and  acescent.  Under  the  mieroscojM}  the  starch  grains  are  easily 
itlentifled.  They  are  slightly  ovoid,  lik<5  i>otato  starch,  but  have  a  mark  or 
line  at  the  larger  end  (the  hiltmi  of  the  |)otato  sUirch  is  at  the  smaller  end)  ; 
tlie  concentric  lines  are  well  niarkn<i  The  most  common  adulterations  are 
sago,  tiipioca,  and  potato  starch*  All  these  starch  grains  are  readily  detected 
by  the  nucri>Heope, 

1  Indian  AnnaU,  18&7.    ibtd,^  Jan.  1868,  p.  8£»,  Dt  Irvtne  .notices  tb«  nwmbkace  of  ttw 
symptoms  to  thn  diMeaae  UAttieil  BarbierHf  tUis<:riWl  by  Bontiusi. 
*  §ec  tAble,  p.  $10,  Add  J>late  of  dm  wings  hy  Mjni  Bruce  further  ou. 
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Curcuma  Arrowroot — Arrowroot  obtained  from  Curcuma  has  the  same 
physical  characters  as  Maranta,  but  under  the  microscope  the  starch  grains 
are  large  and  oblong,  marked  with  very  distinct  concentric  lines,  which, 
however,  are  not  entire  circles,  having  an  indistinct  hilum  at  the  smaller  end. 

Manihot  Arrowroot, — ^This  comes  from  Rio,  and  is  obtained  from  Jatropha 
manihot.  The  starch  grains  are  very  marked,^  From  thi&  starch  tapioca 
is  made. 

Tacca  or  Oiaheiti  Arrovoroot — Hassall  gives  a  figure  which  shows  that 
the  starch  grains  resemble  those  of  Manihot 

Arum  Arrowroot, — The  Arum  or  Portland  arrowroot  has  small,  angular,  and 
facetted  starch  grains,  which  cannot  be  confoimded  with  any  of  the  former. 
They  are  a  little  like  maize.     This  is  sometimes  called  Portland  Sago. 

British  or  Potato  Arrouoroot — Under  the  term  "  Farina,"  potato  starch 
is  sold  in  the  market,  so  white  and  crackling,  and  making  so  good  a  jelly, 
that  it  is  not  always  easy  to  distinguish  it  from  Manihot,  •  The  microscope 
at  once  detects  it.  The  pear-shaped  grains,  marked  hilum  towards  the 
smaller  end,  and  the  swelling  with  weak  liquor  potasssB,  render  a  mistake 
impossible.  In  making  the  jelly  a  much  larger  quantity  is  required  than 
of  Maranta  arrowroot.  Maranta  arundinacea,  mixed  with  twice  its  weight 
of  hydrochloric  acid,  produces  a  white  opaque  paste,  whereas  potato  starch 
treated  similarly  produces  a  transparent  acid  jelly-like  paste. 

Canna  or  Tous-les-Mois  Arroun'oot,  obtained  from  Canna  eduHs,  Nat.  Ord. 
MaratUaceok — The  starch  grains  are  like  those  of  the  potato,  but  much 
larger,  and  the  concentric  lines  are  beautifully  marked  and  distinct^ 

Sub-Sbction  II. — ^Tapioca. 

This  is  obtained  from  the  finest  part  of  the  pith  of  Jatropha  manihot  or 
Cassava, 

Under  the  microscope  the  starch  grains  are  small,  with  a  central  hilimi ; 
and  sometimes  three  or  four  adhere  together  and  form  compound  grains. 

It  is  adulterated  with  sago  and  potato  starch,  both  of  which  are  easily 
detected  by  the  microscope. 

Sub-Sbotion  III. — Sago. 

The  best  kinds  are  derived  from  the  sago  palm  (Sagus  farinifera),  but 
the  sago  of  Cycas  cireinalis  is  also  sold ;  it  is,  however,  inferior. 

Granulated  sago  is  either  "  common  "  or  "  pearl " ;  the  latter  is  chiefly 
used  in  hospitals.  The  starch  is  soluble  in  cold  as  well  as  in  hot  water. 
The  starch  grains  are  elongated,  roimded  at  the  larger  end,  and  compressed 
at  the  other;  and  hence  their  shape  is  quite  different  from  the  potato 
starch.  The  hilum  is  a  point,  or  more  often  a  cross,  slit,  or  star,  and  is 
seated  at  the  smaller  end,  whereas  in  Maranta  arrowroot  the  hilum  is  at 
the  larger  end.     Rings  are  more  or  less  clearly  seen. 

In  the  market  is  a  factitious  sago  made  of  potato  flour.  This  is  some- 
times coloured  red  or  brownish,  either  from  cochineal  or  sugar.  In  thirty 
specimens  Hassall  foimd  five  to  be  factitious.  The  microscope  easily  detects 
potato  starch. 

It  is  sometimes  difficult  to  remember  the  characters  of  the  different 
forms  of  starch,  but  it  may  be  to  a  certain  extent  facilitated  by  a  tabulated 
arrangement.  The  following  table  has  been  compiled  by  Dr  J.  D.  Mac- 
donald,  R,N.,  F.R.S.  :— 

1  See  table,  p.  SIO,  and  plate  of  drawings  by  Mrs  Bmoe  farther  on. 
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Microscopical  discrimination  of  the  principal  Arrowroots  and  StarcJies. 

I.  Starches  with  isolated  smooth  or  imfacetted  grains,  being  originally 
free  in  the  cell  cavity. 


General  Cluunicten. 


Pftrttcolar  Characters. 


r 


Form, 


HiluM, 


'Orains  large. 

Hilum  at 

the  small 

end. 


A.— Contour 

ovoid. 

Hilum 

eccentric 


Grains  me- 
dium sised. 
Hilum  at 
the  larger 
end. 


/      Hilum 
B.— Contour  J  longitudinal,  ^ 
oval.         j        linear 
\      lateral. 


C. — Contour 
round. 


Hilum 
central 


Form,  Hilum. 

Outline  even.    Con-    Hilum  distinct. 

tinuous  rinffs,  ob* 

lique,     including 

more    than    half 

the  grain. 
Outline  even.    Con- fiSTtVuiH  distinct 

tinuous        rings, 

nearly  transverse, 

including        less 

than     half     the 
.    grain. 
'Outline        uneven, 

often  with  beak- 

like  projections. 
Outline  more  even, 

beak     less     fre- 


Hilum  indistinct 

Hilum  slit-like,  tri- 
radial  or  crucial 


quently  seen. 
Whole    grain    still 

smoother        and 
.    more  regular. 
Orains  often  broad 

and  reniform. 

Grains  narrower  and 
^    more  uniform. 


( Form  lenticular. 


LForm  spherical.        < 


Hilum  similar,  but 
less  apparent 

Hilum  similar,  but 
still  less  marked. 

Hilum  cleft-like, 
puckered,  irregu- 

Hilum  less  puckered 
and  more  regular. 

Surface  convex  at 
the  hUum,  Grains 
large  and  minute 
only. 

Surface  depressed  at 
the  hilum.  Grains 
large,  medium- 
sized,  and  minute- 

Hilum  often  deeply 
fissured,  star-like. 


Name. 


Poteto ;     British 
arrowroot. 


Tons  -  les  -  Mois 
{Canna)  arrow- 
root. 

Curcuma  arrow-w 
root 

Bermuda  (i/ar- 
anta)  arrow- 
root 

St  Vincent  arrow- 
root 

Natal  arrowroot. 


Bean  starch. 

Pea  starch.   . 
Wheat  starch. 

Barley  starch. 

Rye  starch. 


II.  Starches  with  the  grains  facetted  by  original  juxtaposition  in  the  cell 
cavity.     Hilum  central. 


(Hilum  often 
cavernous. 


L.— Often  presenting  the 
rounded  nree  surface  of 
grains  originally  super- 
ficial in  the  cluster. 


B.— Altogether  facetted. 


Grains  very  large,  with  a 
central  sinus  or  caver- 
nous antrum. 
(Rings  8inuou8,irregular.) 


Hilum 
late. 

Hilum 
late. 


stel- 


Hilum  incon- 
spicuous. 


Grains  small  Tapioca. 

(^     (Sago  in  miniature.) 
.  ,    (  Grains  small  Rio  arrowroot 

®^'"<       (Like  Tapioca  without 
(  preparation.) 

[  Grains  small.  Maize. 

.     (Discoidal  with  facetted 
I  margin.) 

'In  rounded glo-    Oats. 
meruli  or  com- 
pound grains, 
Grains  J    and  free  in  the 
minute.   |    cells. 

Closely  packed    Rice 
in     the    cells 
(^  and  fixed. 


a  f'' 


*  J 


jjr.4 
^«i^ 


•■-p 


7"^- 


■\'/i 


,^_y 


■<J 


I..., 


c> 


\  >  * 


^1 


*U 


^ 
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Sub-Section  FV. — Sugar, 

Choice  and  Examination, — Sugar  should  be  more  or  less  white,  crystal- 
line, not  evidently  moist  to  the  touch,  and  should  dissolve  entirely  in 
water,  or  leave  merely  small  fragments,  which,  on  examination  with  the 
microscope,  will  be  foimd  to  be  bits  of  cane.  The  whiter  the  quality  the 
less  is  the  percentage  of  water,  which  varies  in  different  kinds  of  sugar,  from 
about  0*25  per  cent,  (in  the  finest  sugar)  to  9  or  even  10  per  cent,  (in  the 
coarser  brown  sugars).  Most  of  the  sugar  now  sold  is  very  good  and  pure  ; 
but  the  coarser  kinds  are  sometimes  prepared  from  beet.^ 

The  impurified  sugars  contain  albuminous  matters  which  decompose,  and 
a  sort  of  fermentation  occurs.  Acarvs^  or  the  sugar-mite,  is  usually  found 
in  such  sugar,  which  is  not  known  to  be  hurtful.  Fungi  also  are  very  fre- 
quently present. 

SECTION  XI. 

SUCCULENT  VEGETABLES. 

Almost  all  other  vegetables  (except  potatoes)  are  used,  not  so  much  on 
account  of  nutritive  qualities,  as  for  the  supply  of  salts  ;  some  of  them,  how- 
ever, contain  very  digestible  starch  and  sugar,  or  other  substances,  such  as 
pectin  or  asparagin,  or  peculiar  oils  which  act  as  condiments,  as  in  onions. 

Sub-Section  I. — Potatoes. 

The  potato,  Solanum  tuberosum  (Nat.  Ord.  Solanaceas),  contains  only  a 
small  amount  of  nitrogenous  matter  and  hardly  any  fat.  Its  ash  is  also  poor 
in  potash  and  phosphoric  acid.  But  its  starch  is  very  digestible,  and  it  con- 
tains a  large  quantity  of  vegetable  acids  and  their  salts  (malates  ?  tartrates  ? 
citrates),  which  form  carbonates  on  incineration.  The  juice  is  acid,  and 
there  is  no  better  anti-scorbutic.  The  acids  are  combined  with  potash,  soda, 
and  lime. 

As  the  amount  of  salts  is  small,  and  that  of  water  large,  at  least  8  to  1 2 
ounces  of  potatoes  should  be  taken  daily  if  no  other  vegetables  are  eaten. 

Choice. — Potatoes  should  be  of  good  size,  firm,  cut  with  some  resistance, 
and  present  no  evidence  of  disease  or  fungi, 

A  still  better  judgment  may  be  formed  by  taking  the  specific  gravity, 
and  using  the  following  tables : — Multiply  the  specific  gravity  by  the  factor 
opposite  it,  and  divide  by  1000 :  the  result  is  the  percentage  of  solids  : — 


specific  gravity, 
between 
1061-1068 
1069-1074 
1076-1082 
1083-1104 


Factor. 
16 
18 
20 
22 


Specific  gravity, 
between 
1106-1109 
1110-1114 
1116-1119 
1120-1129 


Factor. 
24 
26 
27 
28 


1  Lately  Mr  Cassal  has  drawn  attention  to  "  Dyed  Sugar,'  which  has  recently  been  intro- 
duced into  the  market.  Samples  purchased  as  ''Demerara"  were  examined,  and  found  to 
consist  of  sugar  crystals  derived  from  beet,  and  artificially  coloured  yellow  with  an  aniline 
dye.  This  has  not  the  same  sweetening  power  as  cane  sugar ,and  can  he  manufactured  at  one- 
third  less  cost.    See  B.M.J. ,  1890,  voL  ii.  p.  647. 
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K  the  starch  alone  is  to  be  detenoined,  deduct  7  from  the  factor,  and 
proceed  as  before ;  the  result  is  the  percentage  of  starch. 
If  the  specific  gravity  of  the  potato  is — 


Below 

1068 

The  quality  is  very  bad. 

Between 

1068-1082 

,,          inferior. 

Between 

1082-1105 

,,          rather  poor. 

Above 

1105 

good, 
best. 

Above 

1110 

As,  however,  the  medical  officer  will  seldom  have  an  hydrometer  ^  which 
will  give  so  high  a  specific  gravity,  and  must  work,  therefore,  with  a  common 
urinometer,  the  following  plan  must  be  adopted  : — Take  a  sufficient  quantity 
of  water,  and  dissolve  in  it  ^  an  ounce  or  an  ounce  of  salt,  and  take  the 
specific  gravity ;  then  add  another  i  ounce  or  ounce,  and  take  again  the 
specific  gravity ;  do  this  two  or  three  times,  so  as  to  get  the  increase  of 
specific  gravity  for  each  addition  of  a  known  quantity  of  salt ;  then  add  salt 
enough  to  bring  up  the  specific  gravity  to  the  desired  amount.  This  is,  of 
course,  not  quite  accurate,  but  in  the  absence  of  proper  instruments  it  is  the 
only  plan  that  seems  feasible. 

Cooking  of  Potatoes, — ^The  skins  should  not  be  taken  off,  or  a  large  amount 
of  salts  passes  into  the  water ;  using  salt  water  is  a  good  plan,  as  fewer  of 
the  salts  then  pass  out.  The  boiling  must  be  complete,  as  the  starch  grains 
are  otherwise  undigested,  and  it  must  be  slow,  else  the  cellulose  and  pro- 
teids  are  hard.  Steaming  potatoes  'is  by  far  the  best  plan ;  the  heat  must 
be  moderate ;  the  steam  penetrates  everywhere,  and  there  is  no  loss  of  salts. 

Preservation  of  Potatoes. — Sugar,  in  the  form  of  molasses,  is  the  best  plan 
on  a  large  scale  ;  a  cask  is  filled  with  alternate  strata  of  molasses  and  peeled 
and  sliced  potatoes.  On  a  small  scale,  boiling  the  potatoes  for  a  few  minutes 
will  keep  them  for  some  time.  Free  exposure  to  air,  turning  the  potatoes 
over  and  at  once  removing  those  that  are  bad,  are  useful  plans.  ^ 

The  preserved  potatoes  are  sliced,  dried,  and  granulated,  and  when  well 
prepared  are  extremely  usef uL 

The  Sweet  Potato  and  the  Yam  are  somewhat  similar  to  the  ordinary 
potato,  and  form  good  substitutes  when  potatoes  cannot  be  obtained.  They 
are  very  rich  in  salts,  and  are  therefore  excellent  anti-scorbutics. 

Sub-Section  II. — Other  Vegetables. 

The  composition  of  Carrots  and  Cabbage  has  been  already  given.  The 
composition  of  the  other  kinds  of  vegetables  is  similar. 

Some  vegetables  contain  special  ingredients,  such  as  asparagin  in  aspara- 
gus (a  small  amount  is  also  contained  in  potatoes),  wax,  pectin,  which  is  a 
little  more  oxidised  than  starch  or  sugar ;  or  peculiar  oils  and  savoury  or 
odoriferous  matters. 

On  account  of  their  volatile  oils,  the  onion  tribe  are  largely  used ;  they 
are  a  capital  condiment,  and  have  an  effect  as  an  anti-scorbutic.  They 
contain  some  citrate  of  calcium. 

There  are  many  vegetables  which  can  be  employed  as  anti-scorbutics 
besides  potatoes,  onions,  and  green  vegetables.     The  wild  artichokes  and 

1  Baum^'s  or  Twaddell's  hydrometers  are  the  best  for  the  purpase. 

3  In  the  Crimean  war  there  was  a  considerable  loss  of  potatoes  sent  up  to  Balaclava,  and 
at  a  time  when  the  men  were  mOst  in  need  of  them.  The  addition  of  sugar  to  the  raw  pota- 
toes might  have  been  made. 
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Agave  americana  (cactus)  are  both  excellent  anti-scorbutics,  and  the  latter 
is  said  to  be  better  than  lime-juice.  Sorrel,  and,  in  a  less  degree,  scurvy- 
grass  and  mustard  and  cress,  are  useful.  In  New  Mexico  a  salad  made  of  the 
"lamb's  quarter"  (Chenopodium  album)  has  been  foimd  very  useful.^ 

In  war  almost  any  kind  of  vegetables  may  be  used  rather  than  that  the 
troops  should  be  left  without  such  food.  In  one  of  the  Kaffir  wars,  an 
African  corps  kept  free  from  scurvy  by  using  a  sort  of  grass  (?)  in  their 
soup. 

The  dried  vegetables,  and  especially  the  dried  potato,  have  considerable 
anti-scorbutic  powers  (Armstrong).^  The  dandelion  was  largely  used  in  the 
French  army  in  the  Crimean  war.  The  American  Indians  put  up  for  winter 
quantities  of  dried  plums,  buffalo  berries,  and  choke  berries,  and  thus  escape 
scurvy.* 

If  vegetables  cannot  be  procured,  lime-juice  ought  to  be  given ;  or  citric 
acid,  or  citrate,  tartrate,  and  lactate  of  potassium.  These  can  be  carried  as 
lozenges. 

SECTION  XII. 

COW'S   MILK 

A  cow  gives  very  variable  quantities  of  milk,  according  to  food  and  race, 
and  age  of  the  calf ;  perhaps  20  to  25  pints  in  twenty-four  hours  is  the 
average  for  the  year ;  but  with  poor  feeding  it  will  fall  much  below  this ; 
occasionally  a  cow,  soon  after  calving,  will  give  50  pints,  but  this  is  not 
common.     A  goat  will  give  6  to  8  pints. 

Sub-Sbotion  I. — Milk  as  an  Akticlb  of  Diet. 

Milk  contains  all  the  four  classes  of  aliment  essential  to  health.  Being 
intended  especially  for  feeding  during  growth,  the  proportions  of  nitrogenous 
substances  and  fat,  as  compared  to  sugar,  are  large. 

For  the  average  composition  of  good  milk,  see  table,  p.  250. 

In  addition  to  casein,  a  small  quantity  of  true  albumin  remains  in  solu- 
tion after  the  casein  has  been  thrown  down ;  and  there  is  also,  according  to 
Millon,*  another  proteid  substance,  which  he  calls  lactoprotein.  In  cow's 
milk  the  amount  of  albumin  is  said  to  be  5*25  grammes  per  litre ;  the 
amount  of  lactoprotein  is  much  smaller,  but  has  not  been  precisely  de- 
termined.^ 

The  amount  of  salts  varies  from  0*5  to  0*8  per  cent.,  but  seldom,  if  ever, 
exceeds  1  per  cent.  The  usual  average  is  about  0*7  to  075.  This  is  of 
importance  in  the  detection  of  adulteration  by  salts. 

1  MiLf  Med,,  and  Surg.  Essays  prepared  for  the  U.S,  Sanitary  Com,,  1864,  p.  202.  This 
carions  name  is  said  to  he  given  to  Atriplex patula.  on  account  of  its  blossoming  about  the 
1st  August,  ft-om  Lammas  quarter  (Palmer's  ^'olk  Mymoloffyy  quotinj^  from  Prior). 

>  Naval  Hygiene,  p.  112.  In  the  American  war,  however,  the  anti-scorbutic  effects  of  the 
dried  vegetables  were  not  found  to  be  very  great.  Dr  de  Chaumont  found  that,  in  a  sound 
raw  potato,  the  amount  of  free  and  combined  acid  (reckoned  as  citric)  was  0*5403  per  cent.; 
and  that  in  the  preserved  potato  used  in  the  Arctic  Elzpedition  (1875-76)  it  was  1*085  ;  or  in 
the  ratio  of  1  to  2*4.  From  this  we  find  that  7  ounces  of  the  preserved  potato  contained  the 
equivalent  of  31}  gndns  of  citric  acid,  or  1  ounce  of  navy  lime-juice.  The  ration  usually 
issued  (2  to  4  ounces)  is  therefore  too  small,  unless  other  anti-scorbutics  be  given.  (See 
Report  of  Committee  on  Scurvy,  Appendix,  xiiL  365). 

*  Hamilton's  Mil  Surg,,  p.  212. 

«  Comptes  Rendus,  t  lix.  p.  890. 

0  Ck)mmaille  (Comptes  Rendus,  Nov.  9, 1868)  found  creatinin  in  some  putrid  milk,  derived, 
he  thinks,  from  creatin.  He  admits  also,  after  Lefort,  that  there  is  a  little  urea.  He  found 
also  some  oiganic  acids,  the  nature  of  wmch  is  doubtful. 
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Milk  is  very  largely  used  in  some  countries,  especially  in  India  and 
Tartary,  where  the  use  of  the  koumiss,  prepared  ^om  mare's  milk,  has  been 
supposed  to  prevent  phthisis.  This  fermented  drink  is  now  also  prepared 
from  cow's  milk,  and  largely  used  in  this  country. 

Milk  varies  in  quantity  and  composition  according  to — let,  the  age  of  the 
cow ;  2nd,  the  number  of  pregnancies,  less  milk  being  given  with  the  first 
calf  (Hassall) ;  3rd^  the  age  of  the  calf,  being  at  first  largely  mixed  with 
colostrum;  ith,  the  kind  of  feeding,  beet  and  carrot  augmenting  the 
sugar ;  ^  5th,  and  remarkably  according  to  the  race,  some  cows  giving  more 
fat  (as  Aldemeys),  others  more  casein  (as  the  long-horns).  The  last  portion 
of  the  milk  given  in  milking  is  richest  in  cream  (Hassall). 

Wanklyn  states  that  the  proportion  of  solids  is  more  stable,  and  never 
falls  below  11  '5  per  cent.  In  Sweden,  the  milk  of  a  herd  of  cows  being 
analysed  daily  for  a  year,  the  solids  never  fell  to  1 1  '5,  and  only  four  times  to 
12  per  cent.  (Wanklyn). 

Vieth  {Analyst,  vols,  xiv.,  xv.)  has  made  a  large  number  of  observations, 
and  gives  the  average  of  total  solids  as  12*8  or  12*9  :  he  finds  the  "solids 
not  fat "  hardly  ever  fall  below  9  per  cent.  Dr  Bell  considers  the  mini- 
mum  should  be  placed  at  8 '5. 

The  goat's  milk  is  rather  richer  in  solids  (14 '4  per  cent — Paycn),  and 
contains  also  a  peculiar  smelling  acid  (hircin  or  hircic  acid).  Specific 
gravity,  1032-1036. 

Ass's  milk  is  rather  poorer  in  solids  (9*5  per  cent. — Payen).  This  is 
owing  to  a  small  amount  of  casein  and  fat ;  it  is  rich  in  lactin.  The  specific 
gravity  varies  from  1023  to  1035.  Buffalo  milk  is  richer  in  all  the  in- 
gredients. 

Mare's  milk  is  extensively  used  in  a  partly  fermented  condition,  under  the 
name  of  koumiss,  both  as  a  food  and  as  an  intoxicating  beverage,  by  many 
tribes  of  the  South-Eastem  Steppe  country  of  Russia. 

The  following  analysis  of  Russian  koumiss  will  give  an  idea  of  its 
composition : — 

Analysis  of  Koumiss.^ 


Acid,  as  Lactic, 

1-96 

Casein, 

211 

Sugar, 

0-40 

Fat,     . 

1-10 

Alcohol, 

2-12 

Ash,    . 

0-34 

Water, 

91-97 

Total, 


100-00 


Taking  the  total  solids  of  cow's  milk  at  13*2  per  cent,  (specific  gravity 
1030),  one  pint  (20  ounces)  will  contain,  in  round  numbers — 


Casein, 
Fat,  . 
Lactin, 
Salts,  . 


850  grains 
324      „ 
420      „ 
61      „ 


Total,  1156      „ 

This  is  equal  to  about  2^  ounces  avoir,  of  water-free  food. 

1  Some  o])servation8  of  Dr  Subbotin  (Virchow's  Archivj  Band  xrxvi.  p.  561)  on  the  milk  of 
bitches  »how  a  marked  effect  by  food  :  the  fat  was  much  increased  by  meat ;  the  casein  was 
less  affected  ;  a  large  quantity  of  fat  greatly  lessened  the  secretion. 

>  Analyses  and  AduUeratton  of  Foods ^  by  James  Bell,  Ph.D. 
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To  give  23  ounces  of  water-free  food  (or  one  day's  allowance  for  an  adult), 
iilxjut  9  pints  of  mi!k,  of  specific  gravity  1030,  are  necessary.  For  an 
advilt  this  would  be  far  too  much  wat^r,  and  the  prot-eid;?  and  fat  would  he 
ill  great  excess.  But  for  the  rapid  formation  and  elimination  of  the  youngs 
the  water  and  fat  are  essential.  It  is*  a  question  whether,  in  old  age,  large 
quantities  of  milk  might  not  be  a  remedy  for  failures  in  tissue  foimation  and 
elimination* 

Compomtion  of  Cream. — ^Cream  varies  considerably  in  its  composition. 
From  a  very  large  number  of  analyses^  Vieth  has  fomid  the  fat  to  average 
between  43  and  47  per  cent. 


8db-Section  IL  ^Alterations  of  Milk* 

The  cream  rises  in  from  four  to  eiglit  hours  ;  it  is  hastened  by  warming  the 
milk,  but  its  quantity  is  not  increiised.  The  centrifugid  apparatus  now  in 
use  removes  all,  or  nearly  all  the  cream  in  a  few  minutes. 

Milk  alters  on  standing  ;  it  absorbs  oxygen^  and  gives  off  COg ;  placed  in 
ttnitact  with  a  vobmie  of  air  greater  than  its  own  bulk,  it  absorbs  all 
the  oxygen  in  three  or  four  days  (Hoppc-Seyler),  The  CO.,  is  formed  at  the 
expense  of  the  organic  matter  (probably  casein— Hoppe-Scyler),  and  bodies 
Bcher  in  carbon  and  hydrogen  are  formed ;  fat  increases  in  amount^  and 
oxalic  acid  is  said  to  be  formed. 

Siibseqaently  hictic  acid  is  formed  in  large  quantities  from  the  lac  tin  ;  the 
milk  Itecomes  turbid,  and  finally  casein  is  depositeiL  The  cream  which  had 
previously  risen  to  the  surface  disappears. 

Milk  given  by  Dutmed  Cows. ^ Milk  from  diseased  animals  soon  de- 
compiisea ;  it  may  confaiin  colostrum,  or  heaps  of  granules  collected  in 
roundish  masses,  pus  cells,  or  epithelium,  and  occixsionally  blood.  It  then 
soon  becomes  acid,  and  the  microscope  usually  detects  abnormal  cell  forms, 
and  casts  of  the  lacteal  tubes. 

In  cattle  plague^  it  is  said  by  Husson  that  the  lactin  lessens,  while 
the  nitrogenous  matters  are  increased,  and  bk«od  and  aggregated  granules  are 
seen  under  the  microscope^  In  foot-and-mouth  disease  the  specific  gravity 
rapidly  falls  (frt>m  1030  to  1024),  though  this  is  not  invariable;  there  are 
granular  heaps  under  the  microscope,  and  often  blood  or  pus  cells  ;  ilr 
M 'Bride  says  pus  can  be  fomid  for  a  month  after  recovery.  Bavteritt  and 
small  oval  and  round  cells  are  common.^  The  milk  sometimes  coagulates  on 
bcjiling.  • 

In  bovine  tuberculosis,  during  the  early  stages^  the  quantity  is  sometimes 
increased  :  it  contains  an  excess  of  water  and  alkaline  salts,  wliile  deficient 
in  fat,  sugar,  and  proteids* 

Sub-Skction  III. — Preservation  of  Milk. 

1.  If  the  mOk  he  boiled,  tlie  bottle  quite  filled,  and  at  once  corked  up  and 
well  sealed,  it  lessens  in  bulk,  and  a  vacuum  is  formed  above.  It  will  keep 
for  eome  time,  A  little  sugar  aids  tlie  preservation.  If  the  heat  is  carried 
in  a  close  vessel  to  250°  Fahr.,  the  milk  is  preserved  for  a  long  time,  oven 
for  years  J  the  butter  may  separate,  but  this  is  of  no  consequence. 

2.  Sulphur  dioxide  passed  through  it,  or  stadium  sulphide  added.  Tim 
may  be  done  after  boiling, 

3*  A  little  sodium  carbonate  and  sugar  added,  with  or  without  boiling. 
This  will  keep  for  ten  days  or  a  fortnight 

1  Figurwt  of  tli«  tnic  rose  epical  appeaninec^  are  givou  tii  iiomo  very  good  pftj^ers  on  tlie  sab* 
ject  in  the  Brituh  Mttiicni  Journal,  Oct  1869. 
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L  The  addition  of  salicylic  acid,  Iwrnx,  boracic  acid,  or  boroglycerfde 
(Barft's  p<ik*nt) :  but  thh  plan  is  not  recommended. 

In  the  market  are — milk  in  tins,  preserved  In  the  usual  way  by  exclusion 
of  air,  I'oncentrated  milk  mixed  with  sugar,  imd  desiccated  or  dried  milk. 
This  last  is  milk  carefidly  dried  at  a  low  t-emperature,  with  a  little  sugan 
Dissolved  in  water,  it  f^srnis  an  excellent  milk. 

The  preserved  Hqiiid  milk  often  ha^  tlic  hotter  separated  ;  if  so,  it  may  be 
spread  on  bread.  It  is  not  easy  to  remix  it  with  milk,  but  it  is  said  that 
the  separation  may  he  prevented  by  adding  a  little  yoke  of  egg. 

Sub-Sbotion  IY, — Effects  of  Bad  Milk. 

Tuherculo&is  in  Cows, — It  is  now  known  that  tuberculosis  can  be 
mitted  from  th*?  cow  to  other  animals  tlirougli  milk^  that  it  is  a  disease  very 
prevalent  amongst  cuws,  and  that  it  is  the  ^ame  disease  as  in  the  human 
Bpecies.  There  is  also  some  e^ddence  to  show  that  tuberculosis  may  be 
transmitted  from  the  cow^  to  iimn.  Professor  Walley  stitt*d  at  Glasgow  in 
1888  that  he  had  himself  lost  a  cliild  from  mesenteric  tuberculosis,  under 
eueh  conditions  a^  to  i>oint  to  milk  iis  the  source  of  infection^  and  tliat 
within  the  past  few  years  he  knew  of  another  child  that  had  died  in  a 
similar  manner  :  doubtless  other  instances  could  be  related.^ 

Fmt-and'MoutJi  Disease, — There  lias  l>een  much  discussion  whether  the 
milk  from  foot-and-mouth  disease  in  cows  (Eczema  epizodtica)  can  cause  affec- 
tions of  the  mouth,  or  give  rise  in  human  beings  to  any  disease  similar  to 
that  of  cattle.  Pigs  mn  certiunly  get  the  disease  from  the  milk  of  the  cow  j 
sheep  and  hares,  which  also  have  the  disease,  perhaps  get  it  from  the  saliva 
on  herbage.  In  men  the  evidence  is  discordant^  and  in  a  great  measure 
negative  ;  ^  still  there  arc  some  striking  cases,  which  seem  suMcient  to  prove 
that  dise^ise  of  the  mouth  (aphtlious  ulceration,  general  redness,  diphtheritic- 
like  coating,  swollen  tongue),  and  sometimes,  tliough  rarely,  an  affection  of 
the  feet  may  occur. ^  Rome  positive  evidence  has  lieen  adduced  by  Profesaor 
M*Bride,^  Gooding,*  Hislop^**  Latham,^  and  Briscoe,® 

A  remarkable  outbreak,  which  took  place  in  Aberdeen  in  April  1881,  haa 
been  recorded  by  Dr  Bevcridge.  The  symptoms  were  febrile,  and  seem  to 
have  resemhled  those  of  foot-and-mouth  disease,  A  marked  feature  in  tlie 
illness  was  subsequent  enlargement  of  the  lymphatic  glamk  of  the  neck. 
The  cases  were  liinited  to  the  area  of  a  particular  milk  supply,  88  per  cenL 
of  the  families  using  the  milk  being  attacked.^ 

In  1884,  at  Dover,  there  suddenly  broke  out  an  epidemic  of  Bore  throat, 
with  vesicular  eruption  of  the  throat  or  li[ts,  enlarged  tonsils,  and  in  moet 
cases  also  enlargement  of  the  glands  nf  the  neck.  The  symptoms  resembled 
the  aphthous  fever  of  cattle,  or  foot-and-mouth  disease.     There  w^ere  205 


I  Ji.MJ.,  ISaS,  ii,  p.  411,     See  (hi  Binniw  Tub^tfc\ami$  in  Man,  Dr  C.  Creigbton. 

»  See  Dr  Thorne'a  paper  in  the  Hcporl  of  ike  Malical  O0cer  to  the  Privy  Council,  p.  291, 
Aiid  Mr  Simon'a  remarks  on  it»  p.  S2,  Al«o  Report  on  Hygiene,  Army  Afed.  Reports, 
voL  jc.  p,  223.  Mr  Lawaod  T&it's  negntire  evidencd  ag&inst  it  la  exceedingly  Rtrong  {MttfittU 
Tim'-  '  ■  '  ^'-'-j-fU,  October  1869);  the  dueane  was  all  roaud^  luid  the  millc  was  usckI,  ytjt  not 
aciji  which  coiild  bo  referred  to  it.    Sec  also  Wbitmore's  evidence  in  Mnrylvbonoj 

{Bi>  "IJoH  null,  (krt.  1S69). 

*  A  ciu>c  of  the  foot  being  involved  is  recorded  by  Mr  Amyot  (Med.  Tima  ami  Oasette^  1 
Nov.  4. 1871). 

*  Brii.  Med,  Joumrtl^  Nov.  13,  1869.     An  anonymous  MTiter  in  the  sitme  Journal^  Sept,  I 
1809,  ftddueeft  idao  «  few  doubtful  coses  {p.  327),  thongh  bis  evidence  b  othcdrwise  ne^tivc 

*  Mfdkaf.  Timn  and  Goj^elte^  Jan.  187i 

«  Kdin.  Mfd.  Jonriml,  Nov.  1868,  ^  British  Mtdic<^  JoutTuad,  Miy  1872. 

«  /f..irX,Oct,  1872. 

*♦  .San  iiarif  Bccofdf  vol.  il  new  series,  p.  425. 
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in  one  week,  all  supplied  with  milk  from  one  dairy,  but  living  in 
different  parts  of  the  town,  mid  witli  no  other  common  condition  Imt  that 
of  tjiilk  suppiy.  Foot-and-mouth  disease  cxLst43d  at  one  of  the  farms  from 
which  this  dairy  derived  its  niilk.^ 

A  peculiar  disease  has  several  times  pi-evailed  in  the  Westeru  States  of 
America,  which  is  caused  by  the  unboUed  {not  by  the  b<3iled)  Bulk  of  cows 
affected  with  tlie  "  trembles/*  which  is  supposed  to  be  produced  by  the  cows 
feeding  on  Bhm  Toxicodtmdron.  In  children  wbo  get  this  milk-sickness, 
there  is  extreme  weiikness,  vomiting,  fall  in  bodily  temperature,  s^vollell  and 
dry  tongue,  and  constipation.  Boiling  aj^peiirs  to  remove  the  hurtful  quali- 
ties of  the  milk,^  Cases  of  severe  ditirrhoea  have  occuiTed  from  the  use  of 
milk  from  goats  that  had  fed  on  Euphorbiuvi;  this  has  been  observed  at 
Malt,'u 

Zymotic  I}isea^es, — Milk  may  also  be  a  means  of  conveying  the  poisonB  of 
enteric  fever,  of  scarlet  fever,  of  diphtheria,  and  of  cholera.  In  tlie  first,  it 
has  probably  usually  arisen  from  the  watering  of  the  milk  with  impure 
water  containing  the  agent,^  or  frtjm  the  use  of  foul  water  in  washing  out 
the  milk  vessels ;  but  it  may  possibly  have  in  some  casejs  arisen  fi'om  the 
enteric  effluvia  being  absorbed  by  the  milk.  The  scarlet  fever  and  diph- 
theria ixtisons  have  probably  got  into  the  milk  from  the  cuticle  or  throat 
discharges  of  pei'sons  affected  with  those  diseases,  who  were  employed  m  the 
dairy  while  ill  or  convalesceut  But  the  recent  investigations  by  Power  and 
Klein  seem  t<*  show  that  cows  are  liable  to  a  diseiise  wliich,  although  com- 
panitively  mild  as  regartls  the  anijual  itself,  is  capaljle  of  communiciiting 
scarlatina  to  man.  Klein,  by  means  of  careful  cultivations,  has  shown  that 
the  7fiitroo>cci  found  in  such  milk  are  prolialvly  identical  with  those  found  in 
scarlatina,  and  that  they  may  be  capable  of  exciting  the  disease  in  animals.* 
There  seem  jdso  grounds  for  believing  that  milk  may  be  the  means  of  trans- 
mitting  diphtheria  from  diseased  cows,  apart  from  direct  contamination  from 
human  beings.  Mr  Ernest  Hart,-^  in  1881,  collected  and  ttdjulated  50  epi- 
demics of  enteric  fever,  15  of  scarlet  fever,  and  7  of  diphtheria,  which  were 
traced  to  milk  poisoning :  a  continuation  of  this  series  has  been  matle  by 
Burgeon  A.  M,  Davics ;  he  has  tal>ulak'rl  1 9  epidemics  oi  enteric  fever,  18 
of  scarlet  fever,  and  7  of  diphtherisi,  all  of  which  were  due  to  the  same 
cause.^ 

l>r  Simpson,  Health  Officer  for  Calcutta,  gives  tlio  particulars  of  an  out- 
break of  cholera  and  cholertiic  iliarrha?ii  on  Ixiard  the  ship  **  Ardenclutha," 
lying  off  Calcutta,  resulting  in  9  ciises  and  4  deaths,  in  \vhich  the  poison 
seemed  undoubttKlly  Uj  have  been  convoyed  through  milk.  Of  the  crew 
of  this  ship  those  who  drank  milk  brought  by  a  particular  native  milk* 
man  all  (with  one  dou!)tful  exception)  suffered.  The  milkman  was  traced, 
and  found  to  live  near  a  tank  into  which  dejecta  from  a  cholera  fMitient 
found  access;  and  be  confessed  to  habitually  diluting  bis  milk  with  one 
quarter  water  from  tJiis  taidc  All  other  likely  causes  were  inquired  into 
and  negatived  before  this  apparently  clear  causative  connection  was  dis- 
covered," 


I  BMJ.,  1884,  i.  p,  027, 


*  Bmlon  Mfd.  avd  Sutff,  Jmimal,  Jantmry  1868,  anil  Transaeiiimt  qf  the  Kentucky  Siatt 
Medicifu  Society,  qnoUni  in  Medical  Tim^i  and  Oazi'tt^.     There  havetweu  maay  mstancea  in 

Bnturj%  and  they  hAve  all  Ik«u  uolketeil  by  Hirftch. 

( hi/  Sir  W,  Ilftrvq/  to  (he  L<Kftf  Gotrmrnent  Board  tm  Feecr  at  Sicnnage  in 

"^TectariB  to  the  Royal  Institntion,  bv  E.  Rlein,  F.R.S.,  May  1887  ;  alaoPrw.  Rinf-  Soe,  and 
£oc.  Gov,  Board  lUporU  for  18S7  aad  1888* 

*  TrattiaeiitmM  ttfthe  inUmaii/mat  M&iicai  Canytcn^i^  voL  iv.  p.  3&1. 

*  Prwimud  Mtd.  Jouninf,  July  3889.  *  Pn*e(iiianer.  xxxit.  (1887).  P^  lU. 
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A  new  poison,  a  ptomaine,  has  been  discovered  by  Professor  Yaiighan  of 
the  Univcmty  of  ^^liebigon,  U.S,^  As  it  was  originally  found  in  cheese,  he 
gave  it  the  name  of  Tyrotoxicon,  or  cheese-poison.  He  has  since  foimd  it 
in  milk  that  had  been  kept  a  considerable  time  (three  or  more  months).  It 
would  thus  appear  that  i^ome  time  is  neeeasaiy  before  its  development,  but 
it  has  been  found  in  marked  quantity  in  ice  cream,  and  is  probtibly  the  cause 
of  many  of  the  cases  of  jKiisoning  by  that  article  which  are  on  record. 

Surgeon  R.  H.  Firth  relates  an  instance  of  poisoning  among  troops  at 
Miaii-mir  in  1886,  whleh  was  traced  Ui)  the  drinking  of  some  milk  that 
had  apparently  been  kept  in  a  dirty  pan :  he  considered  this  to  be  due  to  a 
ptomaincj  whicli  he  isolated  and  named  lacU>t^»xine.^ 

Professor  Mosler  ^  has  directed  attention  to  the  poisonous  effects  of  **  bluo 
milk/'  *  that  is  to  say,  milk  covered  with  a  layer  of  blue  substance,  whicli  is 
in  fa^-^t  a  futu/n^j  either  iJidtum  lactin  or  FemnlliuTn,  which  seeuis  to  have 
the  power,  in  certjiin  conditions,  of  causing  the  appearance  in  the  milk  of 
an  aniline-like  subfitance,^  Milk  of  this  kind  gives  rise  to  gastric  irritation 
(first  noted  by  Steinhof ) ;  and,  in  lour  cases  mentioned  by  Mosler,  it  pro- 
duced severe  febrile  gastritis. 

Milk  which  is  not  blue»  but  which  contains  large  quantities  of  Oidium^ 
appears  from  Heaaling*s  observations  ^  to  produce  many  dyspeptic  sj^nptoms, 
and  even  cholera-iike  attaek.s,  iis  well  as  jMiissibly  to  give  rise  to  some  aph- 
thous affections  of  the  mouth  in  children. 

Milk  contaminated  with  pus  from  an  inflamed  udder,  or  an  abscess  on  the 
udder,  will  give  rise  to  stt»matitis  in  children^  and  t*y  aphthse  on  the  mucous 
membrane  of  the  lips  and  gumsJ 

K  SECTION  XHl. 

m  BUTTER 

As  an  article  of  diet,  butter  supplies  to  most  people  the  largest  amount 
of  fat  which  they  take.  Many  persons  take  from  1 J  to  2  oz.  daily,  if  the 
bnttijr  used  in  cooking  be  included,  -md  the  average  amount  for  persons  in 
easy  circvimstances  is  1  oz.  daily.  Buttc^r  appears  to  be  easily  digested  by 
most  persons,  except  when  it  is  becoming  rancid*  It  then  causes  dyspepsia 
and  tliarrhcBaj  and  as  a  rule  it  may  be  said  that  decomposing  fats  of  aU 
kinds  disagree. 

Composition  and  Examination. 

1.  Water. — The  average  amount  of  water  varies  from  8  to  12  per  cent., 
but  may  l>e  higher,  even  in  genuine  butter,  although  this  is  not  usuaL 
Hassall  hiis  found  as  much  as  15|  percent,  in  fresh,  and  28  J  per  cent,  in  salt 
butter.  Dr  Bell  records  as  much  as  20-75  per  cent  of  water  in  a  genuine 
sample ;  there  was,  however,  3*82  of  siUt  present.     The  retail  dealer,  by 

1  Mtptrrt  Q/Mu^higan  State  Board  qf  Health ;  see  also  Analytic  Nov*  and  Dec.  1886. 

«  Practiii/mer,  1887,  p.  75. 

»  VtTtibow*8  Atthiv,  Baml  xliiL  p.  161  (1.S6S). 

*  Blue  nnik  %»  givi^ri  I>y  fetKling  cows  witli  (tome  vegetablo  labBtanoee,  as  MifO»oiU  peUustrU^ 
J*oti/ytn'  '  h<piffMmfMertuTialU  perennis,  And  oihiet  pUxktBihiouer);  bot 
this  in  li                                    ^  4our  referred  to  above. 

s  £r(!i>         ,  /^^.  CA^rrt,^  xcix.  p.  385t  quototi  by  Mosler)  liiLidiMOvered  that 

isUtritrties  hnfv  tlitf  |K*wci  ol  proOucing  aniline  colouring  mntUT  from  proteiti  substnacea. 

•  VircUow*8  Arc/tiv^  Band  ijtiv.  p,  561.  Se«  also  Kejtort  on  Hygivtie,  Armjf  Medioai 
Jlmtyrt,  vol  vi.  p.  386. 

f  S«t9  a  good  caM  by  Dr  Fogon  (Sritiah  Mid.  Journal^  Nov«  13,  X869>t 
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beating  up  the  butter  in  water,  endeavours  to  increase  the  amount.  This  can 
be  detected  by  evajjoration  in  a  water  bath  ;  if  the  quantity  of  water  be  very 
large,  melting  the  butter  wiU  show  a  little  water  below  the  oil.  An  unusu- 
ally small  amount  of  water  is  auBpicious  (Angell),  as  suggestive  of  the 
presence  of  foreign  fat. 

2*  CaseiTi, — -Ml  butter  eontaine  some  casein,  as  some  milk  is  taken  up 
with  the  cream.  The  Ijest  butter  contains  least  The  amount  can  be  told 
roughly  by  melting  in  a  test  tube.  The  casein  collecting  in  thn  bottcmi 
does  not  exceed  one-third  of  the  height  of  the  contents  of  the  tube  in  the 
best  butter,  or  between  one-tliiid  and  one- half  in  fair  butter.  In  Ixid  butter 
it  may  reach  to  more  than  this.  A  better  plan  is  dissolving  the  fat  by 
ether,  washing  and  then  weighing  the  remainder ;  the  casein  then  weighs 
from  O'D  to  3  grains  in  every  100  of  very  good  butter.  In  Ijad  butter  it  is 
much  more  than  this. 

The  rancidity  of  butter  is  chiefly  owing  to  changes  in  the  fat,  protluced 
apparently  by  alterations  in  the  ca&ein,  and  therefore  the  greater  amount  of 
casein  the  more  the  chance  of  rancidity, 

3,  Fat. — ^The  fat  amoimts  U:>  from  84  to  90  per  cent,  of  the  butter.^ 
Butter  oil  consists  of  volatile  fatty  aeids  (hntyric,  caproic,  caprylic,  and 
capric)  and  of  non-volatile  acids  (steiiric,  palmitic,  and  oleie),  all  combined 
with  glycLiin,  In  examining  it,  the  butter  should  be  melted  in  a  beaker- 
glass  placed,  in  hot  water,  and  the  fat  should  be  poured  off  the  casein,  and 
allowed  to  coob  It  then  forme  a  solid  and  usualiy  yellow  mass,  ivith  tlie 
characteristic  smell  of  butter,  and  should  be  further  examined  as  follows :— - 
(a)  Smeit^  taste,  and  colour  of  this  recon^ealed /at. — The  smell  and  taste 
are  very  characteristic,  and  viith  a  httle  care  the  quality  of  butter,  and  even 
the  presence  of  some  adulterations,  such  as  muttc*n  fat^  can  be  determined. 
The  colour  is  usually  yellowish  white;  other  fata  are  white,  but  annatto 
may  be  used  for  colouring  them,  or  true  butter  may  be  white,  so  that  the 
colunttion  is  not  a  safe  test. 

(h)  Ejcamine  tlie  rccoti^ealed  fat  icitk  the  micrmcoj^, — Butter  shows  nothing 
but  oil  globulejs ;  lard  and  other  fats  often,  but  not  always,  contain  acicidar 
and  stellate  crystals  of  margaric  (really  a  niLxtui-e  of  i>almitic  and  oleic)  and 
stearic  acids,  as  pointed  out  by  Hassall.  Starch  and  other  impurities  may 
be  sometimes  seen,  and  tinged  by  iodine.  The  ctvsein  left  after  tlie  fat  has 
been  jwured  off  should  be  also  examined,  and  starch,  membrane,  or  other 
impurities  luay  be  seen  in  it  The  polariscope  may  be  used  to  bring  out 
more  strongly  the  stellate  stearic  acid  crystals,  if  present.  Angell  an*l 
Hehner  point  out  that  even  genuine  butter  sometimes  shows  crystals  after 
melting  and  recongealing ;  they  therefore  think  the  presence  of  crystals 
ground  for  apprehension  only,  showing  no  more  than  that  the  fat  has  been 
melted, 

{c)  Determine  the  melting-point  of  the  fat  after  Mparaiton  from  the  casein* 
— Some  of  the  fat  should  be  put  into  a  wide  tube,  and  placed  in  an  evaporat 
ing  disli  with  water ;  a  thermometer  should  be  in  the  w^ter  and  another  in 
the  fat  Raise  the  temperature  of  the  wat^r  very  gradually ;  remove  the 
lamp  from  time  to  time,  so  that  the  temperature  of  the  fat  may  rise  slowly. 
Note  the  t^^mperature  when  it  begins  to  melt ;  when  it  is  completely 
melted  ;  and  when  (after  removal  from  the  warm  water)  it  begins  to  reion- 
gea]^  and  becomes  quite  solid.  The  melting-points  are,  however,  not  con- 
stant, owing  to  the  variable  amounts  of  steajrin  and  olein  and  the  volatile 
fatty  acids,  but  still  they  nm  within  tolerably  narrow  limite. 

>  Dr  Ben  giviss  iko  liiaita  u  from  78  to  90  per  ceot»  in  pure  butter  {AmaljfMiM  qf  Foods^  ii 
p.  47). 
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The  temperature  when  the  fat  is  completely  melted  appeared  to  be  the 
most  marked  point  in  Dr  Parkes'  experiments.  The  butter  oil  is  meet 
easily  melted,  and  requires  the  greatest  amount  of  cooling  before  recongeal^ 
ing;  usually  there  is  a  diflference,  often  12'  to  15',  between  the  points  of 
commencing  and  completed  fusion.  The  determination  of  the  melting-point 
is,  however,  certainly  more  useful  in  proving  that  the  butter  has  only  slight 
admixture,  than  in  proving  complete  purity,  i.e.,  the  presence  of  a  sinall 
quantity  of  lard  or  beef  dripping  would  not  raise  the  melting-point  suffi-^ 
ciently  for  detection.  In  the  case  of  beef  dripping,  also,  the  melting-point 
is  rather  close  to  that  of  butter. 


Temperature  of  Melting  and  Solidifying  {Degrees  Fahr.). 


Fusion. 

SoUdlficatlon. 

Commencing. 

Completed. 

Commencing. 

Completed. 

Butter  oil,       . 

Lard,       .... 

Beef  dripping, 

Mutton  dripping,    . 

Palmoil,» 

Degrees. 

65-68 

76-80 

68-85 

86-100 

81-92 

Degrees. 

80-90 
100-115 
100-120 
140-150 

no 

Degrees. 
70-80 
90-100 
90-100 
120-130 
88 

Degrees. 
60-821 
71-76 
72-76 
86-92 
69 

{d)  Angell  and  Hehner^  recommend  examining  the  sinking-pointy  by 
means  of  a  little  glass  bulb  weighted  with  mercury  to  3*4  grammes ;  the 
mean  sinking-point  of  24  genuine  butters  was  35** -5  C.  (96*  Fahr.),  ranging 
from  34*'3  C.  to  36*-3  C.  (93*-7  Fahr.  to  97**3  Fahr.).  The  butter  is 
melted  and  poured  into  a  test-tube,  and  allowed  to  cool ;  as  it  cools  a  slight 
conical  depression  appears  on  the  surface ;  this  must  be  rendered  even  by 
remelting  the  upper  part.  If  other  fats  are  present,  the  depression  is  much 
more  marked.  The  tube,  with  the  bulb  on  the  top  of  the  fat,  is  then 
plunged  into  a  larger  beaker  of  water  which  is  gradually  heated,  until  the 
bulb  sinks,  the  temperature  of  sinking  being  noted  by  means  of  a  thermo- 
meter placed  in  the  water.* 

(e)  Another  method,  recommended  by  the  same  chemists,  consists  in  deter- 
mining the  percentage  of  fixed  fatty  acids,  which  seems  to  bo  pretty  constant 
in  butter  fat,  forming  about  87*3  per  cent,  of  its  weight;  about  89  being 
adopted  as  a  maximum  (Bell),  whereas  most  other  fats  give  about  95*5  per 
cent., — the  difference  in  butter  being  made  up  by  volatile  fatty  acids.  The 
plan  employed  is  to  saponify  the  fat  by  boiling  with  caustic  potash  and 
water,  to  decompose  the  soap  with  hydrochloric  acid,  filter  and  wash  with  boil- 
ing water,  and  then  weigh  the  fatty  acids  remaining  imdissolved  on  tlie 
filter.  The  sajwnification  is  much  facilitated  by  commencing  the  process 
with  methylated  spirit,  as  suggested  by  Mr  G.  Turner. 

1  It  is  rare  for  butter  oil  to  be  completely  solid  at  82**,  but  Dr  Parkes  once  found  it  so  in  an 
undoubtedly  pure  butter,  made  during  the  winter  on  a  gentleman's  private  farm.  But  usually 
butter  is  not  solid  till  68**  or  66". 

2  Dr  Camj>l)ell  Brown,  of  Liverpool. 

3  Butter :  its  Analysis  and  Adulterations^  2nd  ed.,  1877. 

■•  Hassall  employs  a  converse  plan,  using  a  float  insteati  of  a  sinker,  the  temperature  at  which 
it  rises  to  the  surface  being  not«i  :  this  generally  occurs  about  2°  C,  or  3*  6  Fahr.  lower  than 
the  sinking-ix)int  above  mentionea.  Other  plans  have  been  proposed  by  Dr  Trij>e,  Mr  Ueischa 
Dr  Redwoo<i,  and  Dr  Bell.  Mr  P.  Duffy  has  iwinted  out  the  curious  fact  that  pork,  mutton, 
and  beef  fats  have  two  or  three  allotropic  conditions,  with  different  melting-points. 
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(/)  The  specific  gravity  of  butter  fats  has  also  been  suggested  by  Dr  Bell 
as  a  good  means  of  determining  purity.  He  melts  the  fat  at  100"  Fahr.,  and 
weighs  in  a  specific  gravity  bottle.  He  shows  that  the  specific  gravity  of 
ordinary  fats  varies  between  902*83  and  904*56,  whilst  that  of  butter  fat 
rarely  falls  below  910,  generally  ranging  between  911  and  913.^ 

4.  Salt  is  added  to  all  butter.  It  preserves  it  by  checking  the  decomposi- 
tion of  the  casein.  In  fresh  butter  it  should  not  be  more  than  0*5  to  2  per 
cent.  (8  grains  per  ounce) ;  in  salt  butter,  not  more  than  8  per  cent.  (35 
grains  per  ounce).  To  determine  the  salt,  wash  a  weighed  portion  of  butter 
thoroughly  with  cold  distilled  water,  and  determine  the  chloride  of  sodium 
by  standard  nitrate  of  silver.  Dr  Tidy  recommends  incineration  and  weigh- 
ing the  residue ;  he  places  the  limit  at  7  per  cent. 

By  this  method  the  amount  of  water,  casein,  oil,  and  salt  will  be  deter- 
mined, and  the  quality  of  the  butter  oil  will  have  been  examined. 

Adulterations, 

Butter  is  supposed  to  be  frequently  adulterated  with  lard,  and  with  beef, 
mutton,  and  horse  fat,  and  with  vegetable  oils.  In  a  process  devised  by 
Mege-Mouri^2  fresh  beef  suet  is  converted  into  a  kind  of  butter  (oleo- 
margarine). But  the  original  process  was  so  complicated  that  it  would  not 
pay  a  dishonest  tradesman  to  do  it,  and  it  could  only  be  practised  on  a  large 
scale. 

A  similar  substance  from  New  York  was  brought  into  the  market  imder 
the  name  of  Butterine.  Oleo-margarine  used  to  be  generally  defined  as  a 
preparation  of  animal  fats,  whereas  animal  fat  beaten  up  with  milk  was 
called  Butterine.  Large  quantities  are  manufactured  in  Holland  and  other 
countries  and  sent  over  to  this  country.  It  appears  to  be  a  wholesome  fat, 
and  as  long  as  it  is  sold  honestly  as  a  substitute  for  butter,  but  not  as  genuine 
butter,  its  introduction  will  probably  be  a  boon  to  many  on  account  of  its 
cheapness.  The  sinking-point  and  the  determination  of  lie  amount  of  fixed 
fatty  acids  would  probably  detect  it  when  sold  for  genuine  butter.  The  Act 
of  1887  has  now  decided  that  the  name  Butterine  shall  be  no  longer  used, 
and  that  all  artificial  butter  shall  be  known  as  Margarine, 

Butter  is  sometimes  adulterated  by  beating  up  with  water ;  this  is  frequent 
in  the  tropics.  It  is  also  sometimes  mixed  with  milk  (Angell  and  Hehner). 
Potato  or  other  starches  are  sometimes  added.  It  is  a  rare  adulteration,  and 
is  detected  by  iodine,  either  at  once  or  after  melting.  Gypsum  and  sulphate 
of  barium  have  been  added,  it  is  said ;  this  must  be  very  rare,  and  can  be 
detected  by  melting  and  pouring  everything  off  the  insoluble  powder,  or  by 
incinerating.     Annatto  is  frequently  used  to  colour  butter. 

Preservation  of  Butter, — Pouring  water  which  has  been  boiled  over  butter 
will  keep  it  for  some  time  ;  but  a  better  plan  is  one  discovered  by  M.  Br^on,'* 
viz.,  water  acidulated  slightly  (3  grammes  to  1  litre)  with  acetic  or  tartaric 
acid,  is  added,  and  the  whole  is  placed  in  a  close-fitting  vessel.  Sugar  also 
has  a  preservative  effect,  especially  when  mixed  with  a  little  salt. 

SECTION  XIV. 

CHEESE. ' 

There  are  many  varieties  of  cheese,  some  being  made  from  milk,  part  of 
the  cream  of  which  has  been  removed,  such  as  Cheshire,  Gloucester,  and 

1  Analysis  of  Foods  ^  by  Dr  James  Bell,  1883.       >  Pharmaceutical  Journal^  Oct  1872. 
3  Payen,  Des  Subst.  Alim.,  4th  ed.,  p.  179. 
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many  American  cheeses.  Dutch  cheese  and  some  of  the  poorer  qualities  are 
made  from  skimmed  milk.  In  America  cheeses  are  also  said  to  be  manufac- 
tured from  oleo-margarine  and  lard.  Cheese  contains  a  very  large  amount  of 
nitrogenous  matter  in  small  bulk,  and  as  it  is  agreeable  to  the  palate^  it 
must  be  an  excellent  food  for  soldiers  in  war.  About  ^  lb  contains  as  much 
nitrogenous  substance  as  1  &>  of  meat  and  ^  lb  as  much  fat.  It  does  not^ 
however,  keep  well  in  warm  climates. 

The  composition  of  some  of  the  more  common  varieties  of  cheese  met  with 
in  this  coimtry  is  as  follows : — 


Analysis  of  Cheese,^ 

100  Parts  cont 

Description. 

Water. 

Fat 

Casein. 

Free  Add 

as 

Lactic. 

Ash. 

American  Red, 
Cheddar  (medium), 
Cheshire, 
Single  Glo'ster, 
Dutch, 

28-63 
35-60 
3711 
35-75 
41-30 

38-24 
31-57 
30-68 
28-35 
22-78 

29-64 
28-16 
26-93 
31-10 
28-25 

0-45 
0-86 
0-31 
0-57 

3-49 
4-22 
4-42 
4-49 
7-10 

The  quality  is  known  by  the  taste.  The  only  adulteration  is  from  sub- 
stances to  give  weight.  Starch  is  chiefly  employed,  and  can  be  detected  by 
iodine.     There  is  usually  about  5  or  6  per  cent,  of  salt. 

Sulphate  of  copper  and  arsenious  acid  are  sometimes  used  to  destroy 
insects ;  the  rind  is  then  the  most  poisonous  part.  Copper  is  detected  by 
ammonia  or  potassium  ferrocyanide.  Arsenic  by  any  test  (Reinsch's  or 
Marsh's).  Sometimes  cheese  becoines  sour,  particularly  if  made  from  sheep's 
milk,  and  may  cause  diarrhoea.  The  occasional  production  of  the  ptomaine 
tyrotoxicon  should  be  remembered  when  poisonous  symptoms  arise. 

Acarus  domesticuSy  Aspergillus  glaucus  (blue  and  green  mould),  and  Spareti- 
donema  casei  (red  mould)  occur  during  decay.  During  decay,  also,  the  fat 
augments  at  the  expense  of  the  casein ;  leucin  is  produced,  and  valerianic 
and  butyric  acids.  Lactic  acid  is  also  often  produced,  from  the  lactin  of  the 
milk  contained  in  the  cheese.  The  aroma  of  cheese  partly  arises  from  tliis 
decomposition,  and  the  production  of  volatile  acids. 

Prof.  Vaughan  of  Michigan,  found  a  poisonous  body  to  be  present  in 
cheese,  which  he  named  Tyrotoxicon,  and  considered  to  be  of  the  natiu-e  of 
a  ptomaine.     It  has  also  been  found  in  milk. 

SECTION  XV. 


EGGS. 

Composition  and  Choice. — An  egg  weighs  from  600  to  950  grains,  or  even 
more;^  the  average  weight  is  about  2  ounces  avoir. ;  10  parts  are  shell,  60 
white,  and  30  yolk ;  the  white  contains  86  per  cent,  of  water ;  the  yolk  52 
per  cent.  ;  100  grains  of  egg,  therefore,  contain  10  grains  shell,  22-8  grains 
albumin  and  fat,  and  67-2  grains  water. 

1  Analysis  and  AdtdtercUion  of  Foods^  by  James  Bell,  Ph.D.,  Part  II.,  pa^e  79. 

s  De  Chaumont  weighed  the  eg£[  of  a  Brahma  fowl  which  weighed  1555  grams,  of  which  112 
were  shell,  or  7*2  per  cent,  a  dinunished  ratio  which  would  naturally  follow  ftom  the  iDcr«aae 
of  bulk. 
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If  an  egg  weighs  2  ounces,  it  contains  nearly  200  grains  of  solids ;  this 
is  a  convenient  oumlier  to  remember,  as  100  grains  corresjHJiid  to  1  oimt:o. 

For  choice,  look  tkrrnigh  the  egg;  fresh  eggs  are  more  transparent  in 
the  centre,  old  ones  at  the  top.  Dissolve  1  ounce  of  salt  in  10  onncc*s  of 
water  ;  good  eggs  sink  ;  indifferent  swim.  Bad  eggs  will  float  even  in  pure 
water. 

^  Preservation. — Eggs  are  packed  in  sawdust  or  salt,  or  are  covered  with 

gum,  butter,  or  oil,  or  placed  in  lime-water,  with  a  little  cream  of  tartar.* 
Boiling  for  half  a  minute  also  keeps  them  for  some  time  ;  in  fact,  anything 
which  excludes  air.     The  lime-water  gives  them,  it  is  said,  a  peculiar  taste, 
and  makes  tlie  albumin  more  fluitL 
J, 
wh 
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SECTION  XYI. 
CONCENTRATED  AND  PRESERYED  FO0D.« 


For  the  military  surgeon  this  subject  is  so  important,  that  it  is  desirabU 
to  put  the  chief  facts  under  a  sepamte  section. 

It  is  obvious  how  important  it  must  be  in  time  of  war  to  have  a  food 
which  may  be  at  once  nutritious,  portable,  easily  cooked,  and  not  liable  to 
dettrioration.  Lindas  -sagacious  mind  long  ago  saw  this,  and  he  strongly 
lu^ed  the  advisability  of  having  on  board  ship  prepared  food  of  this  kind. 
It  must  be  remembered,  however,  that  a  man  must  get  his  260  to  300,  or 
even  350  grains  of  nitrogen,  and  8  to  12  ounces  of  carbon,  in  each  twenty- 
four  liours,  besides  some  hydrogen  and  salts.  The  work  of  the  body  wlieu 
in  activity  cannot  be  carried  on  with  less ;  and  at  present  these  elementa 
cannot  he  pre^ent^d  to  us  in  a  digestible  form  in  a  smaller  bulk  than  22  or 
23  water-free  ounces.  Concetitrntion  at  present  cannot  be  carried  beyond 
this,  and  practically  has  not  really  been  carried  to  this  jioint.  Life,  how* 
ever,  and  vigour  may  for  some  days  be  preserved  with  a  much  less  amount ; 
and  the  total  amount  of  food  has  been  reduced  to  11  water-free  ounces 
daily,  with  full  retention  of  strength  for  seven  days,  though  the  body  waa 
constantly  losing  weight  For  expeditions  nf  three  or  four  days,  if  trans- 
port were  a  matter  of  great  diJhculty,  soldiers  might  be  kept  on  10  or  12 
ounces  of  wat-er-free  fowl  daily,  provided  they  had  been  fully  led  before- 
hand, and  suhsequently  liad  time  and  food  to  make  up  the  tissues  of  their 
own  bodies,  which  would  be  exi>ended  in  the  time,  and  would  not  have  been 
replaced  by  the  insufficietit  food. 

When  we  in(|aire  into  the  concentrated  foods  now  in  the  market,  some 
of  which  profess  to  supply  all  the  substances  necessary  for  nutrition,  wo 
find  mimy  of  them  not  very  satisfactory.  They  are  often  not  so  con- 
centrated as  they  might  be,  or  are  deficient  in  important  principles,  or  are 
diBngreeable  to  the  taste. 

Dried  Meat — Meat  dried  at  a  very  low  heat  It  has  lost  the  greater 
part  of  its  water,  is  hard,  and  requires  very  careful  cooking,  but  is  believed 
to  be  nutritious  when  well  prej.x\red. 

Messrs  M*Call  of  London  have  prepared  an  excellent  dry  meat ;  it  is  sold 
in  packets,  each  of  wliicb  weiglis  4  oz,,  and  is  intended  for  one  meal  It 
contains  salt  and  ]«epper,  and  12  per  cent  of  water. 

1  It  is  said  that  covering  tbim  witb  a  solution  of  bevju-waJC  iii  warm  olive  oil  (|  of  beQi> 
wax,  I  of  olive  oil)  will  keepthein  for  two  years. — Chemkat  yews,  Augui^t  1865,  p.  84. 

^  Dr  Letheby  8tate<lthiit  from  1800  to  1855  there  were  177  patents  taken  out  for  tlrjinp 
anil  preserving  food.  Of  tlieae  26  were  for  drying  tbe  food,  31  for  excluding  ivtmospheric 
Atf»  Mid  8  for  giving  sn  impervioua  coatliig.    Tiie  number   has  since  vutly  increaBed, 
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llassalVs  Flour  of  Meat. — Good  fresh  moat,  freed  from  visible  fat,  is 
carefully  dried  at  a  very  low  temperature,  and  ib  puiverised  liy  machinery^ 
so  that  a  very  tine  smooth  powder  is  formed.  This  is  mixed  with  about  8 
l>er  cent  of  arrowroot,  2 J  per  cent,  of  sugar,  and  3  per  cent,  of  a  mixture 
of  salts,  pepper,  Kpices,  and  colouring  matter.  Dr  C.  A.  Meiaert  *  has  also 
brought  out  a  Hour  or  powder  of  meat(Fleischpulver),  which  is  nutritious  and 
digestible.  It  contains  68  per  cent,  of  proteids,  of  which  66  per  cent,  is  digea^ 
tible,  inchiding  extractives. 

Under  the  terms  Tdsajoa  and  Oharqui^  two  kinds  of  meat  are  prepared 
in  South  America ;  it  is  probable  that  these  terms  have  not  always  been 
used  in  the  same  sense.  According  to  Mr  Bridge,^  Adams,  Tasajoa  is  me^t 
cut  in  thin  slices,  dipped  in  brine,  and  then  partially  dried.  Charqui  is 
thin  strijM*  of  muscular  fibre  from  which  the  fat  is  removed,  dried  rapidlj 
by  sun  heat,  and  sprinkled  mth  maize. 

The  di'ied  meat  of  the  Kaffirs  (beltong)  is  very  much  the  same;  great 
hunks  of  beef  are  Bun-dried,  and  remain  imde  com  posed  for  a  long  time.  8o 
also  in  Eg}'pt  the  meat  is  dried  by  exposure  to  the  sun  and  north  wind. 

The  Pemmican  of  the  Arctic  voyagers  is  a  mixture  of  the  best  beef  and 
fat  dried  together,  and  is  an  excellent  food,  though  rather  expensive,  8ugar 
is  sometimes  added,  antl  sometimes  raisins  and  currants ;  the  latter  would 
l>e  a  YQTy  desirable  addition  where  there  was  a  deficiency  of  I'egetable  food. 

Liebig's  Bxtractum  Carnis  is  the  juice  of  meat  extracted  on  the  following 
plan : — Every  particle  of  meat  is  separated  fn^m  fat  an<l  tendons,  and  is 
then  subjected  for  some  time  to  a  moderate  heat ;  a  viscid  dark  extract  at 
last  collects,  which  contains  the  salts,  creatio,  and  other  organic  uitro- 
genous  subsUnces,  Mixed  with  warm  water,  this  exti*act  give^  a  highly 
agreeable  and  nutritious  beef-tea  or  mutton  broth.  One  lb  of  mutton  gives 
about  two-fifths  of  an  oimce  of  extracL  It  hiis  the  remarkable  quality  of 
not  dec om loosing ;  Liebig  had  some  for  fifteen  years  in  a  l;»ottle  loosely 
atopi^ered.  On  tlie  other  hand^  most  of  the  more  fluid  or  jelly-like  pre- 
parati<>ns  are  apt  to  decompose  or  become  mouldy  early,  so  that  a  tin  once 
opened  ought  t^:)  be  consumed  at  once. 

There  are  now  numerous  samples  of  ExiraHum  Camu  in  the  market^ 
prepared  in  South  America  and  Australia.  The  majority  have  an  almost 
identical  com  position. 

WTien  Lie  big's  extract  is  taken  during  fatigue,  it  is  fomid  to  be  remark' 
ably  restorative,  increasing  tlie  power  of  the  heart,  and  removing  the  sense 
of  fatigue  following  great  exertion.  Mixed  with  wine,  it  has  been  employed 
with  great  success  in  rousing  men  in  coDapso  from  wounds.  As,  however, 
most  of  the  nitrogenous  compounds  in  the  Eztractum  are  not  in  the  form 
of  albumin  or  li!>riii,  but  of  other  compounds  (creatin,  extnictives  soluble  in 
water  Jind  alcohol),  it  has  been  supi>oscd  tliat  the  nitrogen  is  not  capable  of 
being  employed  in  the  nutrition  of  muscles  or  gland-ceUs,  and,  in  fact,  that 
the  EjdmduM  Uamis  does  not  represent  a  true  nutritive  proteid.^ 
Liebig  considered  it  to  be  a  condiment  whii^h  increases  the  p>wer  of  Uie 
stomach  to  digest  vegetable  foot!;  and  Hfirsclielmami,^  who  does  not  con- 
sider it  a  substitute  for  meat^  yet    thinks  that  it   aids  in   digesting  hard 


1  Jrmeeuml  VotMs-ErtMrunff,  von  Dr  C.  A.  Meinert,  Berlin,  1880.  This  work  oontmins 
A  great  Amount  of  information  on  the  iiabji«ct  of  fooil,  aa  Wtill  MS  extensive  tables  of  aualyaia, 
Sm  aUo  Matsen-EmiUimng,  1SS5,  by  the  mhuh  author.  For  CxperimiGnta  on  Ha-ssull's  floor 
of  n>"~*        ■    '  MM.  lirprtfU,  voL  ix.  p.  247. 

-  t<»8tiitzcr\s  nnalysis  {Anali/st^  1S.H5),  Liebig's  urtract  contains  5 '3  jjer  cent,  of 

ili^i  1 1  tin,  1  '5  or  ]>e|itones,  and  4  9  e:ttractiVf?«  of  meat,     'lliere  i5  thus  about  a  third 

to  a  half  oi  the  ontrilive  inattiir  of  onliaarv  meati  weight  for  weight 

»  Schmidt**  JaJirk,  Jan.  1871  p.  21. 
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meat,  and  that  the  meat  ration  can  be  lessened  when  it  is  used.  By  some 
its  action  has  been  compared  to  that  of  tea  and  coffee,  but  there  does  not 
appear  to  be  any  close  parallel. 

When  taken  in  very  large  doses,  the  extract  (like  large  quantities  of  meat) 
does  sometimes  cause  heaviness  and  torpor,  and  this  has  been  ascribed  to  the 
potash  salts,  but  it  may  be  a  question  whether  it  is  not  owing  to  the  excess 
of  the  nitrogenous  extractive  matter. 

About  230  grains  of  extract  in  one  pint  of  water  are  nearly  equal  to  a 
pint  of  beef -tea  made  from  yu^^^  ^  ^^  fresh  beef ;  Jths  oimce  of  extract  in 
one  pint  are  equal  to  a  pint  made  from  1  lb  of  fresh  beef.  There  is,  how- 
ever, a  general  opinion  that  the  extract  beef -tea  is  not  so  good  as  that  made 
at  once  from  fresh  beef ;  a  mixture  of  the  two  is  well  spoken  of. 

The  "concentrated  beef -tea"  is  beef-tea  and  the  juices  of  the  compressed 
beef  mixed  and  evaporated.  This  is  a  highly  nutritious  substance,  and  most 
useful  to  the  army  surgeon.  Mixed  with  wine,  and  given  as  soon  as  possible 
after  wounds  are  received,  in  the  time  of  shock  and  collapse,  it  was  found  in 
the  Austrian  army  (in  1859)  to  save  the  lives  of  many  wounded  men,  and 
the  experience  of  the  Federal  American  army  was  to  the  same  effect  (Ham- 
mond).    Extractum  Camis  is  now  made  also  by  pressure  without  heat 

Kemmericti^s  Concentrated  Beef-Tea  seems  a  good  form ;  it  contains  about 
13  per  cent  of  nitrogenous  matter.  The  extract  of  beef  by  the  same  maker 
is  also  useful ;  it  contains  22  per  cent,  of  albumin  and  peptones,  and  about 
39  of  extractives. 

Johnston^s  Fluid  Beef  {Bovril)  contains  a  large  proportion  of  the  fibrin  of 
meat,  in  addition  to  the  juices.  It  appears  to  be  a  good  preparation ;  it  con- 
tains 35  per  cent,  of  protcids,  none  of  which  is  indigestible. 

Extract  of  Mutton, — An  Australian  extract  of  mutton  is  now  sold,  which 
is  more  solid  than  Liebig's  extract,  and  differs  from  it  in  containing  much 
fat.     It  is  a  very  good  preparation. 

CamricJ^s  Beef  Peptonoids  are  a  mixture  of  meat,  wheat  glutin,  and 
evaporated  milk,  reduced  to  a  powder.  They  contain  between  50  and  60 
per  cent,  of  digestible  proteids  and  peptones  (Stiitzer).  It  is  claimed  that 
4  oz.  of  this  powder  contains  the  nutriment  of  10  lb  of  Liebig's  extract: 
this  is  absurd. 

Brand's  Essence  of  Beef  contains  8  per  cent,  digestible  proteids  and 
peptones  and  about  1  per  cent,  of  extract. 

Benger's  Peptone  Jelly  has  a  similar  composition. 

Valentine's  Meat^uice  has  a  large  quantity  of  extractive — about  9  per  cent. 

Savory  d:  Maoris  Fluid  Meat  contains  8  per  cent,  of  proteids  and  peptones 
and  47  of  extractives. 

Murdoch's  Liquid  Food  is  very  nutritious,  containing  13  per  cent,  of 
proteids  and  1  '2  extractives. 

There  are  various  others  in  the  market;  among  them  are  some  from 
Russia,  which  seem  very  good. 

Mason  ^  Go's  preparations,  beef -tea,  extract  and  meat  lozenges,  are  also 
good;  the  last  contains  71*75  per  cent  of  proteids,  of  which  only  3*7  is 
indigestible. 

Kochs*  Meat  Peptones^  in  the  form  of  extract  of  meat,  and  also  of  tablets 
and  lozenges,  are  very  good.  The  extract  (a  jelly-like  mass)  contains  about 
53  per  cent,  of  nitrogenous  matter,  of  which  about  28  is  peptones  and  24 
meat-juice  extract.  The  tablets  and  lozenges  are  similar  in  composition,  but 
are  more  concentrated. 

Bellai's  Extract  of  Meat} — This  contains  the  juice  of  cooked  vegetables  in 

1  Poggiale,  Bee,  de  Mem.  de  Mid.  Milit,,  Avril  1868,  p.  268.  ' 
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addition  to  that  of  meat.     A  little  less  than  an  ounce  (25  grammes)  in  1 1 
pint  (1  litre)  of  water  makes  gorid  beef-tea. 

EJivard^i  Patent  Desiccated  Soup  consists  of  a  mixture  of  beef  and  vege- 
tables ;  is  easily  prejiart'd  by  boiling  in  %vater,  about  an  ouEfe  to  a  pint  of 
water ;  it  was  well  spoken  of  in  the  .Vshantee  w^ar. 

Meat  Bimuiis, — ThesB  biscuits  or  powders^  for  they  are  generally  powdered 
and  sold  in  mnisters,  ore  formed  hy  ndxing  rich  extract  of  meat  with  wheat 
flour,  and  drj^ing.  They  were  very  much  utsed  in  the  American  war.  In 
some  cases  the  meat  is  so  much  dried  as  to  he  quite  indigestible. 

Meat  biscuits  can  be  made  in  a  very  simple  way,  by  mixing  together, 
cooking,  and  baking  1  lb  flour,  1  Bb  me^t,  1  5>  fat  (snot),  \  Bb  potatoes,  with 
a  little  sugar,  oniony  salt,  pepper,  and  spices.  A  palatahlo  meat  biscuit, 
weighing  about  1 J  lb,  containing  10  to  12  p<ir  cent,  of  water,  is  thus  obtained, 
which  keeps  quite  unchanged  for  four  months. 

Pea  Sausage. — In  the  Franct^Cieiuian  war  the  Germans  made  great  use  of 
a  pea  sausage  (Erl^swurst),  made  by  mixing  pea-flonr  and  fat  pork,  with  a 
little  salt.  It  l^  ready  cooked,  bnt  it  can  be  made  into  a  soup.  It  was 
much  relished  for  a  few  days,  hut  the  men  got  eventually  tired  of  it,  and  in 
some  it  produced  flatulence  and  diarrhoea.  The  original  erbswurst  con- 
tained about  16  per  cent,  of  proteids,  about  35  of  fat,  and  about  27  of 
starch,  &c.  Other  forms  vary  in  composition.  The  latest  German  samples 
(Knorr's)  contain  17*5  per  cent,  total  proteids,  of  which  2*6  is  indigestible, 
wid  about  36  of  fat  English  samples  are  nearly  of  the  same  composition. 
■  Flour  Saumffes. — A  mixture  of  pork  and  wheat  Hour  has  been  used  in  the 
auue  way. 

Maize  and  Beef, ^The  Germans  in  1870  made  use  also  of  a  mixture  of 
maize  and  beef,  wdiieli  ajjpears  to  have  been  mucli  Hked. 

Dried  Cermila,— -Many  fltmrs,  if  well  dried,  %vill  keep  for  a  long  time. 
There  are  now  in  the  market  diflerent  kinds  of  malt  biscuit  and  granulated 
malt  food.  Liohig's  food  for  infants  is  composed  of  equal  parts  of  wheaten 
Hour  and  malt  flom:  mixed  with  a  little  potaasium  csirbonatc  and  cooked  with 
1 0  ]iarts  of  milk.  The  vs'heat  and  malt  Eour  are  usually  cooked  and  sold  in 
powder  ready  to  he  boiled  with  the  milk. 

Drit'd  Bread. — In  addition  to  biscuit  already  descril>ed,  bread  has  been 
partially  dried  by  being  pressed  in  an  hydraulic  press  (Laigners  method)* 
^[uch  water  flows  out,  but  when  taken  out  the  bread  still  feeb  moist.  lu  a 
day  or  two,  however,  it  becomes  as  hard  as  a  stone,  and  in  a  year's  time  will 
be  fomid  good  and  agreeable.  Placed  in  water,  it  slowly  swells.  The 
"  pain  biscuits  **  of  the  French  anny  is  bread  dried  by  h«?at 
^  Drietl  Potatoes  are  sold  in  two  forma— slices  and  granulated.  In  either 
Hnee  the  potiito  is  e^usily  cooked,  and  is  very  pilati\hle.  It  should  bo  S(>ak*'d 
in  cold  water  first  for  some'time,  then  slowly  boiled,  or,  what  is  much  better, 
Bteamed.  The  directions  for  cooking  Edwartrs  presen^d  potato  (which  is 
granulated)  are :  **  To  three-quarters  of  a  poimd  add  about  one  quart  of 
boiling  wat/er,  stirring  it  at  the  same  time  ;  cover  it  closely ;  the  basin  or 
vessel  used  should  he  kept  hot ;  let  it  stand  for  ten  minntcs  ;  then  w^ell  moah, 
adding  butter,  salt,  &c.,  at  discretion/'  It  is  stated  to  be  equal  to  six  timos 
its  bulk  of  the  fresh  vegetiihle,  hut  this  is  hardly  borne  out  by  analysis  :  four 
times  is  ns  high  as  it  would  be  safe  to  allow.  Tlio  analyses  made  by 
Professors  Attfield  and  de  Chanmont  ^  show  tliat  a  lb  of  preser\'ed  potato 
eontainfl  the  solid  matter  of  only  3 J  of  ordinary  fresh  potatoes. 

Dried  VegetabUs  {other  thun  P(daims). — Dried  and  compressed  vegetables* 
ol  all  kinds  (peas,  cauliflowers,  carrots,  Ac.)  are  now  prepared,  especially  hy 
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Messrs  Masson  and  Challot,  so  perfectly  that,  if  properly  cooked,  they  furnish 
a  dish  almost  equal  to  fresh  vegetables.  Professor  Attfield  found  that  dried 
compressed  cabbage  contained  the  solids  of  seven  times  its  weight  of  fresh 
cabbage,  whilst  the  mixed  vegetables  contained  five  and  a  half  times  the 
solids  of  the  fresh  vegetables.  They  must  be  cooked  very  slowly.  If  there 
is  any  disagreeable  taste  from  commencing  putrefaction,  which  is  very  rare, 
a  little  chloride  of  lime  removes  it  at  once.  Potassium  permanganate  can 
be  also  used  for  this  purpose. 

As  anti-scorbutics,  dried  are  said  to  be  inferior  to  fresh  vegetables  (ex- 
perience of  American  war),  but  are  still  much  better  than  nothing.^ 

Dried  Apples  in  slices  are  now  imported  largely  from  America :  they  are 
palatable  when  cooked,  and  would  be  a  useful  article  in  the  field. 

Preserved  Vegetables^  that  is,  vegetables  preserved  in  their  natural  condi- 
tion (cooked),  are  much  to  be  preferred,  both  as  being  more  palatable  and  as 
being  more  nutritious  and  better  anti-scorbutics.  They  occupy,  however, 
much  greater  bulk.^ 

Various  excellent  forms  of  mixed  rations  of  meat  and  vegetables  in  tins  are 
prepared  by  Moir  d:  Son  and  others  at  home  and  abroad :  they  are  ready 
cooked  and  very  palatable,  and  may  be  eaten  either  cold  or  warmed  up  when 
that  is  possible. 

Dried  Milk. — Preserved  milk  is  sold  in  a  liquid  form,  but  it  is  also  sold  as 
a  powder,  which  is  very  well  prepared. 

Concentrated  Milk. — Milk  is  evaporated  at  low  steam  heat  to  the  con- 
sistence of  a  thick  syrup,  and  white  sugar  is  added.  After  opening  the  tins 
the  samples  remain  good  for  over  a  month.  The  amount  of  sugar,  however, 
is  very  large  ;  in  one  sample  it  was  found  to  be  as  much  as  16 '7  lactin  and 
60-7  cane  sugar.  Other  samples,  such  as  the  Swiss  and  Bavarian  (Loef- 
lund's),  are  preserved  without  extra  sugar,  and  are  reduced  in  bulk  to  ^  or  ^ 
of  the  original :  these,  however,  must  be  used  as  soon  as  possible  atter  the 
tin  is  opened,  for  they  do  not  keep  like  the  sweetened  preparationa 

The  composition  of  Swiss  condensed  milk  is  as  follows  : —  ^ 

Water, 2670 


Fat, 

Cane  and  milk  sugar, 

Casein, 

Ash, 


9-76 
61-02 
10-20 

2-32 


100-00 
Dried  Eggs. — The  yolk  is  not  easily  kept  after  drying,  but  the  white  can 
be  so  ;  it  is  cut  into  thin  scales,  and  forty-four  eggs  make  about  1  lb.     The 
yolk  and  white  are  also  mixed  with  flour,  ground  rice,  &c.,  and  are  then 
dried. 

1  Professor  Attfield  {loc.  cit.)  considers  that  in  the  compressed  vegetables  some  at  least  of 
the  juice  is  lost  in  the  preparation,  probably  by  pressure. 

s  In  some  samples  sent  to  Netley  for  analysis  lead  was  found  in  the  liquor,  and  the  inside 
of  the  tin  was  eroded.  Sulphate  of  copper  is  sometimes  used  as  a  colouring  matter  for  pre- 
served green  vegetables,  especially  beans  and  peas.    See  B.M.J.  1891,  i.  243. — J.L.S. 

»  Analysis  and  Adulteration  qf  Foods,  by  James  Bell,  Ph.D. 


CHAPTER  X. 
BEVERAGES  AND  CONDIMENTS. 

SECTION  I. 

ALCOHOLIC  BEVERAGES. 

Although  it  is  convenient  to  place  all  the  beverages  which  contain  Alcohol 
under  one  heading,  they  yet  differ  materially  in  composition  and  effects. 

Sub-Section  I. — Beer. 

Composition, — The  law  formerly  allowed  only  malt  and  hops  to  be  used  in 
brewing,^  but  sugar  (imder  the  name  of  saccharum)  is  now  largely  sub- 
stituted, as  well  as  bitter  substances  other  than  hops. 

The  specific  gravity  varies  from  1006  to  1030,  or  even  more,  in  the  thick 
Grerman  beers;  the  average  in  English  ales  and  porters  is  from  1010  to 
1014.  The  percentage  of  extract  (dextrin,  cellulose,  sugar,  lupulite,  and 
hop  resin)  is  from  4  to  15  per  cent  in  ale,  and  from  4  to  9  per  cent, 
in  porter.  It  is  least  in  the  bitter,  and  highest  in  the  sweet  ales.  The 
alcohol  varies  from  1  to  10  per  cent,  in  volume.  The  free  acidity  which 
arises  from  lactic,  acetic,  gallic,  and  malic  acids  ranges  (if  reckoned  as  glacial 
acetic  acid)  from  18  to  45  grains  per  pint.  The  sugar  has  a  great  tendency 
to  form  so-called  glucinic  (or  glucic)  acid  (CjaHj^Og).  There  is  a  small 
quantity  of  albuminous  matter  in  most  beers,  but  not  averaging  more 
than  0*5  per  cent.  The  salts  average  0*1  to  0*2  per  cent.,  and  consist 
of  alkaline  chlorides  and  phosphates,  and  some  earthy  phosphates.  There 
is  a  small  amount  of  ammoniacal  salt.  Porter  and  stout  owe  their  dark 
colour  to  roasted  malt  or  to  caramel.  Free  carbon  dioxide  is  always  more  or 
less  present ;  the  average  is  0*1  to  0*2  parts  by  weight  per  cent.,  or  about  1 J 
cubic  inch  per  oimce.     Volatile  and  essential  oils  are  also  present. 

Adopting  mean  numbers,  1  pint  (20  oimces)  of  beer  will  contain — 

Alcohol,  ......  1  ounce. 

Extractives,  dextrin,  sugar,  1-2  „  (624  grains). 

Free  acid,        ......  25  grains. 

Salts,  .......  13  grains. 

Physiological  Action. — The  action  on  tissue  metamorphosis,  so  far  as  is 
known,  is  supposed  to  be  one  of  lessened  excretion,  the  urea  and  pulmonary 

1  In  the  Licensing  Act  (1872),  clause  19  contains  penalties  for  using  any  deleterious 
substance  for  mixing  with  liquors  sold  by  persons  having  licences  under  the  Act,  and  in 
the  first  schedule  to  the  Act  is  a  list  of  deleterious  ingredients,  viz.: — **  Cocculus  indicus, 
chloride  of  sodium  (otherwise  common  salt),  copperas,  opium,  Indian  hemp,  strychnine, 
tobacco,  darnel  seed,  extract  of  logwood,  salts  of  zinc  or  leaa,  alum,  and  any  otner  extract  or 
compound  of  any  of  the  above  ingredients."  Several  articles  which  are  supposed  to  be 
nsea  as  adulterants  are  omitted  from  this  list. 
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carbon  dioxide  being  both  decreased.  If  this  be  the  case,  it  is  not  owing  to 
the  alcohol,  at  least  in  moderate  dietetic  doses,  but  to  some  of  the  other 
ingredients;  but  the  experiments  require  repetition.^  On  the  nervous 
system  the  action  is  probably  the  same  as  that  of  alcohol.  The  peculiar 
exhausting  or  depressing  action  of  beer  taken  in  large  amount  has  been 
ascribed  by  Ranke  ^  to  the  large  amoimt  of  potash  salts,  but  probably  the 
other  constituents  (especially  the  hop)  are  also  concerned. 

When  beer  is  taken  in  daily  excess,  it  produces  gradually  a  state  of 
fulness  and  plethora  of  the  system,  which  probably  arises  from  a  continual, 
though  slight,  interference  with  elimination  both  of  fat  and  nitrogenous 
tissues.  When  this  reaches  a  certain  point  appetite  lessens,  and  the  forma- 
tive power  of  the  body  is  impaired.  The  imperfect  oxidation  leads  to  excess 
of  partially  oxidised  products,  such  as  oxalic  and  uric  acids.  Hence  many 
of  the  anomalous  affections,  classed  as  gouty  and  bilious  disorders,  which 
are  evidently  connected  with  defects  in  the  regressive  metamorphosis.  Sir 
Wm.  Roberts  states  that  malt  liquors  hamper  salivary  digestion  in  exact 
proportion  to  their  acidity,  and  retard  peptic  digestion  altogether  out  of  pro- 
portion to  their  percentage  of  alcohol :  but  digestion  is  assisted  by  a  moderate 
quantity  of  light  beer,  especially  when  it  contains  free  carbon  dioxide.^ 

The  question.  What  is  excess  ?  is  not  easy  to  answer,  and  will  depend'both 
on  the  composition  of  the  beer  and  on  the  habits  of  life  of  those  who  take 
it ;  but,  judging  from  the  amount  of  alcohol  which  is  allowable,  from  one 
pint  to  two  pints,  according  to  the  strength  of  the  beer,  is  a  sufficient 
amount  for  a  healthy  man.* 


Compositi 

on  of  Beer 

Alcohol 

Halt  Extract 

Ash 

per  cent 

percent. 

per  cent 

English  Ale,  for  exportation, 

7-3 

5-9 

0-35 

English  Ale,  ordinary, 

4-5 

5  0 

0-32 

London  Porter,  for  exportation, 

6-5 

6-0 

0-35 

London  Porter,  ordinary, 

5-2 

6-4 

0-32 

Scotch  Ale, 

8-6 

10-9 

Strassburg  Beer, 
Bavarian  Jeer, 

4-7 

4-65 

0-32 

4-5 

7-2 

0-29 

Vienna  Beer, 

3-5 

6-1 

0-21 

Sub-Section  II. — Wines.* 


Compontion, 

The  composition  of  wine  is  so  various  that  it  is  difficult  to  give  a  sum- 
mary.    The  following  are  the  chief  ingredients : — 

1.  Alcohol, — From  6  to  25  per  cent,  volume  in  volume,  of  anhydrous 
alcohol.  It  has  been,  however,  stated  that  the  fermentation  of  the  grape, 
when  properly  done,  cannot  yield  more  than  17  per  cent.,  and  that  any 

1  Binr  {Journal  of  Anatomy  and  Phyiiology,  May  1874)  states  that  alcohol  diminishes  Iwth 
the  pulmonary  carl>onic  acid  and  urea. 

«  Phya.  des  Menschen,  1868.  p.  189. 

»  DieUtics  and  Dyspepsia,  by  Sir  W.  Roberts,  M.D.,  F.R.S. 

^  For  Examination  of  Beer,  see  Book  III. 

»  For  a  Ml  account  of  wines,  see  the  work  by  Thudichum  and  Dupr6  {Origin,  Nature,  and 
Use  of  Wine,  1872). 
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amount  beyond  this  is  added.  ^     Some  of  the  finest  wines  do  not  contain 
more  than  6  to  10  per  cent. 

Per  cent  of  Alcohol, 
(volume  In  rolnmeX 

VoTt  {analysed  in  England), 16-62*  to  28*2 

Sheny  (analysed  in  England), 16  „  26 

Madeira  {analysed  in  England), 167  „  22 

Marsala  {analysed  in  England), 15  ,,25 

Bordeaux  wines,  red  (mean  of  90   determinations   of  different  "1 

sorts ;  Chateau    Lafite,    Margaux,    Larose,    St   Emilion,    St  >-       6*85  „  13 

Est^phe,  &c.), J 

Bordeaux  wines,  white  (mean  of  27  determinations  of  sorts  ; )  .  _  ^  .^ 

Sauternes,  Barsac,  Bergerac,  &c), {  ^^  »♦  lo*7 

Rhone  wines,  red  (Hermitage,  Montpellier,  Frontignan,  kc),    .  8*7  ,«  13*7 

Roossillon, 11  ,,  16 

Burgundy,  red  (Beanne,  Macon), 7*3  ,,  14 '5 

„        white  (Chabli8,&c.), 8*9  ,,  12 

Pyrenean, 9  „  16 

Champagnes, 5*8  ,,  13 

Moselles, 8  „  13 

Rhine  wines  (Johannisberger,'Hochheimer,  Rudosheimer,  kc), .  6*7  ,,16 

Hungarian  wine, 9*1  ,,  15 

Italian 14  „  19 

Syria,  Corfu,  Samos,  Smyrna,  Hebron,  Lebanon,      ...  13  ,,18 

So  various  is  the  amount  of  alcohol  in  wines  from  the  same  district,  that 
a  very  general  notion  only  can  he  ohtained  hy  tables,  and  a  sample  of  the 
wine  actually  used  must  generally  be  analysed. 

To  tell  how  much  pure  alcohol  is  taken  in  any  definite  quantity  of  wine, 
measure  the  wine  in  ounces,  multiply  it  by  the  percentage  of  alcohol,  and 
divide  by  100. 

The  amount  of  alcohol  can  be  determined  by  distillation  or  evaporation,  as 
given  in  the  section  on  Estimation  of  Alcohol,  Book  III.  Instruments, 
however,  are  required  which  indicate  a  less  specific  gravity  than  pure  water. 
If  the  medical  officer  has  only  a  common  urinometer,  the  only  plan  will  be 
to  dilute  with  an  equal  part  of  pure  water  at  60°,  and  then  to  add  a  little 
salt,  so  as  to  bring  the  specific  gravity  above  that  of  water ;  then  evaporate 
as  usual.  Take  the  difference  of  the  specific  gravities  (before  and  after 
evaporation) ;  deduct  from  1000,  and  look  in  the  specific  gravity  table 
(under  Alcohol)  for  the  amount  of  alcohol  in  the  diluted  wine ;  by  multiply- 
ing the  result  by  2  the  percentage  of  alcohol  in  the  undiluted  wine  is  found. 
Sometimes,  besides  ethyl  alcohol,  small  quantities  of  propyl,  butyl,  and 
amyl  alcohols  are  found  in  wine.  A  little  acet-aldehyde  is  present  in  some 
Greek  wines  (Thudichum  and  Dupr^),  but  is  not  considered  to  indicate 
unsoundness.  3 

2.  EtJiers. — (Enanthic,  citric,  malic,  tartaric,  racemic,  acetic,  butyric,  cap- 
rylic,  caproic,  pelargonic,  and  many  others.     Dr  Dupr^  states  that  there  are 

1  Mulder  {On  Wine,  p.  186)  quotes  Guijal  to  the  effect  that  pure  port  never  contains  more 
than  12'75  per  cent,  of  pure  alcohol ;  but  Mulder  doubts  this.  Dr  Gorman  stated  Wfore  the 
Parliamentary  Committee  that  pure  sherry  never  contams  more  than  12  per  cent,  of  alcohol, 
and  that  6  or  8  gallons  of  brandy  are  added  to  108  gallons  of  sherry.  Thudichum  and  Dupr6 
{On  Wine,  p.  682)  state  that  a  natural  wine  may  contain  a  minimum  of  9,  while  the  maxi- 
mum limit  is  16  per  cent,  (of  weight  in  volume).  They  also  state  that  a  pipe  of  115  gallons 
of  port  wine  has  never  less  than  3  gallons  of  brandy  added  to  it,  and  the  rich  port  wines 
have  13  to  15  gallons  added.  It  would  seem  that  the  natural  wines  of  Australia  contain  a 
larger  quantity  of  alcohol  in  some  instances  than  any  European  wine. 

2  Some  port  used  in  the  Queen's  establishment  contained  only  16*62,  and  the  highest  i)er- 
centage  was  18 '8  (Hofmann).  The  sherry  contained  only  16  per  cent,  and  the  claret  6*80  to 
7  per  cent  The  highest  percentage  found  by  Thudichum  and  Dupr6  in  port  wine  was  19*2 
per  cent,  of  weight  in  volume =23*4  per  cent,  volume  in  volume. 

*  If  it  is  present  in  white  wines  (such  as  Sauteme)  it  is  a  certain  sign  of  unsoundness. 
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125  or  even  more  compound  ethers  in  wine,  and  some  of  them  are  in  very 
EXJi all  quantities.  The  '*lx>nquet"  of  wine  is  ptirtly  owing  to  the  ethers 
{*».^pecially  to  the  voktile),  partly,  it  is  said,  to  extractive  matters,  (Jinatithic 
ether  is  that  which  give-s  its  characteristic  odour  to  wine,  Dr  Dupre  has 
given  a  very  good  pkti  of  estimating  the  amount  of  the  volatile  and  non- 
volatile ethers^  but  it  is  too  delicate  for  medical  officers.* 
I  3.  Allmminom  Mutters— Extractive  Colouring  Matter. — The  quantity  of 
'  albumin  h  not  great ;  the  extractiveii  and  colouring  matter  vaiy  in  amount 
The  colouring  matter  is  derived  from  the  grape-skins  ;  it  is  naturally  greenish 
or  blue^  and  is  made  violet  and  then  red  by  the  free  acids  of  wine.  The  bluish 
tint  of  some  Burgundy  wines  is  owing,  according  to  Mulder,  to  the  very  small 
amount  of  acetic  acid  which  these  wines  contain.  It  is,  according  to  Ba- 
tilliat,  composed  of  two  matters — ^rosite  and  purptirite.  With  E^e  changes 
occur  in  the  extractive  matters ;  some  of  it  falls  (aj>othema),  especially  in 
combination  with  taimic  acid,  and  the  wine  becomes  pale  and  less  astringent, 
Dupr^  suggests  the  use  of  cubes  of  gelatine  as  a  convenient  test  for  dis- 
tinguishing between  the  genuine  colouring  matter  of  wine  and  artificial 
admixtures.  Dissolve  5  grammes  gelatine  in  100  ex,  of  distilled  water : 
when  cold,  cut  into  cubes  about  J  inch  stjuare  r  immerse  in  the  wine,  and 
examine  after  24  to  48  hours.  If  the  wine  is  pure,  the  colour  is  confined 
almost  tfi  the  margin,  or  does  not  extend  inwards  more  than  \  inch.  Most 
other  colouring  matters  permeate  the  jelly  ;  an  exception  is  furnished  by 
Rhatany  root^  the  colouring  matter  of  which  acts  like  that  of  wine. 

4.  Sugar  exists  in  varying  amounts,  and  in  the  form,  for  the  most  part,  of 
fruit  sugar.  *Sherry  generally  contains  sug^ir,  but  not  always  j  it  averages 
8  grains  per  ounce^-  and  a]>jiear8  to  be  highest  in  the  brown  sherriea,  and 
least  in  Amontillado  and  Manzanilla,  In  Madeira  it  varies  from  6  to  66 
grains  per  ounce ;  in  ^larsala  a  little  leas;  in  Port,  from  12  to  28  gmins  per 
onuce^  beijig  apparently  nearer  the  latter  in  the  finest  wines.  In  Champagne 
it  amounts  to  from  G  to  28  grains,  the  average  being  about  24  grains ;  but  a 
good  deal  of  Cliampagne  is  now  druiiJv  as  **  Wn  bnit/'  T^-ithout  any  sugar. 
In  tlie  Clarets,  Burgundy,  Rhine,  and  ^loselle  wines  it  is  absentj  or  in  small 
amount. 

In  determining  the  sugar,  if  the  copper  solution  be  used,  the  colouring 
matter  is  act+^d  on  liy  the  alkali  of  the  copper  solution,  and  interferes  with 
the  appreciation  of  the  change  of  tint,  and  must  be  got  rid  of  by  acetaU>  \d 
lead,  aidmal  cliarcsjal,  !>oiling,  and  liltering.  If  any  substance  exists  which 
is  still  turned  green  by  the  alkali  of  the  copper  solution,  the  wine  mu.st  be 
nentralised,  evap<^rated  to  dryness,  and  the  sugar  dissolved.  As  a  rule,  the 
|©)ipi>er  solution  employed  directly  vn\X\  wine  gives  i  per  cent,  too  much 
r»ngar  (Fehling),  and  a  correction  to  thiB  amount  should  be  made.' 

5.  Fat. — A  small  amount  exists  in  some  wine. 

6.  Frtt  Arxfh, — Wine  is  acid  from  free  acids  and  fi'om  acid  salts,  as  the 
j>otits«ium  biUirtrate,  Tlie  amount  varies  from  2  to  3  grains  per  ounce.  The 
]>rincipal  acids  are  racemic,  tartaric,  acetic,  malic,  tannic  (in  small  quantities), 
gku'ic,  succinic,  lactic  (?),  carbonic,  and  fatty  acids,  such  as  formic,  butyric, 
or  propionic.  Some  acids  are  volatile  besides  the  acetic,  hut  it  does  not 
seem  quite  certain  what  they  are.  The  tannic  acid  is  derived  from  the 
skins :  it  is  in  greatest  amount  in  new  Port  wines;  it  is  triiling  in  Madeira 
und  the  Rhine  wines ;  it  is  present  in  all  whit©  and  most  red-fruit  wines, 

*  OSWwi,  Jowrtml,  Nox*  1?^67,  nod  Origin^  N&imftt  ound  Uto/  ITiyie. 

*  Beace  Jone*,  in  Mi  1 1   /ir.  p.  386. 
>  Tho  addition  of  t'v  ig«.r  to  wiue  may  be  detected  by  ike  use  of  the  oiioohAri- 

^ttitt^r  along  with  Ftthliii©  =  -^*-Uva. 
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except  Champagne.     The  tannic  acid  on  keeping  precipitates  with  somo 
extractive  and  colouring  matter  (apothema  of  tannic  acid). 

7.  Salts. — The  salts  consist  of  bitartrate  of  potassium,  tartrate  of  calcium 
and  sodiimi,  sulphate  of  potassium,  a  little  phosphate  of  calcium  and  mag- 
nesium, chloride  of  sodium,  and  iron.  The  magnesia  is  in  larger  amoimt 
than  the  lime,  and  exists  sometimes  as  malate  and  acetate.  A  little  man- 
ganese and  coj^er  have  been  sometimes  found.  In  Rhine  wine  a  little 
ammonia  is  found  (Mulder).  The  total  amount  of  salts  is  O'l  to  0*3  per  cent. 
— ».e.,  about  9  to  26  grains  per  pint,  or  i  to  1^  grains  per  ounce.  The  salts 
can  only  be  detected  by  evaporation  and  ignition. 

8.  The  total  solids  in  wine  vary  from  3  to  14  per  cent.,  or  in  some  of  the 
rich  liqueur-like  wines  to  more.  The  specific  gravity  depends  upon  the 
amoimt  of  alcohol  and  of  solids,  and  varies  from  0*973  to  1  *002  or  more.  An 
approximate  notion  can  be  formed  of  the  total  solids  by  taking  the  specific 
gravity,  after  driving  off  the  alcohol  by  evaporation  and  then  replacing  the 
water.  The  excess  over  1000  divided  by  four  will  give  approximately  the 
percentage  of  total  solids. 


Sub-Section  III. — Spirits. 

The  Queen's  Regvlationa  for  the  Army  (1889,  sec.  xv.  paragraph  82)  for- 
bid the  sale  of  spirits  in  canteens  at  home,  but  permit  it  in  foreign  stations 
at  the  discretion  of  the  commanding  officer. 

Brandy  is  distilled  from  wine  or  from  fermented  grapes,  and  contains, 
besides  alcohol,  cenanthic  ether,  acetic,  butyric,  and  valerianic  ethers.  Tannin, 
and  colouring  matter  from  the  cask,  or  from  caramel,  are  present.  If  sugar 
is  present  in  any  quantity,  it  must  have  been  added.  The  inferior  kinds  of 
brandy,  prepared  from  potatoes,  as  well  as  grain,  contain  fusel-oil.  Hum  is 
distilled  from  the  fermented  products  of  the  sugar  cane,  and  contains  a  good 
deal  of  butyric  ether,  to  which  the  aroma  is  chiefly  owing.  Gin  is  distilled 
from  immalted  grain,  and  besides  containing  the  oil  of  juniper,  is  flavoured 
with  various  aromatic  substances,  as  Calamtis  aromaticuSy  coriander,  carda- 
moms, cinnamon,  almond-cake,  and  orange-peel;  Cayenne  is  often  added. 
Whisky  is  distilled  from  malted  grain,  and  often  derives  a  peculiar  flavour 
from  the  malt  being  dried  over  peat  fires,  or  by  the  direct  impregnation  of 
peat  smoke.  ^     Peach  stones  and  pine  sawdust  are  also  said  to  be  added. 


1  It  may  be  worth  while  to  give  the  names  of  some  of  the  distilled  spirits  used  in  different 
parts  of  the  world,  as  the  army  surgeon  may  meet  with  them  in  the  course  of  service  : — 


Nations  by  whom  employed. 

Name. 

Obtained  from 

Hindus,  Malays,  &c.,  . 

Arrack. 

Rice  or  Areca-nut. 

Greeks,  Turks,  &c.,     . 

Raki. 

Rice. 

Hindus, 

i  Tari  (corrupted  to 
■[         Toddy). 

Coco-nut  and  several  other 
palms. 

(Mahrattas),  . 

Boja. 

Eleusine  Corocana. 

„        (Sikkim),       . 

Marwa. 

f  >            tt 

Chinese, 

Samshii. 

Rice. 

Japanese.    . 
Pacific  Islanders, 

S4cie. 
Kawa. 

Macropiper. 

Mexicans,    . 

Pulque. 

Agave. 

South  Americans, 

Chica. 

MAi7^ 

Tartars, 

Koumiss. 

Mares'  milk. 

Russians  and  Poles,     . 

Vodka,  Raka. 

Potato. 

Abyssinians,     *   . 

Tallah. 

Millet. 

ALCOHOL   AS  AN  ARTICLE  OF   DipT  IN  HEALTH. 
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Composition  of  Spirits, 
The  following  table  gives  the  chief  points  of  importance  : — ^ 


Name. 

Sp.  gr.  at 
QT  F. 

Alcohol 
per  cent. 

SoUds 
per 
cent. 

Ash 
per  cent. 

Acidity 

per  ounce, 

reckoned 

as  tartaric 

acid. 

Sugar 
per  cent.     | 

1 

Brandy,    .     . 
Gin,     .     .     . 
Whisky,  .     . 
Rum,  .     .     . 

0-929-0-934 
0-930-0-944 
0-915-0-920 
0-874-0-926 

45-55 
49-57 
50-55 
50-60 

1-2 
1-2 
0-6 
1-0 

0-05  to  0-2 
0-1 
trace 
0-1 

1  grain 
0-2 
0-2 
0-5 

0  or  traces  i 
1 
0 
0 

Alcohol  as  an  Article  op  Diet  in  Health.  ^ 

In  endeavouring  to  determine  the  dietetic  value  of  alcoholic  beverages, 
it  is  desirable  to  see,  in  the  first  place,  what  are  the  effects  of  their  most 
important  constituent,  viz.,  alcohol 

Three  sets  of  arguments  have  been  used  in  discussing  this  question, 
drawn,  namely,  from — 1,  the  physiological  action  of  alcohol;  2,  experience 
of  its  use  or  abuse ;  and  3,  moral  considerations. 

The  last  point  will  not  be  further  alluded  to,  for  without  underrating 
the  great  weight  of  the  argument  drawn  from  the  misery  which  the  use  of 
alcohol  produces, — a  misery  so  great  that  it  may  truly  be  said,  that  if 
alcohol  were  unknown,  half  the  sin  and  a  large  part  of  the  poverty  and 
unhappiness  in  the  world  would  disappear, — yet  this  part  of  the  subject  is 
so  obvious  that  it  seems  unnecessary  to  occupy  space  with  it.  The  argu- 
ments, however,  which  are  strongest  for  total  abstinence,  are  drawn  from 
this  class.  JSTor  does  any  one  entertain  a  moment's  doubt  that  the  effect  of 
intemperance  in  any  alcoholic  beverage  is  to  cause  premature  old  age,  to  pro- 
duce or  predispose  to  numerous  diseases,  and  to  lessen  the  chance  of  living 
very  greatly.  The  table  given  below, ^  taken  from  JSTeison's  Vital  Statistics^ 
puts  this  in  a  strong  light. 

^  This  table  is  chiefly  taken  from  Bence  Jones'  Observalums ;  Appendix  to  Mulder  on 
Wine^  p.  389  ;  and  from  Hassall's  Food  and  AdiUterxUion,  p.  645. 

2  The  subject  of  spirits  in  sickness  is  another  point  altogether.  Dr  Parkes  believed  they 
were  often  of  great  use,  although,  like  every  other  strong  medicine,  they  require  to  be  given 
carefully. 

'  Effects  of  intemperance  (Neison's  StatUtics^  p.  217  et  seq.):— 

Jiatio  per  cent,  from  the  undermentioned  Causes  to  Deaths  from  all  Causes. 


Cause  of  Death. 

1847. 

9710 

6-240 

33150 

GothaUfe 
Office. 

Scottish 
Widows'  Fund. 

Intemperate 
Lives. 

Head  diseases,      .... 

Digestive  organs  (especially  those  ) 

,        of  the  liver) f 

1  Respiratory  organs, 

15176 

8-377 

27-843 

20-720 
11-994 
23-676 

27-10 
23-30 
22-98 

Total  of  above  three  classes,    . 

49100 

61-396 

56-390 

73-38 

It  thus  appears  that  the  intemperate  have  a  much  greater  mortality  from  head  and  digestive 
diseases  than  other  classes. 

In  intemperate  persons  the  mortality  at  21-30  years  of  age  is  five  times  that  of  the  temperate  ; 
from  30-40  it  is  four  times  as  great     It  becomes  gradually  less. 

Very  striking  evidence  in  favour  of  total  abstinence,  as  contrasted  with  moderation,  is  given 
by  the  sUtistics  of  the  United  Kingdom  Temperance  and  General  Provident  Institution.  One 
section  consists  of  abstainers,  another  of  persons  selected  as  not  known  to  be  intemperate. 
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The  pkysiolc^cal  argument  for  the  use  or  disuse  of  alcohol  requires  to  be 
used  with  cautioHj  as  our  knowledge  of  the  action  of  pure  iilcohol  (much 
more  of  the  alcoholic  beverages)  is  imperfect. 

TVlipn  taken  into  the  stomach,  alcohol  is  ah^rbed  without  alteration,  or 
ifl  perhai>3  in  some  small  degree  converted  into  acetic  acid,  possibly  by  the 
action  of  the  mucus  or  secretion  of  the  stomach.  The  rate  of  absorption 
Is  not  known,  and  it  has  been  supposed  that  when  given  in  very  large 
quantities  it  may  not  he  absorbed  at  all.  It  has  not,  however,  l>eeu  re- 
covered from  the  fs&ces  in  any  great  amount.  After  alisorption  it  {jaaaes 
into  the  blood,  and  then  throughout  the  body  ;  if  the  observ^ations  of 
Schulinus^  are  correct,  it  is  equally  distributed,  and  does  not  ac^rumulate.,  as 
was  formerly  supposed,  in  the  liver  ajid  nervous  tissue.  It  can  easily  be 
detected  in  all  the  organs  soon  after  it  is  ta,ken.  It  ccpmmences  to  pass  out 
from  the  body  speedily,  as  it  may  be  detected  in  the  breath  soon  after  it  is 
taken ;  it  emergen  by  the  lungs,  by  the  skin^  in  smaller  quantities  by  the 
urine,  and  slightly  by  the  bowels,  or  this  may  be  merely  from  miabsorlied 
portions  passing  out  The  amount  recoverable  from  aU  these  channels  is 
usually  small,^  but  occasionally,  when  very  large  quantities  have  been  taken, 
the  kidneys  excrete  it  largely,  so  that  the  specific  gravity  of  the  urine  has 
l>een  below  that  of  water,  and  distillatioti  has  given  an  inflammable  fluid.^ 

Much  debite  has  tiken  place  as  to  whether  all  or  how  much  of  the 
idcohol  is  thus  eliminated,  and  whether  any  is  destroyer!  in  the  body.  The 
experiments  of  I>r  Percy,  and  sub.'^equently  of  Stnrach,  and  especially  of 
Musing  m  Buchheim's  laboratory  at  Dor  pat,  followx^d  as  they  were  by  the 
conhrmatory  observations  of  MM.  Perrin,  Lallemand,  and  Duroy,  seemed  at 
one  time  to  have  settled  the  question,  and  to  have  proved  tliat  alcohol  is 
very  little  or  not  at  aU  destroyed  in  the  borly.  Since  then  the  criticisms  and 
exixn'iments  of  Baudot,  and  especially  the  observations  of  Schidinus,*  Anstie,'* 
Dupre,  and  Subbotin,  have  again  altered  the  |M38ition,  and  although  the 
experimental  evidence  is  incomplete  {chiefly  on  account  of  the  difficulty 
of  collecting  the  amount  given  off  l>y  the  lunge  and  skin),  the  opinion  that 


The  clutufl  for  ten  yeara  (1860-70)^  anticipated  in  the  TempemoGe  seotioUt  wcto  £100,44(S  i 
but  there  wor«  actually  only  daimfl  for  Jt:72,676.  In  the  gieneml  section,  the  aiitici|iAtecl 
daima  werv  £196,352  :  and  the  actual  claims  were  no  lesm  than  £230^297.  For  the  twenty-four 
years,  1866-1889,  in  the  Teinpcrasce  sectioa  the  urpected  deaths  were  454*2,  wliile  the  acttiol 
tIcAth.H  only  amounted  to  3198 ;  in  the  gieneiul  »ection,  the  expected  deaths  iwere  6^4,  the 
actual  deaths  0645.    It  ia  aeen  that  the  abstainers  have  a  very  great  a^l vantage. 

th"  Ogle  liaa  shown  (Snpp.  to  45th  Report  nf  Heg.  Oent.)  that  the  effect  of  iutemperanoe  it 
t'learly  to  be  ieen  in  the  hi{j;h  companitivo  inortality  of  ccrt&in  claaAe^  and  occupatiooa  tiuLt 
Are  known  to  be  addicted  to  excess  in  alcohol,  HUch  as  innkeepent,  brewers,  cabdrivera.,  k,c^ 

In  the  rtfport  of  the  Collective  Investigation  Committee  of  the  British  Medical  ABSOclaticm 
on  the  iuquiry  a^  to  the  connection  betweea  Intemperance  and  diaea!«e  iB.M.J,,  June  23,  ISSS), 
Ur  Isaiiibartl  Owen  gave  the  average  age  of  death  of  total  abRtainers  (31  *22  years)  a.**  lesw  thftn 
that  of  the  docidedly  intemperate  (52  14  years) ;  this  point  was  seized  upon  by  the  opponents 
of  teetotalism  as  showing  tnat  life  was  shortenerl  by  total  abstinence.  But  as  Dr  Owen  was 
careful  to  point  out,  no  &uch  deduction  is  admisfiihle,  as  the  average  age  of  the  abstaining 
doss  m  no  donbt  lesa  than  that  of  the  other— intemperate — cliss,  and,  therefore,  has  a  ffieftter 
average  liability  to  on  early  death.  It  may  be  doubted  whether  the  total  number  of  case* 
reported  on  in  this  inquiry — 1234 — was  sufficient  to  enable  trustworthy  conoluiiions  to  be 
drawn, 

I  A  nMv  dfr  Heitk,,  1860,  p.  97. 

*  Expermient«  on  this  point  by  SchuUnus,  AnFtie,  Ihiprv,  Thudichum»  and  others  prove  that 
ordinarily  the  urinary  ehminatioQ  is  i^light.  When  it  becomes  at  all  uiarkeil,  or  even  when  it 
oGours  at  all f  the  detection  of  alcohol  by  potassium  bichromate  and  sulphuric  acid  has  been 

aKMed  by  Austie  as  an  indication  of  the  point  when  as  much  alcohol  ho^  been  taken  as  con 
JHposed  of  by  the  botiy. 

*  A  good  easels  given  by  Or  Woodman  (Mtdical  Mirror^  July  1865), 

*  Arthitf  dtr  UtiU:,,  lS(5(i. 
^  lancet,  180S. 
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gome,    and   perhaps   much,    alcohol   disappears   in    tho   body  is    generally 
admitted.* 

If  alcohol  is  destroyed  in  the  body,  through  what  stages  does  it  pans  T 
The  statement  of  Duchek,  that  it  formji  aldehyde,  has  been  disproved.  Its 
easiest  transformation  out  of  the  Ixxl}'  in  into  acetic  acid  ;  but  when  aninude 
are  pxiisoned  with  alcohol,  Buchheim  and  Masing  could  detect  no  acetic  acid 
in  the  bloo^i;  still  the  amount  would  be  so  small  it  might  be  overlooked,  or 
the  acetic  acid  might  be  soon  transformed*  LaDemand,  Perrin,  and  Duruy 
could  lind  no  oxalic  acid.  If  it  he  true  tliat  the  pulmonary  carbonit^  acid  is 
lessened,  it  cannot  be  oxidised  to  carbonic  acid  and  eliminated  by  the  lungs 
unless  the  transformation  of  some  other  substajice  ordinarily  furnishing  car- 
bonic acid  is  arrested.  The  mode  of  destruction  is,  in  fact,  unknown.  The 
only  point  which  throws  any  light  ujK>n  it  is  the  shght  increase  of  acidity  in 
the  urine  during  the  use  of  alcohol,  which  looks  as  if  an  acid  of  some  kind 
were  formed  out  of  it. 

Pre^sent  experiments  show,  then,  that  some  portion  passes  out,  and 
another,  and  proliably  the  larger  portion,  is  giadually  destroycth  The 
place  w^here  the  partial  destruction  of  alcohol  occurs  is  yet  doubtful ;  but  it  is 
liot  impossible  that  the  transformation  should  take  place  in  the  various  gland- 
Icells  in  which  almost  all,  or  all,  the  changes  in  the  body  occur.  As  the 
tchange  out  of  the  body  w^hich  most  easily  occurs  is  tlie  formation  of  acetic 
lee  id,  it  seems  at  present  most  hkely  that  some  of  the  alcohol  is  thus  traui*- 

■  formed.     The  acetic  acid  would  then  unite  with  the  soda  of  the  bhHxl,  and 
a  airbonatc  would  eventually  he  formed  which  would  be  eliminated  with 

^  The  amount  eliminatecl  hy  these  channels  baa  been  vtuioufilj  stated.  Accordiug  to  Buitre,! 
from  experiments  on  hiniHi^lf,  thi'  nnionnt  eliminated  by  the  urine  and  breath  (he  did  not 
vxaiiime  the  skin)  u  only  a  niiuute  fraetion  of  that  taken  in,  and  it  takes  place  chiefly  in  the 

■  Urat  nlnti  honrs  ;  subsequtautly  the  auiount  is  excessively  small.  When  taKen  day  after  day 
I  tliere  is  no  accumulation  of  alcohol,  no  that  the  inference  Is^  tbat  an  »&  little  i»  eliminated 
Imljuast  all  must  be  destroyed.  Subbotiu's  experimentHS  were  on  robbiti^,  enclosed  in  a  t"los«d 
I  clitiml>er  through  which  the  air  was  slowly  drawn.  Like  Dupre,  he  tleterjiiine*]  the  atnount  by 
I  oxidising  the  alcohol  obtained  into  acetic  acid  by  chromic  acid  j  but  he  fountl  that  not  incon- 
Ifliilerable  quantities  (nichi  unbeirHchUichf  Menyen)  were  eliminate<l  through  the  lungK,  aud  skin 
|«ii(1  kidneys  iu  the  first  five  hours.  Contrary  to  Perrin,  Lalletiuuid,  aud  Duroy,  he  l^uud  twice  as 
I  y^.,,  (.  .  .  -,.,1  frojji  gjtijj  ^j^^\  lungs  ,is  from  tlie  kidney .«.»     In  11  hour^  he  found  12 "6  per  cent. 

^  ted,  aud  in  24  hours  !<?  per  cent,,  and  he  gives  rvaj^ouH  for  tiuppoAiug  that  the 

I  II  uf  the  experimeuU  (viz.,  thr  dilhoulty  of  changing  all  the  alcohol  into  acetic  acid  ; 

L  of  obUiiiiiug  the  alcohol  from  the  ehamVjer  ;  of  regulating  the  ventilation  ;  and  by  the  dimi- 
ftuntion  of  absorption  at  the  eu*l  of  the  exTieriment,  and  by  the  limitefl  tinje  the  experiment 
i  could  ha  carried  on)  made  the  amount  actnahy  recovered  far  le4i£  than  it  ^should  have  been. 
I  Anstie  made  nunusrons  experiments  on  the  nrine  and  sweat,  and  always  found  the  qnantitiee 
I  Terv  minute. 

I  With  regard  to  the  length  of  time  the  elimination  goes  on,  Bnpre  found  it  to  be  finished 
I  within  a  fe*  hours  ;  Sul>botin  found  that  the  elimination  was  imt  quite  euded  iu  24  ;  Perriu, 
I  Likllemaud,  aud  Duroy  found  it  to  go  on  for  3*2  hours.  The  late  Dr  Parkes  and  Count 
I  WoUowicx  found  that  minute  ouanUties  could  be  fonnd  in  the  urine  even  on  the  liflh  day  after  a 
I  large  quantity  of  brandy  had  been  taken,  though  tlie  elimmatiou  by  the  luugs  ceased  much 
i  •onner.  In  some  later  experiments,  with  small  quantities  of  beer  and  wine,  Parkes  fouuil  the 
I  elindufttiou  to  l>e  finished  in  24  hours. 

I  LieL»eu  «otice<l  some  year^  ago  that  a  substance  which  had  some  of  the  characters,  of  alcoliol 
^'was  fouuil  in  the  urine  of  persons  and  animab  who  had  taken  none.  Dr  Parkcs  and  Count 
I  Wollowicz  noticed  on  one  occasion  that  a  anbatauce  which  slightly  reduced  chromic  acid  was 
I  obLainefl  from  the  sweat  of  a  man  who  had  taken  no  alcohol,^  though  in  other  cases  (1:!.  Smith, 
rUn^tffA  MediecU  Jourtutl,  Xov.  2,  1861)  there  is  certainly  no  tmlMtauce  of  thin  kind  iu  the 
I  sweat  Dupru  abo  found  iu  the  urine  a  substance  furnishing  acetic  acid»  forming  iodoforin« 
I  and  having  a  lower  Rpocifie  gravity  and  a  higher  vapour  tension  than  pure  water.  The 
I  Amount  of  this  substance  is  so  minute  that  its  nature  cannot  \k*  jterfectly  made  out,  but  Licdmn 
I  couHiderH  it  not  to  l)e  alcohol,  but  [perhaps  to  be  deri veil  from  the  odoriferous  pri^  '  f  the 
I  nnui\     l>upre  doubts  this,  and  Parkea   observation  on  the  sweat  shows  that  lly 

■  Wso,  unless  the  »ame  Oilorons  substances  are  passing  oif  by  the  skin.  Dr  T  <  >i«<l 
fciiiltber  it  wm  an  invariable  constituent  of  urine,  as  he  could  find  none  iu  the  nrine^  ^t  three 
BillQitaUeri  which  were  examined. 


^Ro^  StKiMf,  No.  198,  p.  3<»nS73). 
^Rofal  Socittp,  Ko.  US,  p.  87  (1970) « 


■  ZtUtthrift  far  Bl«i,^  Band  vlL  p.  Ml  (18Ty), 
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the  urine,  as  in  the  case  when  acetates  are  taken.  ^  This  >yoiild  account  for 
the  pulmonary  carbonic  acid  not  being  increased.  K  this  view  be  correct, 
the  use  of  alcohol  in  nutrition  would  be  limited  to  the  effects  it  produces, 
first  as  alcohol,  and  subsequently  as  acetic  acid,  when  it  neutralises  soda,  and 
is  then  changed  into  carbonate. 

The  first  point  only  (its  effects  as  alcohol)  need  be  considered — 

Liflttence  of  Alcohol  on  the  Organs, 

1.  On  the  Stomach, — In  very  small  quantities  it  appears  to  aid  digestion  ; 
in  larger  amount  -it  checks  it,  reddens  the  mucous  membrane,  and  producea 
the  "  chronic  catarrhal  condition  "  of  Wilson  Fox,  viz.,  increase  of  the  con- 
nective tissue  between  the  glands ;  fatty  and  cystic  degeneration  of  the  con- 
tents of  the  glands,  and,  finally,  more  or  less  atrophy  and  disappearance  of 
these  parts.  ^    Taken  habitually  in  large  quantities  it  lessens  appetite. 

2.  On  the  Liver. — ^The  action  of  small  quantities  on  the  amoimt  of  bile,  or 
glycogenic  substances,  or  on  the  other  chemical  conditions  of  the  liver,  is  not 
known.  Applied  directly  to  the  liver  by  injection  into  the  portal  vein,  it 
increases  the  amoimt  of  sugar  (Harley).  Taken  daily  in  large  quantities,  it 
causes  either  enlargement  of  the  organ  by  producing  albuminoid  and  fatty 
deposit,  or  it  causes  at  once,  or  following  enlargement,  increase  of  connective 
tissue,  and,  finally,  contraction  of  Glisson's  capsule,  and  atrophy  of  the  portal 
canals  and  cells,  by  the  pressure  of  a  shrinking  exudation.  The  exact 
amount  necessary  to  produce  these  changes  in  the  liver  and  stomach  has  not 
yet  been  fixed  with  precision. 

3.  On  the  Spleen. — Its  action  is  not  known. 

4.  On  the  Lungs. — It  is  said  to  lessen  the  amount  of  carbon  dioxide  (and 
of  watery  vapour  ?)  in  the  air  of  expiration,^  though  there  are  some  discrep- 
ances in  experiments  with  different  kinds  of  spirits.  E.  Smith,  for  example, 
found  the  expired  carbon  dioxide  lessened  by  brandy  and  gin,  but  increased 
by  rum.  It  is  very  important  that  these  experiments  should  be  repeated, 
but  they  show,  at  any  rate,  that  the  usual  effect  is  not  to  increase  the  carbon 
dioxide.*  In  large  quantities  habitually  taken  it  also  alters  the  molecular 
constitution  of  the  lungs,  as  chronic  bronchitis  and  lobar  emphysema  are 
certainly  more  common  in  those  who  take  mucli  alcohol. 

5.  On  the  Heart  and  Blood-  Vessels. — Alcohol  in  healthy  persons  at  first 
increases  the  force  and  the  quickness  of  the  heart's  action.  Dr  Anstie  ^ 
confirmed  this  opinion  by  careful  sphygmographic  observations ;  these  effects 

1  In  experiments  on  large  Quantities  of  alcohol,  Parkes  found  the  acidity  of  the  urine 
slightly  increased.  This  woula  quite  agree  with  the  above  view,  as  the  union  of  the  acetic 
acid  or  carbonic  acid  formed  from  it,  with  some  of  the  alkali  ordinarily  united  to  other  acida, 
would  increase  the  urinary  acidity.  This  case  is,  of  course,  not  parallel  with  that  of  acetate 
of  potash  given  by  the  mouth,  which  makes  the  urine  alkaline  from  carbonate,  as  some  alkali 
in  that  case  is  introduced. 

2  These  changes  were  considered  by  Wilson  Fox  to  be  closely  allied  with  those  occurring 
in  cirrhosis  of  the  liver,  and  in  the  contracted  and  indurated  kidney.  See  Diseases  qf  the 
Stomachy  3rd  edition,  p.  125,  footnote  j  and  also  Reynolds'  SysUm  of  Medicine^  vol.  iL  p.  869, 
and  footnote. 

3  The  effect  of  red  and  white  French  wines  and  of  beer  has  been  very  carefully  examined  by 
Perrin  [Rec.  de  Mhn.  de  Mid.  Mil.,  1865,  p.  8*2) ;  a  very  great  diminution  in  the  amount  of 
carbonic  acid  (from  5*6  to  22  per  cent,  less  being  excreted)  was  noticed  in  all  the  experimenta. 
The  effect  commenced  soon,  and  reached  its  maximum  in  the  third  hour,  and  ceased  in  two 
hours  more.  The  pulse  after  meals  with  and  without  wine  had  equal  power,  but  after  a  time 
the  pulse  fell  more  when  wine  was  not  taken. 

■*  See  Binz,  Journal  of  Anatomy  and  Physiology  y  May  1874. 

*  In  a  paper  read  before  the  British  Association  in  1868  {^Medical  Times  and  Gazette^  Sep- 
teml)er  1868).  This  paper  shows  that  the  sphygmographic  indications  (combined  with  the 
urinary  test)  may  give  us  a  clue  to  the  often  difficult  question  whether  alcohol  is  doing  good 
or  harm  in  disease. 
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are  still  moro  uiurkeil  in  fL^irile  (lisetises  if  alcohol  acU  favouraMy  (in  souio 
febrile  casos  it  appears,  from  Ans?tie's  observations,  not  to  increase  the  power 
of  the  heart).  In  a  heultliy  man,  Dr  Parkes  fotintl  that  l»mndy  ^  augmented 
the  rapidity  of  the  juilso  13  per  cent.,  and  the  force  wa^  also  inrreased  ; 
taking  the  usual  e.stinuite  of  the  heart's  work,  its  daily  excess  of  work, 
with  4 '8  fluid  ounces  of  absolute;  alcohol,  wa^?  equal  to  15*8  tons  lifted  one 
foot.  With  claret  the  results  were  almost  identical.  The  perioil  of  rest  of 
the  heart  wa^  shorti'ued,  and  its  nutrition  nmst  therefcu-e  have  been  inter- 
leeoA  with.  In  another  man,  Dr  Parkes  found  frtmi  4  t^j  8  ounces  of 
blllllly  produceil  pal  pi  tilt  ion  and  Vir^'athlessne^ss.  Alcohol  causei;  evident 
dilatation  of  the  auperficial  vessels,  iis  shown  by  the  redness  and  flushing  of 
tlie  skin  ;  and  in  the.sc  experiments  sphygmographic  observations  also  proved 
that  the  arteries  dilated  more  easily  before  the  fuller  current  thrown  out  by 
the  .stronger  acting  heart.  If  it  were  not  for  this  yielding  of  the  vessels 
(produced  perhaps  by  paralysis  of  the  vasomotor  nerve>*)  alcohol  would  be  a 
most  dangerous  agent,  as  either  the  strong  wave  would  breidc  the  vessel,  or 
the  heart  would  not  Ije  j^roperly  emptied  of  the  blood  during  the  contrac- 
tion. It  seems  likely,  therefore,  that  there  must  be  danger  in  the  use  of 
alcohol  wlien  the  arteries  become  rigid  in  ail  vane  ing  life,  if  the  heart  is  then 
su8ceptil»le  to  the  action  of  alcohol.  Kventtially  the  veasels  of  the  surface 
pass  into  a  stiite  of  permanent  slight  enlargement  and  turgescence  ;  the  akin 
ilters  in  appearance  ;  and  owing  to  this,  persons  who  take  much  alcohol  soon 
get  the  appearance  of  sige.  In  some  diseiise^,  alcohol  is  said  to  lessen  the 
frequency  of  the  heart's  action ;  and  Anstie  foimd  it  iucreiise  arterial  ten- 
sioiL  In  such  ciises  there  must  be  peculiar  nervous  conditions  with  which 
we  are  unacquainted,  I>r  Parkes  found  it  usually,  if  not  always,  increase 
the  frequency  of  the  heart  in  disciise,  and  in  some  patient^s  the  rapidity  of 
the  heart  s  action  was  simply  owing  to  the  administration  of  alcohol  Anstie 
believed  it^s  principal  action  was  on  the  sympathetic  nerve,  and  the  vascular 
phenomena  seem  to  strengthen  this  view,  while  others  thiidc  it  acts  especially 
on  the  vagus  and  the  heart  alone. 

0.  On  the  BIo^mI. — The  amount  of  fat  is  either  increased,  or  it  is  more 
visible.     The  chemical  changes  in  the  blood  are  partially  arresttid.'- 

7.  On  the  Nervoiis  Stfstem. — In  most  jiersons  it  acta  at  once  as  an 
amesthetic,  and  lessens  also  the  rapidity  of  impressions,  the  power  of  thought, 
and  the  perfection  of  the  senses.  In  other  cases  it  seems  to  cause  increased 
rapidity  of  thought,  and  excites  imagination,  hut  even  here  the  power  of 
control  over  a  train  of  thought  is  lessened.  In  no  case  does  it  seem  to 
increase  accuracy  of  sight ;  nor  is  there  any  gooti  evidence  that  it  quickens 
hearing,  taste,  smell,  or  touch  ;  indeed,  Edwanl  Smith  s  experiments  show 
that  it  diminishes  all  the  senses.  In  almmt  all  case^  moderate  quantities 
cause  a  feeling  of  comfort  and  exhilaration,  which  ensues  so  quickly  as  to 
make  it  proba1«le  the  local  action  on  the  nerves  of  the  stomach  has  at  first 
something  to  do  with  this.  Aiterwards  the  increased  action  of  the  heart 
may  have  an  effect,  DilTerent  spirits  act  differently  on  the  nervous  system, 
owing  probably  io  the  presence  of  the  ethers  and  oils ;  some,  as  samshu  ^ 

*  %m  imp<?T»  by  Dr  Purkivj  aarl  Cmxni  Wollowici,  in  Prmredinyg  qf  Hoyai  S^tr.itiu^  No.  120 
ind  132  ;  mid  Another  pAinor  by  Dr  Farkcr.s,  Noi  13d,  for  the  clTiiK^t  of  alcohol  on  the  licnrt  dur- 

«  HAfley,  Prmefdin{f9  of  Rojfcd  Sorktt/,  Marrb  l«r»5j  No.  $2,  p.  160. 

potv'  "    '     '   \  1>Y  w»*ii;hl       ^  vva«  tfiftdii  up  of  i^'874 

,^T  rtloohol  :  of  fhMt  tMid  (fUmott  nil 

Act!  ._  rely)  (iOl,  i  0*0<J  per  eeot     Cb«ip 

BfttiiNhu  gave  nearly  the  same  result,  Thcw  «eeiiis  to  be  uoLhiug  deleteriona  htsre  ;  Aud  from 
iuqnirit^  Among  noklier^  who  have  served  in  Hong-Kong,  it  Keem«  doubttu]  whether  good 
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and  raki,  protlut-'c  j^iit  excitement,  followed  by  profound  U^i*por  and 
depression.  Absinthe  is  also  especially  hurtful^  apparently  from  the  pre- 
sence of  the  essential  oils  of  anise,  worrawomi,  end  angelica,  as  well  aa 
from  the  large  amount  of  alcohol.  It  appears  that  the  properties  of  absinthe 
are  somewhat  diflerent  ficcoiding  to  the  manner  in  which  water  is  mixe<l  with 
it,  *.f,,  suddenly  or  i^Iowly  ;  in  the  latter  ciise  the  particles  of  the  aljsinthe 
arc  more  divided,  are  absorbed  more  ejisily,  and  [irtxlnce  greater  eflV^ct^.  Ln 
all  these  cases  there  can  l>e  little  dovibt  that  ulf^ohol  enters  into  tcm|joniry 
eombination  witli  the  nervons  structure ;  and  the  evidence  from  the  impair- 
in  en  t  of  special  sense  and  muscular  power  implies  that  it  interferes  with  the 
movements  of  the  nervous  cuiTent^s. 

8.  On  (he  Muscular  Sf/sfem. — Voluntary  muscular  power  seems  to  be 
lessened,  and  this  is  most  marked  wdien  a  large  amount  of  alcohol  is  tjikeii 
at  once ;  the  liner  combined  movements  are  less  perfectly  made.  T\1iether 
this  is  by  direct  action  on  the  muscular  fibres,  or  by  the  influence  on  thi? 
nerves,  is  not  certain.  In  very  large  doses  it  paralyses  either  tlie  respimtory 
muscles  or  the  nerves  supplying  them,  and  death  sometimes  occiu-s  from 
the  interference  with  respiration. 

9.  On  the  Mdaviorphmu  of  Tissue, — This  is  nsiially  stated  to  he  lessened, 
and  it  has  been  said  that  there  is  a  diminution  in  the  elimination  of  nitrogen 
(as  nrea)  and  of  carbon  {as  carbon  dioxide).  But  the  experiments  already 
referred  to  by  Count  Wollowicz  and  Dr  Parkes  ^  prove  that  the  metamor- 
phosis of  the  nitrogenous  tissues  is  in  no  way  interfered  with  by  dietetic 
doaes.  Whether  the  carbon  dioxide  excretion  is  really  lessened  may  also 
be  qnestioncd. 

10.  On  the  T^mptrahiTf  of  the  Body. — When  alcohol  is  given  to  healthy 
animals  in  full  but  not  excessive  doses,  the  temperature  of  the  b«>dy  fulls. 
This  seems  to  be  shown  conclusively  by  the  exiJeriinents  of  Ringer  and 
Rickards,  Richardson,  Binz,  Cuny-Bouvier,  and  Rugc.  In  healthy  men  wlio 
have  been  acc\istoTned  to  take  alcohol  in  moderate  quantities  the  results  are 
rather  contradictory.  In  a  man  accustomed  to  alcoliol,  Ringer  found  no 
change ;  in  tw*o  men,  temperate,  hut  accustomed  to  take  beer  and  sometimes 
spirits,  Parkes  could  not  detect  any  raising  or  lowering  of  the  thermometer 
either  in  the  axilla  or  rectum.^  Dr  Mainzer  found  no  fall  of  temperature  *  ia 
trials  on  himself,  but  a  slight  fall  in  another  healthy  person.  Some  cxpieri* 
merits  by  Ubernier*  and  l*y  Fokker^  are  also  qiiit^r  negative.  On  the  other 
hand,  Ringer,  Bin^:,  and  Bouvier  noticed  in  some  healthy  persons  a  decrease 
of  temperature ;  aud  though  some  of  the  experiments  arc  evidently  rather 
inaccurate,  and  tliough  the  fall  of  temperature  was  inconsiderable^  it  id 
difficult  to  refuse  belief  thiit  in  some  cases  there  may  be  a  slight  depression 
of  temperature,"* 

In  febrile  cases  the  evidence  is  almost  equally  divided.  In  a  man  on  whom 
Parkes  was  experimenting,  an  attack  of  catiirrh  came  on  w^ith  rise  of 
temperature,  *ind  alcohol  did  not  apparently  afl^t  the  heat  in  the  leosL 

Bamabu  does  produce  the  effects  ascribed  to  it.  It  is  j»robtiMy  the  adulterated  fwith  opium, 
Icr,)  article  which  acU  «o  violently.  The  Cape  brandy  is  of  two  kinds— the  Cape  oxid  the 
Bolt  bran-ly  :  the  ktter  n  stronger,  nnd  is  «ometiine.4  called  j>each  brandy  ;  this  appears  to 
be  thi'  burtl'nl  kind 

1  Proct'tdnois  qf'  liounl  SiKuiy,  Kw,  I2M23  and  133.  a  lUd, 

8  Utht^r  die  Einwuktiti<j  dfs  Alkokol^^  Inau,  Diss.,  Bonn,  1870. 

*  AfrhivjUr  dir  f/fj^.  PhyM.,  Band  ii.  p.  494. 

•  Quntod  by  HuJ*«nmnn,  Jakrexh,  fUrdif  -7<t»,  Mrd^^  1871,  Band  i.  324* 

«  T'  '  .;//)  Hnds  that  siimll  (dietotic?)  doacs  produce  no  chftiif^;  l^ive  im!  iiifn- 
do  1  fall  from  i?  '5  to  5*  F,  lasting  for  four  or  five  hours.     Habit,  no \v...r    [ a  ^. 

dtit  ( ,,     Iji  tht5  body,  after  death,  Ibe  temperature  often  risefi,  but  if  alcohol  Uii<  i  ♦  * >ii 

admin  L»>Uir«^l  previously « it  does  not  do  f>Oj — hence  Bina  concludes  that  the  effect  b  arrest  af 
chemical  cfaaiigo«  in  the  glandfi. 
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O.  Weber,  Oboruier,  atirl  Kubow  were  equally  unsuccessful  in  noting  a  Ml  in 
temperature.  Bim:  and  (J.  Bouvier  *  have,  however,  produced  septic  fever  in 
animals,  and  then  lowered  the  febrile  heat  hy  large  doses  of  alcohol,  in  what 
appears  to  have  been  an  unmistakable  manner,  in  several  cases. 

We  may  conehidc  that  the  effect  of  moderate  doses  on  temperature  in 
Ih  althy  men  is  extremely  slight ;  there  is  no  increase,  and  in  many  persons  no 
decrease.     In  ihom  in  whom  there  is  a  slight  decrease,  the  amount  is  trifling. 

11 ,  On  (he  Ai^tion  of  tke  Eiiminalimj  drf/ajitt. — The  water  of  the  urine  and 
the  acidity  arc  slightly  incTcased  ;  but  Ih  Parkes  found  other  ingi*edicnts 
were  unaffected.  The  condition  of  the  skin  is  not  certain,  Dr  E.  Smith 
thought  the  perspiration  lessened,  but  Weyricb  noticed,  after  spirits,  beeti 
and  wine,  a  large  increase  in  the  insensible  cutaneous  ]>erspiration ;  and  the 
enJargement  of  the  vessels  of  the  skin  would  probably  lead  to  increased 
transit  of  fluid, 

12.  Hemote  Rfft^ds  of  AhohoL — ^Thc  degenerative  changes  which  occur  so 
frei[uently  in  the  st^.imaeh,  liver,  and  other  organs  by  the  constant  introduc- 
tion of  impDipT  quantities  of  alcohol  into  the  body,^  affect  also  almost  all 
parts  of  the  boily.  The  brain  and  its  membranes,  and  its  vessels,  suffer 
early  and  principally;  and  Kremiansky^  has  prodticed  hsemorrhagic 
meningitis,  and  pathological  changes  in  the  brain- vessels  and  membranes  in 
dogs,  by  gi\ing  them  alcohol.*  There  is  no  question  that  several  brain 
diseases,  including  some  c^ses  of  insanity,  are  produced  by  exces.s  of  alcohoL^ 
So,  also,  degenerative  changes  in  the  stomach,  liver,  lungs,  and  probably  in 
the  kidneys  ^  reault  from  immoderate  use.  To  use  Dickinson's  expressive 
phrase,  alcohol  is  the  very  **  genius  of  degeneration.**  And  the^e  alcoholic 
degenerations  are  certainly  not  confined  t^o  the  notoriously  int<?mperate. 
They  have  been  seen  in  women  accustomed  to  take  \vine  in  quantities  not 
excessive,  and  who  would  have  been  sliucked  at  tin*  im|>utatinji  that  they 
were  taking  too  much,  although  in  their  case  the  result  proveil  that  for  them 
ll  was  excess.  The  nature  of  the  degenerative  changes  appears  to  be  in  aU 
cases  the  same,  viz.,  fibroid  and  fatty  changes. 

Considering,  also,  the  great  incrciise  in  the  action  of  the  heart,  and  the 
dilaLition  of  the  vessels,  it  can  scarcely  he  doubted  that  alcohol  in  excess  ia 
one  of  the  agencies  causing  disease  of  the  circulatory  organs. 

h  Alcohol  cleMrabU  as  an  Article  of  Diet  in  Health  f 

Thifl  question  is  so  large  and  difficult  that  a  satisfactory  answer  can  hardly 
given  with  otir  pre^sent  knowledge.     The  dat^a  for  passing  a  judgment  are 
physiological,  but  still  more  largely  empirical 

obvious  useful  pliysio logical  actions  of  alcohol  are  an  improvement 
appetite,  produced  by  small  quantities,  and  an  increased  activity  of  the 
circulation,  which,  within  certain  limits  may  be  beneficial     It  is  ditlicultto 
perceive  proof  at  present  of  any  other  useful  action,  fiince  it  is  uncertain 
whether,  during  its  partial  destruction  in  the  system,  it  gives  rise  to  energy, 

I  S«e  feftpucmlty  Pharmakot*^}i*chj'  Stftdim  Uhir  dtn  Alkohoi^  von  C  Boovier,  Bttrliu,  1872. 
'  A  V.  -  '      '  paper  on  ihl       '  un&  hmn  publiehuil  by  Dickiason  {Ijint^tt  November 

1872)      I  i  4t4irtl(ni^<  amnens©  degenerative  power  of  alcohol 

*  Vir.  i>,  fioDilxli     : 

*  Sec  ttivj  Llie  vxperlmetits  by  Mii^imti  ^Sur  l*AlcodijnnjFi). 

*  Mugnan  »tate»  the  two  tenninntioDii  of  chronic  alcoholism  to  be  dtrngnUa  And  gmtrat 

^  AaiUeand  Dlckinnou  bav«  detiiivl  that  the  kldnoya  sufTer  in  ftlcohoUi^m  Lit  uny  ^rotX 
degree.  It  b  an  open  question  ;  bat  the  ovidcnca  is  in  favoiLr  or  kidney  dtigeriernUou  iHstng 
one  of  the  efectA  of  iLlcoh:>li«nL  Dr  Gaorgj  Johnson  atAte^  that  out  of  2)lK)  patienta  with 
Briffht'e  di««49e  from  all  ciuses,  he  found  no  leaft  than  58  were  drunkordt^ 
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In  cases  of  disease,  m  addition  to  its  effecl  on  digestion  and  circulation,  its 
narcotising  intiueuce  on  the  nervous  system  may  be  sometimes  usefiU*  Beale 
suggests  that  it  may  restntin  tlie  rapidity  of  abnormal  giTiwth  or  develop- 
ment of  multiplying  celk,  and  tliat  by  such  aiTest  it  may  possibly  diminish 
bodily  temperature  ;  but  proof  of  this  has  nut  be  given. 

The  dangerous  physiologicul  at^tiona  in  health,  ivhen  its  quantity  is  larger, 
are  evidently  its  inHuence  on  the  nervous  system  generjdly,  and  on  tlie 
regidating  nerveH:^f  ntros  of  tho  heart  and  vfuw-mottir  nerves  in  particular  ;  ^ 
the  impairment  of  appetite  produced  by  large  doses  ;  th«^  lessening  of  muscular 
strength  ;  and  remotely  the  prcMiuction  of  degetieratirms.  Except  when  it 
lessens  appetite,  it  does  not  alter  the  transforuiatiuti  of  the  nitrogenous 
tissues  and  the  elimination  of  nitrogen  ;  nor  can  it  be  held  hj  be  absolutely 
proved  to  lessen  the  excretion  of  carbon.  If  it  did  so,  this  effect  in  health 
would  be  simply  injurious. 

It  is  a  matter  of  the  highest  importance  to  determine  when  the  limit  of 
the  useful  eifect  of  alcohol  is  reached.  The  experiments  are  few  in  number, 
but  are  Uilerahly  accurat-e.  From  experiments  made  by  Dr  Anstie,  an 
amount  of  one  fluid  oimce  and  a  half  (42*6  c.c.)  caused  the  apj^^arance  of 
alcohol  in  the  urine,  which  ilnstie  regards  as  a  sign  that  as  much  has  been 
taken  as  can  he  disposed  of  hy  the  body.  Parkes  aucl  AVollowicz  oV 
tained  almost  precisely  the  same  re^t.  When  only  one  fluid  ounce  of 
{ibsithite  alcoliol  was  given  none  could  be  detected  in  the  urine.  They 
found  that  in  a  strong  healthy  man,  accustomed  to  alcoliol  in  modera- 
tion, the  quiiutity  given  in  twenty-four  liours  that  begins  to  produce  effects 
which  can  be  considered  injurious  is  sometlilng  lK3tween  one  fluid  ounce 
{  =  28*4  c.c.)  and  two  fluid  ounces  (-56-7  c.c).  The  effects  which  can  then 
be  detected  are  shght  but  evident  narcosis,  lessening  of  appetite,  increasexi 
rapidity  of  rise  in  the  action  of  the  heart,  greater  dilatation  of  the  small 
vessels  as  estimated  hy  the  spliygmogniph,  and  the  appearance  of  alcohol  in 
the  urine.  These  eflects  manifestly  mark  the  entrance  of  that  st^ige  in  the 
greater  degrees  of  which  the  poisonous  eflTeets  of  alcohol  become  manifest  to  alL 

It  may  l>e  cunsidered,  then,  that  the  limit  of  the  useful  efl'ect  is  produced 
by  some  quantity  between  1  and  1|  fluid  ounces  in  twenty-four  hours.  There 
may  he  persons  wljoae  bodies  can  dispose  of  larger  quantities  ;  but  as  th© 
experiments  were  made  on  two  |:>owerful  healthy  men,  accustomed  to  take 
alcohol,  the  average  amount  was  more  likely  to  be  over  than  under  stated. 
In  women,  the  amount  required  to  produce  decided  bad  effects  must,  in  all 
probability^  be  less.  For  children,  there  is  an  almost  universal  consent  that 
alcohol  is  injurious,  and  the  very  small  quantity  wliich  produces  symptoras  of 
intoxication  in  them  indicates  that  they  absorb  it  rapidly  and  tolerate  it  badly. 

Assuming  the  correctnesa  of  these  exprimental  data^  which,  though  not 
extensive,  are  yet  apparently  exact,  it  is  evident  that  moderation  must  be 
something  below  the  quantities  mentioned ;  and  considering  tlie  dangers  of 
taking  excess  of  alcohol,  it  seems  wisest  to  assume  1  to  H  fluid  ounces  of 
iibsolute  alcohol  in  twenty-four  hours  as  the  maximimi  nmount  which  a 
healthy  man  should  take.  It  must  be  admitted  that  this  is  provisional,  and 
that  more  experiments  are  necessjiry ;  but  it  is  based  on  the  only  safe  data 
we  possess.  One  ounce  is  equivalent  to  2  fluid  ounces  of  brandy  (containing 
50  per  cent,  of  alcohol)  ;  or  to  5  ounces  of  tlie  strong  wines  (slierriee,  &c.,  20 

i  This  influence  U  probably  a  paralyainfic  Agency,  arisinjf  from  &  direct  though  tn&Kitorjr 
UBioii  of  the  lilcohol  with  tbe  nervous  :-;ubstaDce.  RichardBon  hna  mrule  the  vury  ImporrlAttt 
d)Bcov4E*iy  that  tho  alcohols,  auch  as  the  butyl,  amyl,  Aud  hexyl  uh  nhoN,  which  contain  more 
carbon,  produce  a  much  greater  effect  on  the  nerrous  system  thau  iiitsthyl  and  ethyl  aloobol. 
There  lire  greater  muacnlar  tremors  and  stupor,  and  these  effects  ineroase  reg^darly  with  the 
iucrcogi:  of  carbon  and  le^euing  volatility. 
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per  cent,  of  alcohol) ;  or  to  10  ounces  of  the  weaker  wines  (clarets  and  hocks, 
10  per  cent,  of  alcohol) ;  or  to  20  ounces  of  beer  (5  per  cent  of  alcohol).  If 
these  quantities  are  increased  one  half,  1 J  ounce  of  absolute  alcohol  will  be 
taken,  and  the  limit  of  moderation  for  strong  men  is  reached.  This  standard 
appears  to  be  fairly  correct ;  since,  from  inquiries  of  many  healthy  men  who 
take  alcohol  in  moderation,  Parkes  found  that  they  seldom  exceeded  the 
above  amounts.  Women,  no  doubt,  ought  to  take  less ;  and  alcohol  in  any 
shape  only  does  harm  to  healthy  children. 

Another  question  now  arises,  to  which  it  is  more  difficult  to  reply.  Is 
alcohol,  even  in  this  moderate  amount,  necessary  or  desirable  ?  are  men  really 
better  and  more  vigorous,  and  longer  lived  with  it  than  they  would  be  with- 
out any  alcohol  ?  If  distinctly  hurtful  in  large  quantities,  is  it  not  so  in 
these  smaller  amounts  ? 

There  is  no  difficulty  in  proving,  statistically,  the  vast  loss  of  health  and 
life  caused  by  intemperance;  and  the  remarkable  facts  of  the  Provident 
Institution  show  the  great  advantage  total  abstainers  have  over  those  who, 
though  not  intemperate,  use  alcohol  more  freely.  But  it  is  almost  impossible, 
at  present,  to  compare  the  health  of  teetotallers  with  those  who  use  alcohol 
in  the  moderate  scale  given  above.  In  both  classes  are  found  men  in  the 
highest  health,  and  with  the  greatest  vigour  of  mind  and  body ;  in  both  are 
to  be  found  men  of  the  most  advanced  age.  If  the  question  is  looked  at 
simply  as  a  scientific  one,  it  is  hardly  possible  at  present  to  give  an  answer. 
Failing  in  accurate  information  on  this  point,  the  usual  arguments  for 
and  against  the  use  of  alcohol  cannot  be  held  to  settle  the  point.  These 
are — 

(a)  That  the  universality  of  the  habit  of  using  some  intoxicating  drink 
proves  utility.  This  seems  incorrect,^  since  whole  nations  (Mohammedan 
and  Hindoo)  use  no  alcohol  or  substitute  ;  and  since  the  same  argument 
might  prove  the  necessity  of  tobacco,  which,  for  this  generation  at  any  rate, 
is  clearly  only  a  luxury.  The  wide-spread  haliit  of  taking  intoxicating 
liquids  merely  proves  that  they  are  pleasant. 

(b)  That  if  not  necessary  in  healthy  modes  of  life,  alcohol  is  so  in  our 
artificial  state  of  existence,  amid  the  pressure  and  conflict  of  modem  society. 
This  argument  is  very  questionable,  for  some  of  our  hardest  workers  and 
thinkers  take  no  alcohol.  There  are  also  thousands  of  persons  engaged  in 
the  most  anxious  and  incessant  occupations  who  are  total  abstainers,  and, 
according  to  their  own  account,  with  decided  benefit. 

(c)  That  though  it  may  not  be  necessary  for  perfectly  healthy  persons, 
alcohol  is  so  for  the  large  class  of  people  who  live  on  the  confines  of  health, 
whose  digestion  is  feeble,  circulation  languid,  and  nervous  system  too 
excitable.  It  must  be  allowed  there  are  some  persons  of  this  class  who  are 
benefited  by  alcohol  in  small  quantities,  and  chiefly  in  the  form  of  beer  or 
light  wine.  Unless  these  persons  wilfully  deceive  themselves,  they  feel 
better,  and  are  better  with  a  little  alcohol. 

(d)  That  common  experience  on  the  largest  scale  shows  that  alcohol  in 
not  excessive  quantities  cannot  be  an  agent  of  harm  ;  that  it  is  and  has  ])een 
used  by  millions  of  persons  who  appear  to  suffer  no  injury,  but  to  be  in  many 
cases  benefited,  and  therefore  that  it  must  be  in  some  way  a  valuable  adjunct 
to  food.  A  grand  fact  of  this  kind  must,  it  is  contended,  override  all  objec- 
tions based  on  physiological  data,  which  are  confessedly  incomplete,  and 
which  may  have  left  undiscovered  some  special  useful  action.  It  must  be 
admitted  that  this  is  a  very  strong  argument,  and  that  it  seems  incredible 

1  MoRt  nations,  however,  if  not  all,  use  some  sedative  which  may  1)e  cooBidered  to  take 
the  place  of  alcohol  (F.  de  C). 


342  BEVERAGES  AND  CONDIMENTS. 

that  a  large  part  of  the  human  race  should  have  fallen  into  an  error  so  gigantic 
as  that  of  attributing  great  dietetic  value  to  an  agent  M'hich  is  of  little  use  in 
small  quantities,  and  is  hurtful  in  large.  At  first  sight  the  common  sense  of 
mankind  revolts  at  such  a  supposition,  but  the  argument,  though  strong, 
is  not  conclusive;  and  unfortunately  we  know  that  in  human  affairs  no 
extension  of  belief,  however  wide,  is  per  se  evidence  of  truth. 

(e)  That  though  a  man  can  do  without  alcohol  under  ordinary  circum- 
stances, there  are  certain  conditions  when  it  is  useful.  It  will  be  necessary 
to  see,  then,  what  is  the  evidence  on  this  point. 

Evidence  on  the  Use  of  Alcohol  under  certain  Conditions} 

Great  Cold. — There  is  a  singular  unanimity  of  opinion  on  this  point :  all 
observers  condemn  the  use  of  spirits,  and  even  of  wine  or  beer,  as  a  preven- 
tive against  cold.  In  the  Arctic  regions  we  have  on  this  head  the  evidence 
of  Sir  John  Richardson,  Mr  Goodsir  (in  Sir  J.  Franklin^s  first  voyage),  Dr 
King,  Captain  Kennedy  (in  the  last  search  for  Sir  J.  Franklin,  when  the 
whole  crew  were  teetotallers),  Dr  Rae,  Dr  Kane,  Dr  Hayes  (surgeon  of  the 
Kane  expedition),  and  others.  Dr  Hayes,  indeed,  says  in  his  last  paper 
(1859)  that  he  will  not  only  not  use  spirits,  but  will  take  no  man  accustomed 
to  use  them ;  and  that  if  "  imperious  necessity  obliges  him  to  give  spirits,  he 
will  give  them  in  small  doses  frequently,  as  the  excitant  action  is  followed  by 
a  very  dangerous  depression."  ^  In  the  Antarctic  regions,  and  in  the  cold 
whaling  grounds,  we  have  the  strong  evidence  of  Dr  Hooker  to  the  same 
purport,  and  the  customs  of  the  many  teetotal  whalers.  Ulloa  long  ago 
noticed  the  same  thing  in  the  ascent  of  Pichincha.^  In  North  America  the 
Hudson's  Bay  Company  entirely  excluded  spirits,  partly,  no  doubt,  to  prevent 
their  use  among  the  Indians,  but  partly,  in  ail  probability,  from  experience  of 
their  inutility.  Dr  Carpenter  quotes  from  Dr  Kniill  a  statement  that  the 
Russian  army  on  the  march  in  cold  weather  not  only  use  no  spirits,  but  no 
man  who  has  lately  taken  any  is  allowed  to  march.  The  guides  at  Chamouni 
and  the  Oberland,  when  out  in  the  winter,  have  invariably  found  spirits 
hurtful ;  they  take  only  a  little  light  Avine  (Forbes).  The  bathing  men  at 
Dieppe,  who  are  much  exposed  to  cold  from  long  sbmding  in  the  sea,  also 
find  that  spirits  are  hurtful,  and  take  only  a  little  weak  wine  (Levy). 

Great  Utai. — The  evidence  here  also  is  almost  equally  conclusive  against 
the  use  of  spirits  or  beverages  containing  much  alcohol.  Dr  Carpenter  has 
assembled  the  most  conclusive  testimony  from  India,  Brazil,  Borneo,  Africa, 
and  Demerara.  The  best  authorities  on  tropical  diseases  speak  as  strongly 
— Robert  Jackson,  Ranald  Martin,  Henry  Marshall,  and  many  others.  It 
seems  quite  certain,  also,  that  not  only  is  heat  less  well  borne,  but  that  heat- 
stroke is  predisposed  to. 

The  common  notion  that  some  form  of  alcoholic  beverage  is  necessary  in 
tropical  climates  is  a  mischievous  delusion.  In  the  84th  Regiment,  in  which 
Dr  Parkes  formerly  served,  which  from  the  years  1842  to  1850  numbered 

1  See  Carpenter's  Essay  on  Temperance^  and  his  other  writings,  and  also  Spencer  Thomson's 
nseful  work  on  the  same  subject,  as  well  as  many  other  writers. 

2  Some  Arctic  voyagers,  however,  are  strongly  impressed  with  the  value  of  rum  under 
certain  circumstances  (Admiral  Richards).  The  experience  of  the  expedition  of  1875-76  seems 
to  have  shown  that  it  was  partially  useful  given  the  last  tldng  at  night,  as  enabling  the  men 
to  get  off  their  frozen  clothing,  but  it  had  no  effect  in  warcling  off  scun'y.  Biuz  says  that 
alcohol  nny  be  useful  in  damp  and  cold,  because  the  tissue  change  is  greater,  and  we  can  thus 
moderate  it. 

8  He  says  (Adam's  translation,  1807,  vol.  i.  p.  219) :  "  At  first  we  imagined  that  drinking 
strong  liquors  would  diffuse  a  heat  through  the  body,  and  consequently  render  it  less  sensible 
of  the  pamful  sharpness  of  the  cold  ;  but  to  our  surnrise  we  felt  no  manner  of  strength  in 
them,  nor  were  they  any  greater  preventative  against  tne  cold  than  common  water." 
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teetotallers  (at  ont?  time  more  than  400)  in  its  runks,  the  rccuixls 
showed  that,  both  on  coniiiKin  tropical  service  and  on  muptihes  in  India,  the 
teetotiiUers  were  more  healthy,  mure  vigorons,  and  far  better  soldiers  than 
those  who  did  not  alxstitim^  The  experience  of  almost  every  hunter  in  India 
will  he  in  accordance  with  this. 

iJn  thiR  point  the  greatest  army  surgeons  have  spoken  strongly  (Jackson 
especially,  and  Martin).'*  Bryden  has  shown,  with  regard  Uy  thin  point,  that 
nothing  is  more  inimical  to  the  acclimatising  j)roces8  in  India  than  the 
habitual  use  of  alcohoL 

With  regard  to  service  and  exercise  in  the  tropics  we  have  the  strong 
testimony  of  Ranald  Martin  that  wann  tea  is  the  beM  beverage ;  and  this 
will  be  corroborated  by  every  one  who  has  made  long  marches,  or  Imnting 
excursions,  in  India,  and  has  cjirefully  observed  what  kind  of  diet  best  suited 
him. 

To  cite  a  well-known  individual  instance  of  great  exextion  in  a  hot  climate, 
Robert  Jackson  marched  118  nfiles  in  Jamaica,  carrying  a  load  equal  to  a 
soldier's,  and-  decided  that  **  the  English  soldier  may  be  rendered  r^ipahle  of 
going  tb rough  tbe  severest  military  service  in  the  Wrst  Indies  ;  and  that 
temperance  will  be  one  of  tlie  best  means  of  enabling  him  to  perform  his  duty 
with  s,*iiety  and  effect  The  use  of  ardent  spirits  is  not  necessary  to  enable  a 
European  to  undergo  the  fatigue  of  marching  in  a  climate  whose  mean  tem- 
perature is  from  73"  to  80/  I  have  always  found  the  strongest  liquors  the 
most  enervating/' 

Bodiiy  Lahour, — A  small  quantity  of  alcohol  docs  not  seem  to  produce 
much  effect,  but  more  tban  tw^o  fluid  ounces  manifestly  lessens  the  power  of 
snsttiined  and  strong  muscular  work.  In  the  ciu^e  of  a  man  f>n  whom  Dr 
Parkes  experimented,  1  fluid  ounces  of  brandy  ( =  I  *8  fluitl  ounces  of  abso- 
lute alcohol)  did  not  appar*^ntly  atfect  labour^  though  it  could  not  be  affirmed 
it  ditl  not  do  so  :  Itut  \  ounces  more  given  after  four  hours,  when  there  must 
have  lK*en  some  elimination,  lessened  muscidur  force  ;  and  a  tlui'd  4  ounces^ 
given  four  houi*s  afterwards,  entirely  destrttyed  tlie  power  of  work.  The 
reason  was  evidently  twofold.  There  was,  in  the  first  place^  narcosis  and 
blunting  of  the  nervous  system — tbe  will  did  mjt  ]»roperly  send  its  commamls 
to  the  uiusch^s,  or  the  muscles  did  not  resi>ond  to  the  will;  and,  secondly, 
the  surtion  of  the  beart  was  too  much  increased,  and  induced  palpitation  and 
breatldessness,  wbich  put  a  stop  to  labour.  The  inferences  were,  that  even 
any  amount  of  alcohol,  altbough  it  did  not  produce  symptoms  of  narcosis, 
w^ouhl  act  injuriously,  by  increasing  unnecessarily  the  action  of  the  heart, 
which  the  lalxvur  alone   had  sufliciently  augmented,'^     These  experimeiita 


»  See  Carpenter's  Ph^fMiolo^y  of  Temperanet  for  fall  iletAils.     Tlie  oftietjrs  who,  by  their 
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are  in  accord  with  common  experience,  which  shows  that  men  engaged  in 
very  hard  labour,  as  iron-puddlers,  glass-blowers,  navvies  on  piece-work,  and 
prize-fighters  during  training,  do  their  work  more  easily  without  alcohol. 

In  the  exhaustion  following  great  fatigue,  alcohol  may  be  useful  or  hurtful 
according  to  circumstances.  If  exertion  must  be  resumed,  then  the  action 
of  the  heart  can  be  increased  by  alcohol  and  more  blood  sent  to  the  muscles; 
of  course,  this  must  be  done  at  the  expense  of  the  heart's  nutrition,  but  cir- 
cumstances may  demand  this.  In  the  case  of  an  army,  for  example,  called 
on  to  engage  the  enemy  after  a  fatiguing  march,  alcohol  might  be  invigorat- 
ing. But  the  amoimt  must  be  small,  t.e.,  much  short  of  producing  narcosis 
(not  more  than  ^  fluid  ounce  of  absolute  alcohol),  and,  if  possible,  it  should 
be  mixed  with  Liebig's  meat  extract,  which,  perhaps  on  account  of  its  potash 
salts,  has  a  great  power  of  removing  the  sense  of  fatigue. 

About  two  ounces  of  red  claret  wine  with  two  teaspoonfuls  of  Liebig's 
extract  and  half  pint  of  water  is  a  very  reviving  draught  and  if  it  could  be 
issued  to  troops  exhausted  by  fatigue,  would  prove  a  most  useful  ally. 

But  when  renewed  exertion  is  not  necessary  it  would  appear  most  proper 
after  great  fatigue  to  let  the  heart  and  muscles  recruit  themselves  by  rest ; 
to  give  digestible  food,  but  to  avoid  unnecessary  and  probably  hifftful 
quickening  of  the  heart  by  alcohol. 

Mental  Work. — In  spite  of  much  large  experience,  it  is  uncertain  whether 
alcohol  really  increases  mental  power.  The  brain  circulation  is  no  doubt 
augmented  in  rapidity ;  the  nervous  tissues  must  receive  more  nutriment, 
and  for  a  time  must  work  more  strongly.  Ideas  and  images  may  be  more 
plentifully  produced,  but  it  is  a  question  whether  the  power  of  clear,  conse- 
cutive, and  continuous  reasoning  is  not  always  lessened.  In  cases  of  great 
exhaustion  of  the  nervous  system,  as  when  food  has  been  withheld  for  many 
hours  and  the  mind  begins  to  work  feebly,  alcohol  revives  mental  power 
greatly,  probably  from  the  augmented  circulation.  But,  on  the  whole,  it 
seems  questionable  whether  the  brain  finds  in  alcohol  a  food  which  by  itself 
can  aid  in  mental  work. 

Deficiency  of  Food. — When  there  is  want  of  food,  it  is  generally  considered 
that  alcohol  has  a  sustaining  force,  and  i)ossibly  it  acts  partly  by  keeping  up 
the  action  of  the  heart,  and  partly  by  deadening  the  susceptibility  of  the 
nerves.  It  was  formerly  supposed  that  it  lessened  tissue-change,  and  thus 
curtailed  the  waste  of  the  body ;  but  this  is  not  true  of  the  nitrogenous 
tissues,  and  it  is  not  yet  quite  certain  in  respect  of  the  carbonaceous.  It 
seems  unlikely  that  alcohol  would  be  a])plied  differently  during  starvation 
and  during  usual  feeding. 

Cases  arc  recorded  in  which  persons  have  lived  for  long  periods  on  almost 
nothing  but  wine  and  spirits.  In  most  cases,  however,  some  food  has  been 
taken,  and  sometimes  more  than  was  su])posed,  and  in  all  instances  there 
has  been  great  quietude  of  mind  and  body.  It  seems  very  doubtful  whether 
in  any  case  nothing  but  alcohol  has  been  Uiken  ;  and,  in  fact,  we  may  fairly 
demand  more  exact  data  before  weight  can  be  given  to  this  statement. 

The  Exposures  and  Exertions  of  War. — On  this  point  also  there  is  con- 
siderable unanimity  of  opinion.  The  greatest  fatigues,  both  in  hot  and  cold 
climates,  have  been  well  borne — have  been,  indeed,  best  borne — by  men  who 
took  no  alcohol  in  any  shape,  and  some  instances  may  be  quoted. 

In  the  American  War  of  Independence  in  1783,  Lord  Cornwallis  made  a 

perinients,  in  which  the  effects  of  mm,  meat  extract,  and  coffee  were  observed,  it  was  found 
that  marching  was  done  least  easily  with  rum,  the  stimulant  effect  jwissing  quickly  off,  and 
leaving  the  man  less  a})Ie  to  finish  the  work  befor*'  him.— (On  the  Issue  of  a  i^irit  Ration  in 
the  Ashanti  Campaign^  Parkes,  1876.) 
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man^li  over  2000  iniks  in  N'Lrgiiiia^  mider  the  most  trying  circuiiistimces  i>f 
exposure  ki  cold  anrl  wet»  yet  the  men  were  remiirkably  healthy  ;  and  among 
tlie  causes  for  tliis  health,  Chishohu  states  that  the  necessary  abstinence 
from  strong  liquors  was  one. 

In  1794^95  oix'urred  the  Maroon  War  in  Jamnic^i,  where,  almost  for  the 
first  tinie  in  West  IndijiJi  wjirfare,  the  trc»ops  were  remarkahly  healthy,  though 
the  camiiaigu  was  very  arduous  and  in  the  rainy  season,  and  tliere  were  no 
tents.  The  perfect  health  of  the  troops  may  |mrtly  have  heen  owing  to  tlie 
climate  of  the  hills  (2000  feet  ahove  the  i<ea),  but  it  was  clnefly  attriimted 
to  the  fact  tluit  the  men  could  ohtain  no  sj^irits  or  alcoholic  liquor  of  any 
kind* 

III  1800,  an  English  army  proceeding  from  India  to  Egj^pt  to  join  Sir 
Raljjh  Abercromby,  marclied  across  the  desert,  from  Koaseir  on  the  Ked  8ea, 
and  descended  tlie  Nile  for  400  miles*  Sir  James  M *G rigor  ^  say^  that  the 
fatigue  in  this  mairh  luij^,  i^erhaps,  never  be^en  exceeded  by  any  army,  and 
goes  on  to  remark  :■ — 

^*  We  rect»ived  still  further  confirmation  oT  the  very  great  iiiflaence  wlikL  inttitiijMt'racice 
his  as  a  cause  of  disease*  Wu  had  deoioiistration  how  very  little  spirits  ari'  required  in 
a  hot  climate  tu  fiiubk^  a  suldier  to  hear  fiitigue,  mid  how  necessary  a  reg^ilar  diet  is. 

*•  At  Ghetiije^  iind  on  the  voyage  down  the  Nile  (on  account  of  the  difficultit-s  of  at 
first  conveying  it  across  the  deiicrt),  the  men  hud  no  spirits  delivered  out  to  them^  and  I 
•m  convinced  that  from  thia  not  only  did  they  not  suffer,  but  that  it  even  contributed  to 
file  uncommon  degree  of  health  wbkh  they  at  tliia  time  enjoyed*  From  two  boats  the 
wWiers  one  day  strayed  into  a  village,  where  the  Arabs  gave  them  fts  mneh  of  tlie  spirit 
which  they  distil  from  the  juice  of  the  ilate-tree  as  induced  a  kind  of  fttrioua  delirium. 
It  Whs  remarked  that,  for  three  months  lifter,  a  cousidfrnble  numhir  of  these  men  were 
in  the  hospitals/' 

Dr  Mann,-  one  of  the  few  American  surgeons  in  the  war  of  1813-14  who 
have  left  any  account  of  that  contest,  thus  writer:— 

'*  ily  opinion  has  long  been  thut  ardent  spirits  are  an  unnecessary  part  of  a  nition. 
Examples  may  be  furnished  to  demonstrate  that  urdent  spirits  are  a  useless  purt  of  a 
soldier's  ration.  At  those  periods  during  the  revolutionory  war,  when  the  army  received 
no  pay  for  their  serviceti,  and  possessed  not  the  means  to  procure  spirita,  it  was  lieaithy. 
The  4th  Massachusetts  Reginicjnt,  at  the  eventful  period  when  I  was  the  surgeon,  lost 
in  three  years  by  sickne»B  not  more  than  live  or  nix  men.  It  wa.*!  st  a  time  when  the 
army  was  destitute  of  money.  During  the  winter  1779-80  tliere  was  only  one  uccurrenct! 
of  fever  in  the  regiment,  and  that  was  a  pneumonia  of  a  mild  form.  It  was  ohservable 
in  the  last  war,  from  December  1S14  to  April  1815,  the  Holilif-r!*  at  Plattsburgh  were  not 
attacked  with  fevers  as  they  had  been  the  preceding  winters.  The  troops  durini^  this 
period  were  not  paid — a  fortunate.'  cireumstanoe  to  the  army,  arising  from  want  of  mntls. 
This  embarrassment,  which  wajs  considered  a  national  calamity,  proved  a  blessing  to  the 
soldier.     When  hi*  is  found  |»<^M>r  in  money,  it  is  always  the  ciisc  that  he  ftlx)und8  in 

"th — a  fact  worth  recording." 


0  testimony  can  be  stronger  than  that  given  hy  the  lat«  Inspector- 
'  Sir  John  Hall,  KXIB.     He  says:'* — 

***My  opinion  i«,  that  neither  anirit,  wine,  nor  malt  liquor  is  neceasanr  for  health. 
The  henluiiest  army  I  ever  served  with  had  not  a  single  drop  of  any  of  them:  and, 
ahhough  it  wan  exposed  to  all  hardships  of  Katflr  warfare  at  llie  Cape  of  Good  Hope,  in 
wet  ami  inclement  weather,  without  unU  or  shelter  of  any  kind,  the  sickdist  seldom 
exceeded  1  per  cent.  ;  and  this  continued  not  only  througnoiit  the  whole  of  the  active 
0|keraiionM  in  the  field  during  the  camiviign,  but  aftt-r  the  ruL-n  were  collected  in  standing 
camps  at  its  termiiialior*  ;  aud  this  favourabb*  istate  of  things  continued  until  tb©  termin- 
ation of  the  war.  Hut  immediately  the  men  were  again  quartered  in  towns  and  fixed 
postti,  where  tliey  had  frn^  access  to  spirits,  an  inferior  species  of  brandy  sobl  there, 
toehnicany  calloil  *  Caj>c  8moku,'  numeroun  complaints  made  their  appearance  among 
them. 


1  M^-^- 
a  D 
»  J/ 


F-^^^rtion  to  Egypt,  p.  10. 

1..  61. 
1       >u  the  Crimm,  voL  i.  p.  504. 
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**  In  Kaffraria  the  troops  were  so  placed  that  they  had  no  means  of  obtaining  liquor  of 
any  kind ;  and  all  attempts  of  the  'Winklers'  to  iufKiige  the  police  regulations  were 
80  summarily  and  heavily  punished' by  fines  and  expulsion,  that  the  illicit  trade  was 
effectually  suppressed  by  Colonel  Mackinnon,  the  Commandant  of  British  Kaffraria; 
and  the  consenuence  was,  that  drunkenness,  disease,  crime,  and  insubordination  were 
unknown  ;  and  yet  that  army  was  frequently  placed  in  the  very  position  that  the 
advocates  for  the  issue  of  spirits  would  have  said  required  a  dram. 

"Small  as  the  amount  of  sickness  and  mortality  was  in  the  Crimea  during  the  winter 
1855-56,  they  would  have  been  reduced  one-half,  I  am  quite  sure,  could  the  rule  that 
was  observed  in  Eaffirland  have  been  enforced  there." 

In  the  same  Kaffir  war  (1852),  a  march  was  made  by  200  men  from 
Graham's  Town  to  Bloemfontein  and  back  ;  1000  miles  were  covered  in 
seventy-one  days,  or  at  the  rate  of  nearly  15  miles  daily;  the  men  were 
almost  naked,  were  exposed  to  great  variations  of  temperature  (excessive  heat 
during  day ;  while  at  night  water  froze  in  a  bell-tent  with  twenty-one  men 
sleeping  in  it),  and  got  as  rations  only  biscuit,  meat  1 J  ft),  and  what  game 
they  could  kill.  For  drink  they  had  nothing  but  water.  Yet  this  rapid  and 
laborious  march  was  not  only  performed  easily,  but  the  men  were  "  more 
healthy  than  they  had  ever  been  before ;  and  after  the  first  few  days 
ceased  to  care  about  spirits.  No  man  was  sick  till  the  end  of  the  march, 
when  two  men  got  dysentery,  and  these  were  the  only  two  who  had  the 
chance  of  getting  any  liquor." 

In  the  last  New  Zealand  war,  Dr  Neill  found  that  the  troops  marched 
better,  even  when  exposed  to  wet  and  cold,  when  no  spirits  were  issued,  than 
when  there  was  a  spirit  ration. 

In  the  expedition  to  the  Red  River,  under  Sir  Garnet  (now  Viscount) 
Wolseley,  no  alcoholic  liquor  was  issued.  Two  accounts  of  this  remarkable 
march  have  been  published — one  by  the  late  Captain  Huyshe,^  and  the 
other  by  jin  officer  who  wrote  an  interesting  account  of  the  march  in  BUuck- 
wood's  Magazine.^     Captain  Huyshe  said  : — 

"  Altliongh  it  was  an  unheard-of  thing  to  send  off  an  expedition  into  a  wilderness  for 
five  months  without  any  spirits,  still  as  the  backwoodsman  was  able  to  do  hard  work 
without  spirits,  it  was  rightly  thought  that  the  British  soldiers  could  do  the  same.  The 
men  were  allowed  a  large  daily  ration  of  tea,  1  oz.  per  man — practically  as  much  as  they 
could  drink  ;  und,  as  I  am  now  on  this  subject  of  buhea  versus  grog,  1  may  as  well  state 
that  the  experiment  was  most  successful.  The  men  of  no  previous  expedition  have  ever 
been  called  upon  to  perform  harder  or  more  continuous  labour  for  over  four  months.  .  .  . 
They  were  always  cheery,  and  worked  with  a  zealous  will  that  could  not  be  surpassed. 
This  expedition  would  have  been  a  bright  era  in  our  military  annals  had  it  no  other 
result  than  that  of  proving  the  fallacy  hitherto  believed  in  of  the  necessity  of  providiug 
our  men  when  in  the  tield  with  intoxicating  liquors." 

The  writer  in  Blackwoo'Vs  Magazine  says  : — 

"  The  men  were  pictures  of  good  health  and  soldier-like  condition  whilst  stationed  at 
Prince  Arthur's  Jianding  and  the  other  larger  camps.  The  men  had  fresh  meat,  bread, 
and  potatoes  every  day.  No  spirits  were  allowed  throughout  the  journey  to  Fort  Garry, 
but  all  ranks  had  daily  a  large  ration  of  tea.  This  was  one  of  the  very  few  military  ex- 
peditions ever  undertaken  by  English  troops  where  intoxicating  liquors  formed  no  part 
of  the  daily  ration.  It  was  an  experiment  based  upon  the  piuctice  common  in  Canada, 
where  the  lumbermen,  who  spend  the  whole  winter  in  the  backwoods,  employed  upon  the 
hardest  hibour,  and  exposed  to  a  freezing  temperature,  are  allowed  no  »[»ints,  but  have 
an  nnlindted  quantity  of  tea.  Our  old-fashioned  generals  accept,  without  any  attempt 
to  question  its  truth,  the  traditional  theory  of  rum  being  essential  to  keep  the  British 
soldier  in  health  and  humour.  Let  us  hone  that  the  experience  we  have  acquired  during 
the  Hed  River  expedition  may  have  buried  for  ever  this  old-fogyish  su|»erstition.  Never 
have  the  soldiers  of  any  nation  been  called  upon  to  ])erform  more  unceasingly  hard  work, 
and  it  may  be  confidently  asserted  without  dread  of  contradiction,  that  no  men  have 

^  Jimrnalf  United  Service  Institution^  1871   vol.  xv.  p.  74. 
*  January  1871,  p.  64. 
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ever  been  more  cheerfdl  or  lietter  behaved  in  every  respect.  No  spirit  ration  means  no 
crime  ;  and  even  the  doctors,  who  anticipated  serious  illness  from  the  absence  of  liquor, 
will  allow  that  no  troops  have  ever  been  healthier  than  they  were  from  the  beginning 
to  the  end  of  the  ojieration.  With  the  exception  of  slight  cases  of  diarrhoea,  arising 
from  change  of  diet,  it  may  be  said  that  sickness  was  unknown  amongst  us." 

Lord  Wolseley,^  who  commanded  in  this  remarkable  expedition,  speaks 
very  strongly  against  the  rum  ration,  and  says  that,  by  substituting  tea  for 
rum,  the  health  and  efficiency  of  the  men  are  increased,  "  their  discipline  will 
improve  as  their  moral  tone  is  raised,  engendering  a  manly  cheerfulness  that 
spirit-drinking  armies  know  nothing  of." 

In  the  Ashanti  campaign  of  1874  observations  were  carefully  recorded  by 
several  officers.^  The  conclusions  arrived  at  were — 1.  That  abstinence  did 
not  render  those  who  abstained  more  sickly  as  a  whole  or  more  liable  to 
malarious  fever  ;  nor  did  it  interfere  with  their  powers  of  marching.  2.  The 
issue  of  a  ration  of  rum  seemed  to  do  good  when  given  at  the  end  of  the  day 
before  going  to  rest.  3.  That  the  quantity  (2 J  oz.)  was  amply  sufficient. 
On  the  whole,  the  necessity  for  the  ration  was  by  no  means  proved,  although 
some  officers  returned  rather  shaken  in  their  previous  belief  that  alcohol  was 
absolutely  unnecessary  in  a  military  expedition. 

Tlie  evidence  of  more  recent  campaigns  has  all  pointed  in  the  same 
direction,  viz.,  that  the  issue  of  a  regular  spirit  ration  is  not  only  not 
requisite,  or  beneficial,  but  the  reverse ;  and  that  when  there  has  been 
abstinence  from  alcohol,  the  health  of  the  men  has  improved,  instead  of 
deteriorating.  At  the  same  time  it  cannot  be  denied  that  the  occasional  and 
exceptional  issue  of  a  small  amount  of  stimulant  has  been,  under  certain  cir- 
cumstances, of  good  effect. 

In  the  Afghan  campaign,  1878-1880,  there  was  a  daily  allowance,  half 
issued  with  the  dinner,  half  after  sunset,  and  an  extra  issue  in  addition  after 
special  exposure  or  fatigue. 

But  Dr  (now  Sir  B.)  Simpson  reported  that  the  regular  issue  of  this 
ration  was  never  productive  of  any  benefit,  and  often  attended  with  evil 
consequences,  numerous  cases  of  heatstroke  being  attributed  to  this  cause. 

In  the  Egyptian  expedition  of  1882,  it  was  recommended  that  red  wine 
should  be  issued  in  place  of  rum.  This  was  not  done,  but  the  spirit  ration 
was  issued  very  sparingly. 

In  the  Suakim  exp(»dition  of  1884,  the  ration  was  only  issued  when 
authorised  in  general  orders :  when  specially  issued  in  this  manner,  after 
(»xtra  fatigue,  or  the  like,  and  in  the  evening,  it  was  thought  to  be  beneficial. 
Again,  in  Suakim,  in  1885,  there  was  no  regular  issue.  In  the  Nile 
expedition  of  1 885,  it  was  only  issued  on  the  special  recommendation  of  the 
senior  medical  officer,  and  with  the  special  sanction  of  the  officer  command- 
ing, on  each  occasion  of  issue  :  as  a  matter  of  fact,  it  was  so  rarely  given  that 
it  was  practically  unkno>vn.  Alcohol  in  any  form  was  imattainable  by  the 
men  for  many  months,  and  their  general  health  was  exceptionally  good.  In 
Bechuanaland,  also,  Dr  Faugh t  expressed  liis  opinion  that  the  excellent 
general  health  of  tlie  troops  was  "  mainly  due  to  the  impossibility  of  obtain- 
ing intoxicating  drink."^ 

In  sieges,  which  are  perhaps  more  trying  to  men  than  campaigning  in  the 
open  field,  the  advantage  of  temperance  has,  on  two  occasions,  been  very 
marked.  In  the  great  siege  of  Gibraltar,  Sir  George  Elliot,  who  was  a 
teetotaller,  enforced  the  most  rigid  temperance,  and  the  long  and  arduous 

»  Soldters*  Pocket  Book,  2nfl  edition,  p.  172. 

^  On  the  Issue  qfa  Spirit  Ration  during  the  Ashanti  Campaign  of  187 i  (Parkes). 
'  See  Medical  Histories  of  the  various  campaigns  referred  to.     For  other  instances  see  Dr 
Duncan's  Prereniion  of  Disease  in  Tropical  Campaigns. 
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blockade  was  passed  through  with  remarkably  little  sickness.  At  the  siege 
of  Jellalabad,  in  Afghanistan,  the  "  illustrious  garrison  "  were  quite  destitute 
of  all  alcoholic  liquors ;  and,  to  the  astonishment  of  the  officers,  the 
Europeans  never  had  been  so  healthy,  cheerful,  martial,  and  enduring,  and 
free  from  crime.  During  the  Indian  mutiny  many  regiments  were  debarred 
from  spirits  for  a  long  time,  and  were  much  healthier  than  when  they  got 
them. 

In  fact,  it  may  be  confidently  asserted  that  in  war,  spirits  especially,  and 
indeed  all  alcoholic  liquors,  are  better  avoided ;  and  the  phrase  of  an 
American  army  surgeon  in  the  civil  war,  who  noticed  how  great  was  the  im- 
provement when  spirit  prohibition  was  enforced,  is  fully  justified  by  our  own 
experience — "  The  curse  of  an  army  is  intoxicating  liquors  ;  the  spirit  ration 
is  the  source  of  all  this  mischief." 

When  debarred  from  spirits  and  fermented  liquids,  men  are  not  only 
better  behaved,  but  are  far  more  cheerful,  are  less  irritable,  and  endure 
better  the  hardships  and  perils  of  war.  The  courage  and  endurance  of  a 
drunkard  are  always  lessened ;  but  in  a  degree  far  short  of  drunkenness, 
spirits  lower,  while  temperance  raises,  the  boldness  and  cheerfulness  of 
spirit  which  a  true  soldier  should  possesa^ 

Looking  back  to  this  evidence,  it  may  be  asked.  Are  there  any  circum- 
stances of  the  soldier's  life  in  wliich  the  issue  of  spirits  is  advisable,  and, 
if  the  question  at  any  time  lies  between  the  issue  of  spirits  and  total 
abstinence,  which  is  the  best  ? 

Their  seems  but  one  answer.  If  spirits  neither  give  strength  to  the 
body  nor  sustain  it  against  disease — are  not  protective  against  cold  and 
wet,  and  aggravate  rather  than  mitigate  the  effects  of  heat — if  their  use 
even  in  moderation  increase  crime,  injure  discipline,  and  impair  hope  and 
cheerfulness — if  the  severest  trials  of  war  have  been  not  merely  borne,  but 
most  easily  borne  without  them — if  there  is  no  evidence  that  they  are  pro- 
tective against  malaria  or  other  diseases — then  the  medical  ofiicer  will  not 
be  justified  in  sanctioning  their  issue  under  any  circumstances. 

The  terrible  system  which  in  the  East  and  West  Indies  made  men 
drunkards  in  spite  of  themselves,  and  which  by  the  issue  of  the  morning 
dram  did  more  than  anything  else  to  shatter  the  constitutions  of  the  young 
soldiers,  is  now  a  thing  of  the  past.  But  the  soldier  is  still  permitted  to 
get  spirits  too  easily,  and  is  too  ignorant  of  tlieir  fatal  influence  on  his  health. 
Still  the  British  array  bears  the  unhapj)y  character  of  the  most  intemperate 
army  in  Europe,  and  it  is  certain  that  its  moments  of  misconduct  and  mis- 
fortune have  been  too  frequently  caused  by  the  unrestrainable  passion  for 
drink.     Remembering  all  these  things,  and  how  certainly  it  has  been  proved 

1  The  custom  of  giving  rations  of  spirits  to  soldiers  and  sailors  (even  now  not  altogether 
discontinued)  was  one  of  those  incredible  mistakes  wliich  are  only  made  worse  by  the 
explanation  that  it  was  done  to  please  the  men  and  cover  neglect  in  other  ways.  If  any 
one  wishes  to  see  what  our  anny  was  in  former  days,  and  how  dreadful  militarv  regulatioDH 
made  men  drunkards  in  spite  of  themselves,  they  may  refer  to  an  old  Peninsular  surgeon's 
(William  Fergussou's)  Xotes  and  Recollections  of  a  Pro/essiona  I  Life  (1846).  "During  the 
last  war"   (he  says,  p.  74)    "our  sailors  and  soldiers  appeared  to  live  for  the  purpose  of 


getting  drunk  ;  with  them  it  seemed  to  be  the  chief  article  of  their  creed — the  chief  end  of 

life 'Grog,  grog,*  was  still  the  cry  ;  I  have  seen  it,  as  it  were,  forced  down  the 

throats  of  the  innocent  negro  boy  and  the  uncorrupted  young  recruit.  We  seemed  to  believe 
that  the  term  aqua  vitae  was  its  true  designation.  Ever}'  one  was  to  have  it,  no  matter 
what  the  age,  the  colour,  the  country,  or  the  breeding.  Our  Portuguese  allies  in  the 
Peninsula  were  the  soberest  of  mankind.  They  liked  their  own  weak  country  wine  to  dilute 
their  food,  but  that  would  not  do  for  us.  We  actually  sent  for  the  rum  of  the  West  Indies 
and  gave  it  them  ;  and  at  the  battle  of  Busaco  I  saw  a  party  of  Portuguese  artillery,  as  soon 
as  the  rum  ration  was  served,  as  if  they  had  been  possessed  by  a  devil  (and  they  actually 
were  possessed  by  a  devil  in  the  shape  of  alcohol),  draw  their  swords  and  fight  with  one 
another  when  actually  under  the  fireof  the  enemy  "  (p.  85), 
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that  drunkenness  increases  the  spread  of  syphilis,  it  is  not  too  much  to  say 
that  the  repression  of  this  vice  should  be  one  of  the  chief  duties  of  every 
officer  in  the  army.  Moderation  should  be  encouraged  by  precept  and 
example ;  wholesome  beer  and  light  wine  should  be  invariably  substituted 
for  spirits,  and  if  these  cannot  be  procured,  it  may  safely  be  said  that  the 
use  of  tea,  coffee,  or  simple  water  is  preferable  to  spirits  under  all  circum- 
stances of  the  soldier's  life. 

Resistance  to  Disease — Malaria. — There  are  instances  for  and  against 
the  view  that  spirits  are  useful  against  malaria.  On  both  sides  the  evidence 
is  defective ;  but  there  are  so  many  cases  in  which  persons  have  been 
attacked  with  malarious  disease  who  took  spirits,  that  it  is  impossible  to 
consider  the  preventive  powers  great,  even  if  they  exist  at  alL  On  the 
other  hand,  when  teetotallers  have  escaped  malaria  (as  in  the  instance 
recorded  by  Drake),  ^  there  have  been  other  circumstances,  such  as  more 
abundant  food  and  better  lodging,  which  will  explain  their  exemption.  The 
probability  is,  that  the  reception  and  action  of  malaria  are  not  influenced 
by  the  presence  or  absence  of  alcohol  in  the  blood  unless  the  amount  of 
alcohol  is  so  great  as  to  lessen  the  amount  of  food  taken. 

Alcohol  is  contra-indicated  where  zymotic  diseases  generally  are  likely  to 
be  prevalent,  as  it  retards  due  elimination  of  eficte  azotised  products,  and 
thus  renders  the  system  more  prone  to  disease.  On  the  other  hand,  there 
is  no  direct  evidence  that  teetotallers  are  more  exempt  from  cholera,  yellow 
fever,  and  other  zymotics  than  those  who  use  alcohol  with  moderation. 

Conclusion  as  to  the  Use  of  Alcohol, 

The  facts  now  stated  make  it  difficult  to  avoid  the  conclusion  that  the 
dietetic  value  of  alcohol  has  been  much  over-rated.  It  does  not  appear 
possible  at  present  to  condemn  alcohol  altogether  as  an  article  of  diet  in 
health,  or  to  prove  that  it  is  invariably  hurtful,  as  some  have  attempted  to 
do.  It  produces  effects  which  are  often  useful  in  disease  and  sometimes 
desirable  in  health,  but  in  health  it  is  certainly  not  a  necessity,  and  many 
persons  are  much  better  without  it.  As  now  used  by  mankind  (at  least  in 
our  own,  and  in  many  other  countries),  it  is  infinitely  more  powerful  for 
evil  than  for  good ;  and  though  it  can  hardly  be  imagined  that  its  dietetic 
use  will  cease  in  our  time,  yet  a  clearer  view  of  its  effects  must  surely  lead 
to  a  lessening  of  the  excessive  use  which  now  i)revails.  As  a  matter  of 
public  health,  it  is  most  important  that  the  medical  profession  should  throw 
its  great  influence  into  the  scale  of  moderation  ;  should  explain  the  limit  of 
the  useful  power,  and  show  how  easily  the  line  is  passed  which  carries  us 
from  the  region  of  safety  into  danger,  when  alcohol  is  taken  as  a  common 
article  of  food.^ 

Dietetic  Use  of  Alcoholic  Beverages. 

In  the  previous  remarks,  the  effect  of  alcohol  only  has  been  discussed, 
but  beer  and  wine  contain  other  substances  besides  alcohol. 

1  On  the  Interior  Valley  of  North  America. 

3  A  great  evil  is  growing  up  in  India,  which  now  could  Im)  checked,  but  which  we  shall  be 
powerless  to  meet  in  a  few  years.  The  Hindoos,  formerly  the  most  temperate  of  races,  are 
rapidly  becoming  addicted  to  drink.  This  is  said  to  be  partly  owing  to  the  regulations  of 
the  (yovemment  permitting,  and  even  encouraging,  the  sale  of  spirits,  although  the  alcoholic 


matter  which  our  statesmen  may  well  look  into,  for  it  involves  the  happiness  of  many 
nations. 
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In  wine  there  are  some  proteid  substances,  much  sugar  (m  some  wines)^ 
and  other  carbo-hydrates,  and  abimdant  salts.  Whether  it  is  that  the 
amount  of  alcohol  is  small,  or  whether  the  alcohol  be  itself,  in  some  way, 
different  from  that  prepared  by  distillation, ^  or  whether  the  co-existence 
of  carbo-hydrates  and  of  salts  modifies  its  action,  certain  it  is  th^t  the 
moderate  use  of  wine,  which  is  not  too  rich  in  alcohol,  does  not  seem  to 
lead  to  those  profound  alterations  of  the  molecular  constitution  of  organs 
which  follow  the  use  of  spirits,  even  when  not  taken  largely.  Considering 
the  large  amounts  of  vegetable  salts  which  most  wines  contain,  it  may 
reasonably  be  supposed  that  they  play  no  unimportant  part  in  giving 
dietetic  value  to  wine.  Indeed,  it  is  quite  certain  that,  in  one  point  of 
view,  they  are  most  valuable ;  they  are  highly  anti-scorbutic,  and  the  argu- 
ments of  Lind  and  Gillespie,  for  the  introduction  of  red  wine  into  the 
royal  navy  instead  of  spirits,  have  been  completely  justified  in  our  own 
time  by  both  French  and  English  experience.  It  is  now  certain  that  with 
the  same  diet,  but  giving  in  one  case  red  wine,  in  another  rum,  the  persons 
on  the  latter  system  will  become  scorbutic  long  before  those  who  take  the 
wine.  This  is  a  most  important  fact,  and  in  a  campaign  the  issue  of  red 
wines  should  never  be  omitted.  The  ethers  may  also  be  important  if,  as 
indicated  by  Bernard,  and  recently  ix)inted  out  by  Sir  B.  W.  rorster,^  they 
excite  the  flow  of  the  pancreatic  secretion,  and  thereby  promote  the  absorp- 
tion of  fat. 

In  beer  there  appear  to  be  four  ingredients  of  importance,  viz.,  the 
extractive  matters  and  sugar,  the  bitter  matters,  the  free  acids,  and  the 
alcohol.  The  first,  no  doubt,  are  carbo-hydrates,  and  play  the  same  part 
in  the  system  as  starch  and  sugar,  appropriating  the  oxygen,  and  saving 
fat  and  proteids  from  destruction.  •  Hence  one  cause  of  the  tendency 
of  persons  who  drink  much  beer  to  get  fat.  The  bitter  matters  are 
supposed  to  be  stomachic  and  tonic  j  though  it  may  be  questioned  whether 
we  have  not  gone  too  far  in  this  direction,  as  many  of  the  highest  priced 
beers  contain  now  little  else  than  alcohol  and  bitter  extract.  The  action  of 
the  free  acids  is  not  known  ;  but  their  amount  is  not  inconsiderable  ;  and 
they  are  mostly  of  the  kind  which  form  carbonates  in  the  system,  and  which 
seem  to  play  so  useful  a  part.  The  salts,  especially  jwtassium  and  mag- 
nesium phosphates,  are  in  large  amount. 

It  is  evident  that  in  beer  we  have  a  beverage  which  can  answer  several 
purposes,  viz.,  can  give  a  supply  of  carbo-hydrates,  of  acid,  of  important 
salts,  and  of  a  bitter  tonic  (if  such  be  needed),  independent  of  its  alcohol, 
but  whether  it  is  not  a  very  expensive  way  of  giving  these  substances  is  a 
question. 

In  moderation,  it  is  no  doubt  well  adapted  to  aid  digestion,  and  to  lessen 
to  some  extent  the  elimination  of  fat.  It  may  be  inferred  that  beer  will 
cause  an  increase  of  weight  of  tlie  body,  by  increasing  the  amount  of  food 
taken  in,  and  by  slightly  lessening  metimioi'phosis ;  and  general  experience 
confirms  those  inferences.  AMien  taken  in  excess,  it  seems  to  give  rise  to 
gouty  affections  more  readily  even  than  wine. 

In  spirits,  alcohol  is  the  main  ingredient,  chiefly  in  the  form  of  ethyl- 
alcohol,  though  there  are  small  amounts  of  propyl-,  butyl-,  and  in  some 
cases  amyl-alcohols.  In  addition,  there  are  sometimes  small  quantities  of 
ether ;  and,  in  some  cases,  essential  oils  (as  apparently  in  absinthe,  and  in 
one  kind  of  Cape  brandy),  which  have  a  powerful  action  on  the  nerves. 

1  Thudichum  and  Dupre  could  not,  however,  trace  any  difference  between  the  alcohol  in 
wine3  and  that  derived  from  other  sources. 

2  Brit.  Med.  Journal  Nov.  1868. 
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But  spirits  are,  for  the  most  part,  merely  flavoiu'ed  alcohol,  and  <lo  uot 
cooUiu  thn  iiigredif^ntjs  which  give  dietetic  value  to  wiii<^  and  U^er*  They 
are  also  more  daiigeMii8j  K^cause  It  is  so  ea«y  t<\  take  them  undiluted,  and 
thus  to  incrm«e  the  cliance  of  damaging  the  structure  and  nutrition  of  the 
ulbuminciim  structures  with  whieh  they  came  first  in  contract  There  is 
every  reason,  therefore,  to  discourage  the  use  of  spirits,  and  to  let  beer  and 
wines,  with  moderate  alcoholic  power,  tjike  their  plare. 

SECTION  IL 

NONALCOHOLIC  BE^^ERAGES. 

ScTB-SEcrroN  I. — Cofpek. 

Unroai^t^  eotfee  contiLini?  ninch  cellulose  (34  per  cent.),  fat  (10  to  13  per 
cent),  sugar  and  dextrin,  and  vegetable  acid  (15*5),  and  legnmin  (10  per 
cent).  There  i^  also  a  .solid  acid,  aromatic  oil  in  small  cjuajitities,  caftein, 
and  ash,  the  chief  ingredient'^  of  which  are  jjotash  and  phosphoric  acid. 
The  total  amount  of  caffcin  (free  and  combined),  accoi^lng  to  Payen,  is 
about  r73G  per  cent;  but  this  is  more  than  other  observers  have  fomid. 
In  roasted  coffee  berrie^s  the  average  of  Boutron  and  Robifpiet's  analyses 
gives  0*238  per  cent  of  catfeiu.  Aulx»rt  ^  lias  given  the  amount  an  from 
0709  to  0*849  per  cent.,  and  Wittr  miikew  it  0*666  per  cent;  Graliam,  8ten- 
hoiLse^  and  Campbell  slate  it  tus  0*87  per  cent ;  Bell  as  0-935,  It  may  be 
assumed  to  l»e  0*8  per  cent,  on  an  average.  Aulw^rt  found  that  roasting 
cotfee  to  any  extent  caiLsed  very  little  loss  of  cjiffein.  The  caffeiii  is  ex- 
tract<Hi  easily  by  benxol  or  by  chloroform.* 

Wlien  coffee  is  roasted  it  swells,  but  becomes  lighter  (15  to  even  25  per 
cent.,  if  the  coffee  is  dark  roasted).  The  sugar  is  changed  into  caramel,  the 
peculiar  arouia  is  developer!,  the  union  between  the  ciiffein  and  the  C4^ffeo- 
Innnic  acid  is  broken  up;  several  gases  are  formed,  viz.,  earlxm  dioxide  (in 
^jjpeatest  annumt),  carhcin  monoxide,  and  nitrogc^n.  It  is  owing  to  these 
^gises  that  tlie  roasted  coffee  swells  so  much.*  In  the  infusion  almost  all 
the  ciiffein  is  found,  according  to  Aubert,  while  others  say  alwut  one-half  is 
lost. 

As  an  article  of  DUt^  coffee  stimulates  the  nervous  syst-em,  and  in  large 
doses  pro^^uc.eg  tremors.  Cidl'ein  given  t<»  animals  augments  reflex  action, 
and  may  produce  tetiinus,  <ir  peculiar  stilihess  of  muscles.  It  increases  the 
frequency  of  the  pwlse  in  men  (but  taken  in  large  quantity  diminishes  it), 
id  removes  the  sensation  of  connnencing  fatigue  diinrig  exercise.  It  has 
teen  said  (J.  Lehmann  and  others)  to  lessen  the  amount  of  urea  and 
phosphoric  acid,  but  this  is  doubtful*     It  api>ears,  however,  Ui  increase  the 

I  Ardiitt/iir  die  ^.  /^Av*..  B«"<1  v,  p,  5S&. 

*  Calfoiti  iitiil  Uietn  Km  the  kAuw  stibfttaiice,  Theobrornin  bcloii|fit  i(i  the  wtmie  serif's,  tnd 
te» Ap{uireiitlT  identical  effects     In  tlie  Uavi^  of  tht?  P&ni^iAy  f.       * ' 

I  ||||  iA  eaU«ti!  M.it*''  in  1:^rAgimy),  which  ari^  tir^^J  to  nuike  ivA  in   i 
Hid  thr^inirlu>iii  th<?  Hnitthern    j»irt  ol    Hra/il,  th«ni  b  ftlmi  asi    iT 

In  '  |u>rtlc^,  Pnrntniny  tea  in  thought  to  tUo*!  httv  tea.  bat  to 

hv  1  !lci'.     Th«  ulkaL^d  iu  cuAiiLua  is  ivIao  thuiu.  i. 

;j    ,  ...     T     J.     If    ...     .■  ...    .r^       ,#.  /       ^i.-.r         r.,:..    -  ..■  . 

*  !on  of  urea  ;  and  ijomo  verj 

car'  <to    lust    ronthln    Lrh||i,ii,u» 

Ob-  ii  lutii.  bO  lur  4A  ll»y  uj 

o«>ri  tbo>i' of  Lehnmua  ;  ti 

iMMsa,     Mpi^no,  of  s  roulirniH  the  ; 

tli«  wnmrttii^n  of  hu  ii»itftnc€.      The  >m    i 

trterml  tif&sioii.    Dr  ]uiiuuu«ti>u;^  (Jli^Lrtaa  ha^Ifttftty  ci.iliul  altcuUuii  ty  ltd  powt:r  id  yt^^^miiug 

tliirjil. 
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uriiiary  wat^r.  The  pulmontiry  carliou  dioxide  is  said  to  be  increased 
(E.  Smith),  afl  well  jls  the  action  of  the  skin, 

8ir  W,  Roberts'  experiments  ftbowed  that  coffee  does  not  retard  the 
salivary  digestion  as  eonipared  with  tea,  aiui  he  considers  that  this  can  be 
accoimte^l  for  by  the  fact  tlutt  in  coffee  tannin  is  replaced  by  caffeo-tminic 
acid*  Cnflee,  however,  was  found  to  exercise  a  ffreater  retarding  influence 
on  storaneh  digestion  thsin  tea,  on  account  of  its  Ix-ing  kdcen  in  much  stronger 
infusion.  It  slightly  increases  the  action  of  the  kidneys,  and  with  some 
stimulates  tlie  intestines  so  as  to  act  ti8  an  ajjerient. 

Cotlee  is  a  most  imjwrtant  article  of  diet  for  soldiers^*  os  not  only  is  it 
invigorating  without  producing  subneqiient  colhipse,  Init  the  hot  infusion  is 
almost  equally  serviceable  jigainst  both  cold  and  heat;  in  the  one  case^  the 
warmth  of  the  infusion,  in  the  other,  the  action  on  thf  skin,  being  useful, 


Fig.  77.-^Tt?8tii  of  Raw  Coffee  x- 170  ;  the  riRlit-hand  figure  shows  the  dmilile  spiral  tibren  in 
the  raphe  ot'  tlie  berry  x  500. 

while  in  both  cases  the  nervous  stimulation  is  very  desirable.  Dr  Hooker 
tells  us  that  in  the  Antarctic  expedition  the  men  all  preferred  coffee  to  spirits, 
and  this  was  the  case  in  the  Scldeswig-Holstein  war  of  1849. 

The  experience  of  Algeria  and  India  {where  cofTee  is  coming  more  and 
more  iiit^»  use)  proves  its  use  in  iiot  climat^is. 

It  liJis  been  asserted  to  be  protective  against  malaria.  The  evidence  is  not 
strong,  but  still  is  sufficient  to  autliorise  its  use  in  mnlarioits  rlistricts. 

Making  of  Cojfet. — Roasted  and  grotmd  eoJlee  must  be  served  out  to 
troops,   as  the  delicate  operation  of  roasting  can  never  be  performed  hf 

1  The  ration,  one  ounce,  u  getierally  too  Binall,  aud  might  idvautogeouBly  be  dou1jl{»]  at 
l«ast    See  exiierimenta  TtH^orded  in  The  Isa^f  </  a  ^irit  Hation  (PftrkeM),  Appeadlx  I*  p,  39 


Fig.  78.  —Raw  Coffoe-befiry ;  trauiSTeise  section. 
xl7a 


soldiers.     Exposed  to  the  air  the  roasted  and  ground  coffee  loses  its  aroma 

in  from  two  to  foni*  month? ;  but  if  packed  in  tins  it  will  keep  it  for  several 

months.     The  titia  should  not  be  too  large,  so  that  no  moi^  tlian  necessary 

may  be  exposed  k>  the  air*     It 

hiis  been  said  that  the  tin  is  acted 

ujMTdi,  but  this  does  not  appear  to 

be  the  case  for  some  time.     The 

amount  should  be  at  lea^t  ^ths 

of  an  ounce  for  each  person  per 

meaL 

The  coflee  must  not  be  boili^d, 
or  tlie  aroma  is  in  [)art  dissipated ; 
but  if  made  with  wat-er  of  180' 
or  200",  the  cufiee  only  gives  n|> 
19  to  25  per  cent,  whereas  it 
ought  to  yiehl  30  to  35  \mr  cent 
In  order  to  got  the  full  l)i»n«ht  of 
tlie  collec,  thorefore,  after  the  in- 
fusion has  been  poured  off,  the 
gronndti  should  be  well  boiled  m 
8ome  more  water,  and  the  hot 
decoction  poured  over  fresh  eotfee, 
so  that  it  may  take  up  aroma ; 
the  coffee  thus  imrfcially  ex- 
hausted can  be  used  on  the  next  occasion  for  boiling, 

A  10  prr  cent,  infusion  of  coffee  Uikcn  at  60'  F.  lias  a  specific  gravity  of 
about  1008  to  1010 ;  the  oil,  caffein,  sugar,  dextrin,  and  mineral  matters  are 
taken  up  by  watt^r, 

Chnu-e  of  Cofee, — This  is  determined  entirely  by  the  aroma  and  taste  of 
the  roasted  coffee  and  of  the  infusion.  If  the  coffee  has  been  damaged  (as 
by  sea-wator,  when  the  berries  are  washed  in  fresh  water  and  redried)  there 
is  always  a  disagreeable  t^iste  even  after  roasting  (CbevaUier).* 

Adulterations, — The  microscope  detects  adulterations  mth  the  greatest 
facility. 

The  stnicture  of  the  coffii^e-berry  is  sliown  in  the  dmwiugs.  The  long 
cells  of  tlie  testa  (figs.  77  and  7l>)  are  very  marked.  The  interior  of  tlie 
berry  alsvi  presents  characters  which  are  quite  evident ;  an  irregular  areolar 
tissue  contains  light  or  dark  yellow  angtilar  masses  and  oil  globules,  which 
are  very  different  from  any  ad  td  to  rations.  The  little  corkscrew-like  unrolled 
spiml  fibres  are  chiefly  found  in  the  bottom  of  the  raphe.  The  usual 
adulterations  of  coflee  are  roasted  chicory,^  cereal  grains  or  beans,  potatoes, 
ur  sugar. 

1.  Chicory f  jTrepared  from  the  root  of  tlie  wild  endive  (CicJwnam  intyhm\ 
is  discovered  by  its  smell ;  by  yielding  a  darker  ami  denser  infusion  of  a 
specific  gravity  of  1018  to  1021  ;  and  by  its  microscopic  cliaracters.  It  also 
sinks  at  once  in  water  when  roasted,  wherc^as  coffee  HoaU  for  a  long  time,  in 
consequence  of  the  development  of  gas  during  roasting,  or  from  the  non- 

1  With  regmrd  to  the  choice  of  the  coffe©  Lcrry  some  caation  mast  bu  used.  The  best 
co0e«,  that  of  Yemen^  origiually  thts  Aby8«4miuD  )>erTy,  i«  a  moderately  Xhrj^  fuU  l»t?rTy  (acconl* 
iiig  to  Palgrave),  the  iiiftirior  tort*  being  amall  and  Rhrivulkni.  In  India  the  Baruu  rub  dotwi 
not  seem  to  hold  good,  and  oflicem  of  cxiJeriunLt-  have  Gtated  that  in  that  countr>'  the  bast 
iiolTise  b  ofU?n  a  tihrivdle<i  and  uninvitingdooking  article,  whilst  the  fuller  and  appareiiUy 
flufT  Hampleta  are  rtally  inferior  for  use  oa  a  bevera^ 

>  CUIocjry  ri«  Haiti  to  bt.'  adulterated  with  roaatcd  barley  and  wheat  gralu»  acorua,  uiaiigbld- 
wurael,  sawdujit,  and  bcauB  and  jwati. 
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absorbent  chnrncter  of  the  pcrispcrm  and  hard  yellow  granules  of  the  eel 


3? 


Pig.  79»— Hoasted  Ooffee ;  tlie  (lark  odls,  ooDtaiiiiiig  &ir,  show  the  spiral  fibre. 

The  microgcopic  test  is  the  most  important,  and  both  the  cells  and 
lotted  ditets  of  chicory  are  quite  chamcterlstic ;  at  least  nothing  like  tli^m 

exists  in  coffi^e,^  The  per- 
cenU^ige  of  asJi  has  l^eea 
suggested  as  a  means  of 
detection.  Coffee  jrields 
alxuit  4  per  cent,  of  which 
ftinr'tiftha  are  soluble  in 
water  ;  chicory  yields  about 
5  per  cejit.,  of  which  only 
one-third  is  soluble. 

Chicory  contains  a  notable 
amount  of  sugur  (10  to  18 
per  cent)^  whereas  roasted 
cotl'ee  has  never  more  than 
1  per  cent.  Wanklyn  liaa 
|>r<*|>osed  to  nirike  this  a  basis 
of  tlL-tectitin,  using  tlie  stand* 
artl  eopj>or  solution. 

2.  Ki>asted  £^m  or  beana 
are  at  once  known  by  the 
starch  gniins,  which  fre- 
(juently  preserve  tlie  precise 
character  of  wheat  or  barley 
The  infusion  also  gives  a  blue 


Fig.  BO, — Ro&sted  Coflfee-berry  ;  tnuuiYersa  s&ctiou. 

or  beans.     Iodine  turns  them  at  once  bhu\ 
with  iodine. 


1  Yiirloua  vegetable  soUtUncea  Are  now  ponniiteid  to  be  sold  oe  subetituies  for  ooff»e,  pTO> 
viiiwi  ihvy  are  properly  lalKilled  noil  njiui«  up  lu  j  It  pftekeU, 
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3.  Poiato  starch  is  also  at  once  detected  ;  there  is  nothing  like  it  in  coffee. 
Saffo  starch,  which  is  sometimes  used,  is  easily  detected. 

4*  Sugar  is  detected  by  solution,  and  by  the  cop|^e^  solution  which  it  re- 
duces, as  the  kind  of  sugar  is  almost  always  glucose.     If  caramel  or  burnt 


.l^f^^^T.' 


P 


Fig.  8L  ^Chicory  Boot ;  cells  und  clotted  cltititik 

tuigar  bo  present,  make  an  infusion,  evaporate^  dry,  and  taste  :  if  the  extract 
bo  brittle,  dark-coloured,  and  bitter  to  the  taste,  caramel  has  hi^en  added 
(Hawaii). 

5.  Pereira^  has  given  a  long  list  of  adulterations  of  chicory,  and  Haasall 
has  also  detected  mixture  with  xnangoUl-wurzeb  parsnip,  04irrot^  acoru,  and 
sawdust.  The  cells  of  raangold-wurzel  arc  like  ehiforyj  but  much  larger; 
those  of  caiTot  and  parsnip  are  something  like  chicory,  but  contaiu  starch 
cells ;  the  starch  grains  of  the  acorn  are  round  or  oval,  with  a  deep  culvert 
dejiression,  or  hiluni.  The  infusion  of  chicory  is  not  turned  blue  by  iodine ; 
when  incinerated  the  ash  of  chicory  should  not  be  less  than  5  per  cent 

The  use  of  coffee  is  decriasing  in  this  coiintr}',  due  largely  to  the  want  of 
care  m  its  preparation,  and  the  amount  of  adulteration,  which  existing  legis- 
lation eeenis  powerless  to  prevent 


8ub-8ection  IL — Tea. 

The  chief  kinds  of  black  tea  are  Souchong^  Congou,  Oolong,  Assam,  and 
Kaisow.  Bijliea  is  not  now  found  in  the  market.  The  chief  gi'cou  teas  are 
Hyson,  HysoU'Stem,  Tveankay,  Caper,  and  Gunpowdt^r. 

Dry  tea  cuntiiins  about  1-8  per  cent,  of  thein,  2^6  of  albumin,  9*7  of 
'  dextrin,  22  of  cellulose,  15  of  tannin,  20  of  extractives,  5 "4  of  ash,  tus  well 
m  other  matU^rs,  such  as  oil,  wax,  and  re^in. 

Ill  some  goo<l  teas  the  amount  of  Uiein  is  much  greater.  PeUgot  found 
us  much  as  6  21  per  cent  in  dry  tea.  The  thein  is  combined  with  tannic 
acid. 

BUck  tea  contains  from  6  to  10  per  cent  of  water — more  often  the  latter 
I  quantity  ;  green  tea  about  8  per  cent 


I  Materia  Medica^  vol  ii.  p,  ]57d.(lSd3). 
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The  ash^  consists  principally  of  potash,  soda,  magnesia,  phosphoric  acid, 
chlorine,  carbonic  acid,  iron,  silica,  and  traces  of  manganese. 

There  is  rather  more  tannic  acid,  and  more  thein  and  SBtherial  oil,  in  green 
than  black  .tea,  and  less  cellulose ;  otherwise  the  composition  id  much  the 
same  (Mulder). 

Black  tea  yields  to  boiling  water,       .        .        .  29-45  per  cent. 

As  a  mean,   ...  38      ,, 

Green*         „  „  ....  40-48      „ 

As  a  mean,  .        .  48      „ 

About  f  ths  of  the  soluble  matters  are  taken  up  by  the  first  infusion  with 
hot  water.^ 

If  water  contain  much  lime  or  iron  it  will  not  make  good  tea ;  in  each 
case  the  water  should  be  well  boiled  with  a  little  carbonate  of  soda  for  15  or 
20  minutes,  and  then  poured  on  the  leaves. 

In  the  infusion  are  found  dextrin,  glucose,  tannin,  and  thein.  About -47 
per  cent,  of  the  nitrogenous  substances  pass  into  the  infusion,  and  53  per 
cent,  remain  undissolved.  If  soda  is  added,  a  still  greater  amount  is  given 
to  water. 

The  green  tea  (now  little  sold)  is  either  natural,  or  coloured  (faced)  with 
indigo,  Prussian  blue,  clay,  carbonate  and  acetate  of  copper,  curcuma, 
gypsum,  and  chalk. 

Scraping  the  tea-leaves  and  microscopic  examination  at  once  detect  the 
shining  blue  particles  of  indigo  and  Prussian  blue ;  and  the  addition  of  an 
acid  indicates  which  is  indigo.  Copper  is  at  once  detected  by  solution  in  an 
acid  and  addition  of  ammonia.  Letheby  stated  that  black  lead  is  used  to 
give  a  bloom  to  black  teas.* 

As  an  Article  of  Diet, —  Tea  seems  to  have  a  decidedly  stimulant  and 
restorative  action  on  the  nervous  system,  which  is  perhaps  aided  by  the 
warmth  of  the  infusion.  No  depression  follows  this.  The  pulse  is  a  little 
quickened.  The  amount  of  pulmonary  carbon  dioxide  is,  according  to  K 
Smith,  increased.^  The  action  of  the  skin  is  increased,  that  of  the  bowels 
lessened.  The  kidney  excretion  is  little  affected  ;  perhaps  the  urea  is  a  little 
lessened,  but  this  is  uncertain.^  Sir  W.  Roberts  states  that  salivary  and 
peptic  digestion  is  retarded  by  the  use  of  tea,  and  concludes  that  this  is  due 
to  the  tannin  which  it  contains :  the  addition  of  a  small  quantity  of  car- 
bonate of  soda  entirely  removes  this  retarding  influence  on  digestion. 

^  The  Society  of  Public  Analysts  have  adopted  8  per  cent,  of  ash  as  the  maximum  of  per- 
fectly dry  tea.  Tlie  amount  in  ordinary  tea  is  about  5  to  6  per  cent.,  of  which  about  3  per 
cent  is  soluble.    The  ash  of  spent  tea  is  only  about  3  per  cent.,  of  which  0*5  is  soluble. 

2  There  appears  now  to  be  very  little  green  tea  in  the  market,  since  it  has  been  decided  that 
**  facing  "  is  an  adulteration. 

*  The  Society  of  Public  Analysts  have  adopted  30  per  cent,  as  the  minimum  extract  in 
genuine  tea  ;  Wanklyn  takes  32,  and  certainly  good  genuine  tea  vields  this  at  least  The 
amount  of  tannin  taken  up  by  the  infusion  varies  according  to  the  character  of  the  tea  as  well 
as  the  time  the  infusion  is  allowed  to  stand:  the  following  numbers  are  given  by  Dr  Hale 
White  {B.M.J.y  Jan.  12,  .'  — 


Per  cent  by  weight  after  3  minutes.  After  15  minutes. 
Finest  Assam,                             11  -30  1 7  73 

Finest  China,  7*77  7*97 

Conmion  Congou,  9*37  11*15 

*  The  brick  tea  of  the  Tartars  consists  of  old  tea  leaves,  mixed  with  the  leaves  and  stems  of 
JViamnus  thc^zans^  Rhododendron  y  Chrysanthemum^  Rosa  canina^  and  other  plants,  mixed 
with  ox's  or  sheep's  blood.     It  is  much  used  to  purify  water. 

fi  Phil.  Transactions^  1859. 

«  The  evidence  "with  resi)ect  to  the  urine  Ls  very  contradictory ;  but,  on  the  whole,  the 
action  seems  to  be  inconsiaerable.  Dr  Edward  Smith  considers  that  "  tea  promotes  all  vital 
actions,  and  increases  the  action  of  the  skin."  It  is,  jierhai^s,  imiwssible  at  present  to  express 
its  action  in  so  succinct  a  form. 


C4.7r»*  b*  ^dsar.orufi. 


OllorJinthas  J, . 


rZAVES     uSEB   IK  THE  ADULTERATION  OF  TEA 
loe,  "Willow  Odk.BeecA.EItier^  itid  HAWtiicrn  Kaveiecn  riAture  prmved  k. 
T  ncd-  Tlie Drawings  of  tKe  rhloraRtKus  lnronsp]c^j\j£    ar,»l  tKe  ramelW 
;i  ire  541a  tc'ii^-jitfa  b/tA^  GanesB  are  copieci  from  Ha,ssft.\\**t.t  »ttti:*^S 

v^i^oi  ifa/'^Ajjg^rjuyw  decidedly  uncainmon  in  tKit  CuuxAr:/  . 


Jf #  A*  H*n'n*T  \ 
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As  an  article  of  diet  for  soldiers,  tea  is  most  usefid.  The  hot  infusion, 
like  that  of  coffee,  is  potent  both  against  heat  and  cold ;  is  most  useful  in 
great  fatigue,  especiidly  in  hot  dinmte.s  (Htiruild  Martin) ;  it  also  has  a 
great  purifying  etTect  on  water,  l>c>th  on  aceount  of  the  contained  tannin, 
and  indirectly  by  the  boiling  of  the  wat^er.  Tea  is  so  light,  is  so  easily 
carrit^d,  and  the  infusion  is  so  readily  made,  that  it  should  form  the  drink 
par  excellence  of  tiie  soldier  on  service.  There  is  also  a  belief  that  it 
lessens  the  susceptibility  to  malariii,  but  the  evidence  on  this  point  is  im- 
perfect. 

Choice  of  Tea. — The  tea  ahonlii  not  he  too  much  broken  up,  or  mixed  up 
with  dirt  Spread  out,  the  le^iYes  should  not  be  all  large,  thick,  dark,  and 
old,  but  some  should  be  small  and  young.  There  will  always  be  in  the  l)ci5t 
tea  a  good  deal  of  stalk  and  some  remahis  of  tlie  Hower.  In  old  tea  much 
of  the  setherial  oil  evaporate^?,  and  the  aroma  is  less  marked. 

The  infusion  shoukl  bo  fragrant  to  smell,  not  harsh  and  hitter  to  taste» 
and  not  t<io  dark.  The  buyers  of  tea  seem  especially  to  depend  on  the  smell 
and  taste  of  the  infusion. 

Simdure  of  tkt  Tea  Leaf. — The  border  is  serrated  nearly  but  not  quite 
to  the  stiilk ;  the  primary  veins  run  out  froui  the  mi  drib  nearly  to  the 
border,  and  then  turn  in,  so  that  a  distiJiet  space  is  left  between  them  and 
the  border.  The  leaf  may  vary  in  i>oint  of  size  and  shape,  being  sometimes 
broader,  and  sometimes  long  and  narrow.  The  appearance  under  the 
microscope  of  the  upper  and  under  surfaces  is  seen  in  the  drawing.  The 
border  and  the  primary  venation  distinguish  it  from  ^dl  leaves.^  The  leaves 
wiiich  it  is  said  have  been  laixed  with  or  substituted  for  tea  in  this  counti7 
are  the  willow,  sloe,  oak,  Vakmia  oak,  plane,  beech,  elm,  poplar,  hawthorn, 
and  ciie^tnut ;  and  in  China  Chloranthu^  iiicoTispicuiLs  and  Camellia  Sasanqua 
are  said  to  he  used.  Of  these  the  willow  ancf  the  sloe  are  the  oidy  leaves 
which  at  all  resemble  tea-leaves.  The  willow  is  more  irregularly,  and  the 
sloe  is  much  le-'^s  perfectly  and  unifonidy  serrated. 

To  examine  the  leaves,  make  an  infusion,  and  then  spread  out  a  number 
of  leaves ;  if  a  leaf  be  placed  on  a  glaaa  slide,  and  covered  with  a  thiu  glass, 
and  then  held  up  to  the  light,  the  border  and  venation  can  usually  be  well 
seen. 

The  leaves  of  the  Yalonia,  if  used,  are  at  once  detected  by  acicular  crystala 
being  found  under  the  microscope, 

8imietiraes  exhausted  teadeaves  are  mixed  with  catechu  or  with  a  coarse 
powder  of  a  reddisli-brown  colour,  consisting  chiefly  of  powdered  catechu, 
and  called  **  La  Vono  Bene."  Gum  and  starch  are  added,  the  leaves  being 
steeped  in  a  strong  solution  of  gum,  which,  in  drying,  contracts  them.  The 
want  of  aronm,  and  the  collection  at  the  bi*ttom  of  the  infusion  uf  powden-d 
catechu,  or  the  detection  of  particles  of  catechu,  will  at  once  indicate  this 
falsification,  which  is,  however,  very  uncommon,  8and  and  magnetic  oxide 
of  iron  are  added  by  the  GMnestn  At  tirst  the  lattfT  was  nustaken  for  iron 
filings;  and  when  it  was  prove<l  to  he  really  magnetic  oxide,  it  was  suggested 


1  Tb6  strticture  of  the  nerr&tittc  h  r»ther  peculiar,  ith owing  a&  &]>parently  abortive  ]mf' 
bud  just  wilhiu  the  point.     This  orrnTi  rati  >w  ^wti  tiisttndly  with  an  ordinary  pocket  lens, 
and  coiutiiits  of  acvlmdridil  bas'  l  apic&l  part.    From 

the  reticulated  body  of  the  ven::i  i  teed  into  m^h  of  Ibo 

miiintis  bnd-l ike  bodies  which  ar'      :  ..  ...     ..^    ..  ....    .crrature.    This  latter 

particular  id  of  importance,  for,  as  niigbi  •  <1,  somewhat  siiiiil&r  appendages  may 

DC  fontid  in  other  >Mirrated  le&ves,  bat  in  nW  herto  ejcaminedi  they  occur  at  luiiteAd 

of  utitkin  the  point  of  the  •emttire«.     No  m  ti.  r  riT>]>tan  to  have  been  taken  of  this  fact  by 
rtrnototml  botanists ;  but  Dr  MoodonaUlt  who  UrA  calleil  atti^Uoii  to  it,  refers  the  l>oiUt*N 
' ves  to  the  category  of  marginu]  budn. 


^^^^msel' 
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that  it  came  accidenUilly  frtmi  the  soil  where  the  tea  was  cultivated.     Has^ill, 
however,  gives  guud  reasuns  ftir  its  htujig  a  wilful  additioii.^ 

ExamincUian  of  Tea^ 

Judge  of  the  aroma  of  the  dry  tea  and  infusion  ;  taste  infusion  ;  spread  out 
leaYl^s  and  see  their  charactei-s ;  collect  aiivthiiig  like  mineral  powder,  and 
exfiiniiio  under  microscope.  The  microscope  will  akn  show  if  the  tea  has 
detcriomted  liy  keeping  ;  sometimes  aeari,  fungij  and  iHi/'teria  may  ho  found. 

To  make  the  infusion,  t4ike  10  grammes  of  tea,  and  infuse  in  500  e.c,  of 
hcftlinf/  distilled  or  rain  water. -  Let  it  stand  fiveor  bix  minutes  hef ore  smell- 
ing and  tasting  it.     Kxliaust  the  leaves  by  boiling  with  successive  portions  of 


Upper  Surface. 
X282. 


Under  Surfiice. 
x285. 


Fig.  82.— Dried  Black  Tea  Leaf. 

water,  iintil  no  colour  is  given  up  to  the  water.  Measure  the  total  amount  of 
tlie  infusion  and  decoction  mijjced  together ;  tiike  100  c.c.  and  dry  it  in  a 
water-bath,'*  and  w*eigh.     Calculate  out  the  jjercentage, 

EjrampJe, — Tlie  total  quiuitity  of  the  infusion  from  10  grammes  of  tea 

>  Minute  nuautiti&s  have  boefu  found  in  two  instances  in  tea  napplied  to  Netlcy  Bosptta] ; 
in  one  the  Asb  was  6'05{i  per  cent.,  in  tbe  other  6*220.  Hassall  states  that  he  has  never 
found  it  except  in  tea  that  naa  been  undoubtedly  adultcmted  aud  yielded  a  very  tnnch  greatifr 
amount  of  ash. 

^  The  dealers  uiitnally  take  as  fonch  tea  as  la  equal  In  weight  to  a  new  sixpence  for  tlie  Inlki. 
Dion.  Tlilft  b  equal  to  about  3  grammeji ;  it  is  dissolved  in  a  ctipful  of  water,  about  6  oanoet 
or  140  c.e. 

*  Mr  Wauklyn  sugsyej^ts  a  simple  fonu  of  water-liftth, — an  orriinary  tin  oii-can  about  thn!«> 
jiartJi  full  of  water ;  this  is  boiled  over  a  lamp,  and  the  <lish  with  infusion  to  l>e  drieil  heM 
over  tilt'  narrow  mouth  in  the  ring  of  a  retort  stand.  The  drjing  is  soon  eomplet^^'d  in  tlio 
ct^raiti. 
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was  1890   c.c. ;  100  c.c.  taken  and  dried  yielded  0*21    of  extract;  then 

1890 

— — -  X  0*21    =»    3*969   of   extract   in    10   grammes ;    this   multiplied    by 

10  =  39-69  per  cent. 

The  exhausted  leaves  may  also  be  dried  and  weighed,  the  loss  representing 
the  amount  of  extract,  which  ought  to  correspond  with  the  amount  obtained 
directly. 

The  ash  should  also  be  determined ;  5  or  10  grammes  are  to  be  incinerated ; 
the  ash  is  generally  grey,  sometimes  slightly  greenish.  Any  excess  above  6 
per  cent  is  suspicious ;  if  above  8  per  cent  on  the  perfectly  dry  tea,  adul- 
teration is  certain.  About  one-half  of  the  ash  is  soluble  in  water;  the 
solution  is  often  (but  not  always)  pink,  from  the  presence  of  manganese. 
The  amount  and  character  of  the  ash  form  good  means  of  detecting  ti^e  use 
of  exhausted  leaves. 

The  acidity  of  the  infusion,  and  the  amount  of  tannin  and  thein,  may  also 
be  determined ;  as  also  the  chlorine,  alkalinity,  and  iron  of  the  ash.  The 
best  tests  of  the  quality  of  the  tea  are  the  aroma  and  the  physical  characters. 

Extraction  of  Thein. — Occasionally  it  may  be  desired  to  determine  the 
quantity  of  thein.  Take  10  grammes  of  tea,  exhaust  with  boiling  water, 
and  add  solution  of  subacetate  of  lead;  filter;  pass  hydrosulphuric  acid 
through  to  get  rid  of  excess  of  lead ;  filter ;  evaporate  to  small  bulk,  and  add 
a  little  ammonia ;  add  more  water,  decolorise  with  animal  charcoal,  and  eva- 
porate slowly  to  small  bulk.  Wliite  feathery  crystals  of  thein  form,  whicli 
should  be  collected  on  filtering  paper,  dried  at  a  very  low  heat,  and  weighed. 

Determination  of  Tannin, — Make  an  infusion  and  add  solution  of  gelatine ; 
collect  precipitate,  dry  and  weigh — 100  =  40  of  tannin  (Marcet). 


Sub-Section  III. — Cocoa. 

Composition, — Although  the  theobromin  of  cocoa  closely  resembles  thein 
and  caffein,  the  composition  of  cocoa  removes  it  widely  from  tea  and  coffee. 
The  quantity  of  fat  is  large ;  it  varies  even  in  the  same  sort  of  cocoa,  but 
is  usually  from  45  to  50  per  cent,  in  the  nibs ;  but  in  the  prepared  cocoas, 
the  amount  varies  from  13  to  20  per  cent^  The  theobromin  is  1*2  to  1*5 
per  cent. ;  the  proteid  substances  13  to  18  per  cent.  The  ash  contains  a 
large  quantity  of  phosphate  of  potassium. 

As  an  Article  of  Diet. — The  large  quantity  of  fat  and  proteid  substance 
makes  it  a  very  nourishing  article  of  diet ;  and  it  is  therefore  useful  in  weak 
states  of  the  system,  and  for  healthy  men  under  circumstances  of  great  exer- 
tion. It  has  been  even  compared  to  milk.  In  South  America  cocoa  and 
maize  cakes  are  used  by  travellers ;  and  the  large  amount  of  agreeable 
nourisliment  in  small  bulk  enables  several  days'  supplies  to  be  easily  carried 
(Humboldt). 

By  roasting,  the  starch  is  changed  into  dextrin ;  the  amount  of  margaric 
acid  increases,  and  an  empyreumatic  substance  is  formed. 

The  changes  depend  on  the  amount  of  roasting ;  the  lighter-coloured  nuts 
contain  more  unchanged  fat,  and  less  aroma ;  the  strongly  roasted  and  dark 
cocoas  have  more  aroma  and  bitterness. 

Choice  and  Advlterations, — In  commerce,  cereal  grains,  starches,  arrow- 
root, sago,  or  potato  starch  and  sugar,  are  very  commonly  mixed  with  cocoa; 

'  The  Society  of  Public  Analysts  have  adopted  20  i>er  cent,  of  cocoa  butter  as  the  minimum 
admissible. 
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and  some  of  the  schcalled  hoBiCEopathic  c cocoas  are  rightly  named,  for  the. 
amount  of  cocoa  is  very  gmalL     Brick-dust  and  peroxide  of  iron  are  some 
times  used  (N^ormandy).^     The  Btructure  of  the  cocoa  is  very  marked. 

The  starch  grains  of  cocoa  are  small,  and  embedded  usually  in  the  cells. 
The  presence  of  starch  grains  of  cereals,  arrowroot,  sago,  or  other  kiod«  of 
starch,  is  at  once  detected  1\y  the  microscope.  iSugar  can  be  detected  by 
the  tafite,  and  by  sohition.  l^Iincral  Hubstances  are  best  detected  by  incin- 
eration, digesting  it  in  an  acid  and  testing  for  iron^  lead,  &c. 

Chocolate  is  a  preparation  of  cocoa,  from  which  the  greater  part  of  the 


Fig.  83.— Cocoa,  outer  coat,     x  190. 

cocoa  butter  has  l>een  removed  ;  the  paste  is  mixed  with  sugar  and  van^? 
Jiavotiring  subsUmce^^  and  pressed  into  moulds. 

Coca.— The  leaves  of  EiytJtroxylon.  cru^a,  wlien  chewed,  are  said  to  take 
away  the  feeling  of  fatigue  after  excessive  exertion.  The  Iiidiims  of  Peru 
make  use  of  the  plant  for  this  purpose,  and  trials  have  been  made  with  some 
success  on  soldiers  in  Gennanyi  after  long  marches.  The  active  principle  is 
cocaine,  the  use  of  which  as  a  local  anfesthetic  is  wcU  known. 

AWa.— This  is  prepared  from  the  seeds  of  tSterridia  acuminata^  the  soJ 
called  Kola  nut     It  has  some  slight  fatigue-dispelling  power,  if  masticat 
or  taken  when  frealdy  ground.     It  increases  the  urinary  water,  and  reduc 
the  total  solids  of  urine,  especially  the  extractives ;  it  acts  as  a  stimulant  i 
the  nervous  system,  and  increases  the  arterial  tension.     It  is  stated  to  con^ij 
tain  theine  (Attfield).^ 

*  HtiKfciill  examined  64  samples  ;  8  were  genuine,  43  contained  sugar,  and  46  sturch  ;  39  on| 
of  68  sAiiiifles  contftiued  earthy  colouring  niftttcr,  an  reddle,  Venetian  red,  ftud  amber.^ 
AduWfmttm,  p.  I6tf. 
«  See  Pracdtiofur,  July  188^. 
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SECTION  m, 
COKDIMENXa 

Sub-Section  I.^Vinegae. 

It  an  Artkle  of  Diet. — Kobert  Jackson  was  of  opinion  that  the  nae  of 
"^negar  was  too  restricted  in  the  army.  This  opinion  he  appears  to  have 
formed  from  considering  the  great  use  of  vinegar  made  by  the  Romans. 
Wliatever  may  have  been  the  source  of  the  opinion,  there  is  no  doubt  of  ite 
correctness.  Acetic  acid  plays  that  double  pai-t  in  tlie  l>ody  which  seema 
so  important,  of  first  an  acid  of  a  neutrjil  salt^  and  then,  in  the  form  of  car- 
bonic acidj  as  the  acid  of  an  alkahne  salt.  But  this  valuable  dietetic  quality 
id  partly  counterbalanced  in  English  vinegar  by  the  unfortunate  cireuin- 
stanoe  that  sulphuric  mid  (k^qqUi  in  weight)  is  allowed  to  be  added  to 
vinegar,  and  thus  a  strong  acid  is  t;iken  into  the  body^  whicli  is  not  only 
not  useful  iji  nutrition,  but  is  hurtful  from  the  tendency  to  form  insohible 
salts  of  lime.      As  the  addition  of  sulphuric  salts  is  not  necessary,*  aud, 


F%*  84 — Cocoft,  ufider  porbf,  middle  coat.     M 190. 

indeed,  is  not  permitted  on  the  Continent,  it  is  to  be  hoped  the  Legislature 
will  soon  alter  a  system  wliich  has  only  tlie  effect  of  injuring  an  importiint 
article  of  diet     The  amount  of  vinegar  which  may  be  usetl  may  be  from 


*  Tb«  *h«etic«  of  A  nffuiUuia  Aetii  has  b«n  hy  some  attribtited  to  the  use  of  siilpbiitie  wriil. 
S«9  Micrognsphic  Dktkmary,  artide  "  Anguilluliu"  lu  ft  MLinple  cix&nimed  at  Nei]«»y,  which 
swjLmicd  with  Axtgnilluiiii,  thtire  wsa  only  &  tmoa  of  sulphuric  acid. 
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one  to  several  ounces.  On  marches,  the  Romans  mixed  it  with  water  aa 
a  beverage. 

Examhuttion  of  Vinegar. — Severiil  kinds  of  viiiegar  arc  in  the  market^ 
known  hy  the  Kos.  16,  18,  20,  22,  24.  Ts^os.  22  and  24  are  the  best,  and 
conUin  about  5  per  cent,  of  pure  glacial  acetic  acid.  The  weakest  kinds 
contain  less  than  3  per  cent.  The  Society  of  Public  Analysts  have  ndopt<?d 
3  per  cent  a^  the  minimum  admissible. 

Qucditp, — 1.  Take  f^peciftc  gravity  :  white  wine  vinegar  varies  from  1015 
to  1022,  mtilt  vinegar  from  1016  to  1019.  If  below  this  water  has  been 
added. 

2.  Determine  acidity  of  10  c.c.  with  the  alkaline  sobition.^  It  is  gene- 
rally beat  to  dilute  the  vinegar  ten  times  with  distilled  water,  and  to  take 


/Sr       ^'} 


Fiff.  S5. — White  Mustard  Seed. — Ciiti<:Ie  consifitinff  of  a  perfonite.1  cellular  epidenn  and 
Mucilage  ceUs,  some  by  expansion  lascaplng  through  thu  cuticuiM-  openitig^  ait^r  tielDg  plmoed 
in  water. 

10  c.c.  of  the  diluted  vinegar.  Multiply  the  c.c.  of  alkaline  solution  used 
0*6  I  the  result  is  acetic  acid  per  cent. 

Hxamjde. — ^10  cc  of  diluted  vinegar  took  8  c.c.  of  alkaline  solution: 
Fx  06  -  4*8  per  cent,  of  acetic  acid. 

The  acidity  of  English  vinegar  is  chiefly  caused  by  acetic  and  sulphuric 
acids,  but  it  is  usually  calculated  at  once  as  glacial  acetic  acid-  If  it  falls 
below  3  per  cent.,-  water  has  probably  heen  added.  If  the  specific  gravity  be 
low,  and  the  acidity  high,  excess  of  sidphuric  acid  may  have  been  added. 

Sodium  C4irhonate  or  ammonia  gives  a  purplish  precipitate  in  u^iif  vinegur, 
but  not  in  malt  vinegar. 

If  excesis  of  sulplnu-ic  acid  be  suspected,  it  must  be  determined  by 
baryta ;  this  requires  care,  as  sulphates  may  bo  introduced  in  the  water. 
Hydrochloric  acid  and  barium  cliloride  are  added ;  the  sulphate  of  barium 
collected,  dried,  weighed,  and  multiplied  hv  0-34334,  gives  the  weight 
of  SO4. 


i  See  Appendix  A. 

5«  HassttU  8aj'^3'6  pt*r  cent. 
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Adufteraiions. — Water ;  sulphuric  acid  in  excess  ;  ^  hyilrouliloric  acid  (un- 
coimnon) ;  or  coExnion  salt  (detected  by  nitrate  of  silver  and  dilute  nitric 
aciil) ;  pyttJligneous  acid  (iHstil  and  re-distil  tlie  distillate,  the  residue  will 
have  the  smell  of  pyrol igneous  acid) ;  leiid  ;  copper  from  vessels  (evaporate 
to  dryness,  incinerate,  dissolve  in  weak  nitric  acid,  divide  into  two  parts, 
pa38  iSH^  through  one,  and  test  for  copper  in  the  other  by  ammonia,  or  l«y 
a  piece  of  iron  wire) ;  corrosive  sublimate  (foss  8H.v  througli,  collect  pro* 
cipitate)  ;  capsicum,  pellitor}%  or  other  pungent  suKstance^s  (evaporate  nearly 
to  dryness,  and  dissolve  in  boiling  alcohol,  evaporate  to  syrup,  taste ;  burnt 
sugar  gives  a  bitter  taste  and  a  dark  colour  to  the  syrup). 

The  presence  of  copper  in  the  vinegar  used  for  pickles  may  be  easily 
dete<!ted  by  simply  inserting  the  bright  blade  of  a  steel  knife. 


Stjb^Section  n. — Mdstard. 

Good  mustard  is  known  by  the  sharp  acrid  smell  and  teste.  It  is 
adulterated  with  turmeric  (detected  by  microscope  and  liquor  potassje), 
wheat  or  barley  starch  (detected  by  microscope  and  iodine),  and  linseed 


;88»— White  Muiftturd  Se^d. — 1,  Otitcr  ooiit,  ctiticlo  oitie'tlAgfi  eclls  ;  %  Pibrotw  reticular  ; 
gnlAr  cells  ;  4,  Large  oeliit  &iul  very  delictite  uit'iiibmue  ;  5»  Interior  ot»eed  with  a 
i  oil  globakji. 

(detected  by  microscope).  Many  samples  of  mustard  are  still  mixed  with 
turmeric  and  starch  of  some  kind,  but  this  has  very  much  lessened  since  the 
passing  of  the  Adulteration  Act.  Clay  and  plaster  of  Paris  are  sometimes 
a^idodt  iind  ci^yenne  is  added  to  bring  up  tlie  sharpness,  if  much  flour  is  used. 
The  microacopic  characters  of  mustard  are  well  marked.     The  outer  coat 

t  ^litt  pwieooc  of  stilpliuric  arid  niAY  bo  dotected,  fiunlttatively,  by  addiug  a  few  drop«  of 
the  viiugmr  to  a  piece  oS  caiiti  migM\  tiid  QTii|)onittiig  on  the  water  bath.  The  folatioa  beoomes 
\)]»Gk  in  pfoportiott  to  Ui<s  tuiaijml  aciii  uteivitiL—ItiiMail, 
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of  the  white  mustartl  conifists  of  a  striituni  of  hexagonal  cells,  perforated  in 
the  centre^  mid  otiier  cells  which  occupy  the  centre  ]X)rtioti  of  the  hexagonal 
eeUsj  and  escape  through  the  opening  when  awoUen  from   imbibition    of 


Fig.  87.— White  MiiBi^ird  Seed,  central  part,     x 205. 

water ;  these  cells  are  believed  to  contain  the  mucilage  which  is  obtained 
when  mustard  h  placed  in  water.  There  are  two  internal  coats  made  up 
of  small  ang\dnT  cells ;  the  structure  of  the  seed  consists  of  numerous  cells 
eonti\ming  oil,  but  no  starch*  The  black  mustard  has  the  same  eharactera, 
without  the  infumlibuliform  cells. 


The 


Sub-Section  IIL — Peppee. 
microscopic  characters  of  pepi>er  are  wither  complicated  j 


there 


IS 


Pig.  88* — Suctioii  of  BIju:k  iV|j(.ter  Berry,  centnd  portion* 
Iiugk  composed  of  four  or  five  layers  of  cells  and  a  central  part. 
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emally  elongated  cells^  placed  vertically^  and  |>i'<ivided  with  a  ceEtral 
cavity,  from  •which  lines  radiat*?  towards  the  circuiiifercDce ;  then  come  some 
strata  of  angular  cells,  which,  towards  the  interioFj  arc  larger,  and  filled  with 
ail.  The  third  layer  is  composed  of  wowiy  tihre  and  spiral  cells.  The  fourth 
layer  is  made  up  of  large  cells,  which  bowanis  the  interior  become  smaller 
and  of  a  deepred  colour ;  they  contain  most  of  the  essential  oil  of  the  pepi>er. 
T!ie  central  jmrt  of  the  berry  is  composed  of  large  angular  cells,  about 
twice  as  long  as  brofid.  Steeped  in  water,  some  of  these  cells  become  yellow, 
others  remain  colourless.     It  has  been  supposed  that  the  yellow  cells  contain 


P 


Fig.  89.— Trmnsvcree  Section  of  BlKok  Pepper  6«rry. 

piperine,  as  they  give  the  same  reactions  as  piperine  does :  the  tint,  namely, 
is  deepened  by  alcohol  and  nitric  acid,  and  sulphuric  acid  applied  to  a  dry 
section  causes  a  rLMldish  hue  (llasiwdl). 

White  pepper  i.^  tlie  central  i>art  of  the  seed,  l>ut  some  small  particles  of 
cortex  are  usually  mixed  with  it.  It  is  c^^uijiosed  of  cells  contauiing  very 
small  starch  grains.     H assail  says  that  the  central  white  cells  nre  so  hard 

Lthey  may  he  mistaken  for  particles  of  sancL     A  little  car*?  would  avoid  this. 
The  staK'h  grains  are  easOy  detected,  however  small,  by  io<liuc. 
Pepper  is  atlultenited  with  linseed,  nuistard  husks,  wheat  and  pea  flouFt 
liipe  cake,  and  ground  rice.     Tlie  microscope  at  once  detects  these  adultera- 
tians. 
IVpi>er   is   also   largely  adulterated   with   husks  and   palm-tiut  |K5wder 
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(Poivrette),  and  with  mineral  substances  :  these  latter  may  be  separated  by 
shaking  up  with  chloroform.  No  pure  pepper  should  give  less  than  50  per 
cent,  of  reducing  sugar  on  the  ash-free  substance  (piperine  and  piperidine 
reducing  the  Fehling's  solution) ;  palm-nut  powder  gives  23  per  cent. 
(Leng).  Neuss  ^  recommends  covering  the  powder  with  concentrated  HCl : 
true  pepper  becomes  intensely  yellow,  and  from  among  it  other  substances 
can  be  picked  out. 

Pepper  dust  is  merely  the  sweepings  of  the  warehouses.  Kape  or  linseed 
cake,  cayenne  and  mustard  husks,  are  mixed  with  pepper  dust^  and  it  is  then 
sold  as  pepper. 

Sub-Sbotion  rV. — Salt. 

The  goodness  of  ground  salt  is  known  by  its  whiteness,  fine  crystalline 
character,  dryness,  complete  and  clear  solution  in  water.  The  coarser  kinds, 
containing  often  chloride  of  magnesium,  and  perhaps  lime  salts,  are  darker 
coloured,  more  or  less  deliquescent,  and  either  not  thoroughly  crystallised  or 
in  too  large  crystals.  In  large  masses  rock  salt  is  often  of  a  reddish  colour, 
which  disappears  on  grinding. 


SECTION  IV. 
LEMON  AND  LIME  JUICK 

These  juices  contain  free  acids  in  large  quantities,  chiefly  citric,  and  a 
little  malic  acid,  sugar,  vegetable  albumin,  and  mucus. 

The  expressed  juice  of  the  ripe  fruit  of  the  Citrus  Limonum,  as  ordered  by 
the  British  Pharmacopoeia,  is  said  to  have  a  specific  gravity  of  1*039,  and  to 
contain  on  an  average  32*5  grains  of  citric  acid  in  one  fluid  ounce.^  The 
fresh  juice  of  the  lime  (Citrtis  Limetta,  or  Citnts  acida)  has  a  rather  less 
specific  gravity  (1*037),  and  contains  less  acid  (32*22  grains  per  ounce).^ 

The  very  important  Merchant  Shipping  Act,**  which  regulates  the  issue  of 
lemon  juice  on  board  merchant  vessels,  does  not  define  the  strength  ;  but  it 
has  been  stated  by  Mr  Stoddart^  that  the  Board  of  Trade  standard  is 
a  specific  gravity  of  1030  without  spirit,  and  30  grains  of  citric  acid  per 
ounce.     It  occasionally  is  as  high  as  1050. 

As  found  in  commerce,  for  merchant  shipping,  or  used  in  the  Royal  Navy, 
the  lime  or  lemon  juice  is  chiefly  prepared  in  Sicily  or  the  West  Indies ;  it 
is  mixed  with  spirit  (usually  brandy  or  whisky,  which  gives  it  a  slightly 
greenish-yellow  hue),  and  olive  oil  is  poured  on  the  top. 

Sugar  is  added  to  it  when  issued,  to  make  it  more  agreeable  to  taste,  in 
the  proportion  of  half  its  weight.  Lemon  juice  is  usually  issued  in  bottles 
containing  three  to  four  pints,  not  quite  filled,  and  is  covered  with  a  layer 
of  olive  oil.  About  1  ounce  of  brandy  is  added  to  each  10  ounces  of  juice. 
Sometimes  the  juice  is  boiled,  and  no  brandy  is  added ;  the  former  kind 
keeps  best  (Armstrong).     Both  are  equal  in  anti-scorbutic  power  (Armstrong). 

1  Pharm.  Zeitunt/,  1885. 

*  Mr  Stodtlart  {Pharm.  Jour.,  Oct.  1868)  points  out  that  the  specific  gravity  is  too  high  for 
the  quantity  of  acid  stated  ;  there  may,  however,  be  other  ingredients.  He  gives  hims^  tho 
siiecific  gravity  as  1-040  to  1-045,  and  the  citric  acid  as  39  to  46  grains  per  ounce  (citric  acid, 
CjHgOj).  Mr  Stoddart  mentioned  that  when  lemons  are  kept  the  citric  acid  decomposes,  &nd 
glucose  and  carbon  dioxide  arise.     But  vet  citric  acid  is  made  from  damaged  fruit 

3  Stoddart,  op.  cit.,  p.  205. 

*  The  Merchant  Shipping  Act,  1867.  »  Pharm.  Jour.,  Oct.  1868,  p.  204. 
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Good  lemon  juice  will  keep  for  some  years,  at  least  three  years  (Armstrong) ; 
bad  juice  soon  becomes  turbid,  and  then  stringy  and  mucilaginous,  and  the 
citric  and  malic  acids  decompose,  glucose  and  carbon  dioxide  being  formed. 
Some  turbidity  and  precipitate  do  not,  however,  destroy  its  powers. 

As  found  in  the  market,  it  is  frequently  mixed  with  water,  and  sometimes 
with  other  acids.  In  20  samples  examined  in  1868  by  Mr  Stoddart,  7  were 
genuine,  5  were  watered,  and  8  were  artificial ;  tartaric  acid  being  present  in 
one,  and  sulphuric  acid  in  another  sample.^ 

In  the  examination,  the  points  which  seem  of  consequence,  in  addition 
to  the  determination  of  the  free  acidity,  are  the  fragrancy  of  the  extract  and 
the  alkalinity  of  the  ash,  proving  the  existence  of  some  alkaline  citrate.  The 
latter  could,  however,  be  imitated,  but  the  fragrancy  cannot  be  so. 

Examination  of  Lemon  Juice, 

1.  Pour  into  a  glass,  and  mark  physical  characters ;  turbidity,  precipitate, 
stringiness,  &c.  The  taste  should  be  pleasant,  acid,  but  not  bitter.  Add 
lime  water,  and  boil;  if  free  citric  acid  is  present,  a  large  precipitate  of 
calcium  citrate  is  formed,  which  redissolves  as  the  solution  cools.  Evaporate 
very  carefully  to  extract,  to  test  tlie  fragrancy,  &c. 

2.  Take  the  specific  gravity,  remembering  that  spirit  is  present ;  then,  if 
necessary,  evaporate  to  one-half  to  drive  off  alcohol,  dilute  to  former  amount, 
and  take  specific  gravity  at  60°  Fahr. 

3.  Determine  acidity  by  the  standard  alkaline  solution.  Express  the 
acidity  as  citric  acid  (C^HgO^);  1  c.c.  of  the  alkaline  solution  =  6*4  milli- 
grammes of  citric  acid.  As  the  acidity  is  considerable,  the  best  way  is 
to  take  10  c.c.  of  the  juice,  add  90  c.c.  of  water,  and  take  10  c.c.  of  the  dilute 
fluid,  which  will  give  the  acidity  of  1  c.c.  of  the  undiluted  juice.  If 
the  number  of  c.c.  used  for  the  diluted  juice  is  multiplied  by  2*8,  it  gives 
the  acidity  in  grains  per  ounce. 

4.  Test  for  adulteration,  viz.: — (a)  Tartai-ic  Acid, — Dilute  and  filter,  if 
the  lime  juice  be  turbid ;  add  a  little  solution  of  acetate  of  potash ;  stir 
well,  without  touching  the  sides  of  the  glass,  and  leave  for  twenty-four 
hours ;  if  tartaric  acid  be  present,  the  potassium  tartrate  will  fall. 

(b)  Sulphuric  Acid, — Add  barium  chloride  after  filtration,  if  necessary ; 
if  any  precipitate  falls,  add  a  little  water  and  a  few  drops  of  dilute  hydro- 
chloric acid  to  dissolve  the  bariimi  citrate,  which  sometimes  causes  a 
turbidity. 

(c)  Hydrochloric  Acid, — Test  with  silver  nitrate  and  a  few  drops  of  dilute 
nitric  acid. 

{d)  Nitric  Add. — This  is  an  uncommon  adulteration ;  the  iron  or  brucine 
test  can  be  used  as  in  the  case  of  water. 

Factitious  Lemon  Juice. — It  is  not  easy  to  distinguish  well-made  factitious 
lemon  juice ;  about  552  grains  of  crystallised  citric  acid  are  dissolved  in  a 
wine  pint  of  water,  which  is  flavoured  with  essence  of  lemon  dissolved 
in  spirits.  This  corresponds  to  about  19  or  20  grains  of  dry  citric  acid  per 
ounce.  The  flavour  is  not,  however,  like  that  of  the  real  juice,  and  the  taste 
is  sharper.     Evaporation  detects  the  falsification. 

1  The  lime  juice  used  in  the  Arctic  Ezpeditioii,  1875-76,  eave  on  analysis  27  grains  of  citric 
acid  per  ounce  as  issued,  that  is,  after  being  fortified  with  about  15  per  cent  of  proof  spirit 
Before  fortifying  it  contained  82  grains.  (See  analyses  by  Professor  Attfield  and  Mr^U, 
UtpoH  of  Committee  on  Scurvy ^  pages  zliii.  and  li.).  Samples  analysed  at  Netley  showed  a 
specific  gravity  of  1023  as  issued,  and  1035*7  after  driving  off  the  alcohol ;  the  extract  was 
aoout  8i  per  cent  The  unfortified  juice  froze  at  25*  F..  the  fortified  remained  liquid  down  to 
15*  F.  Prolonged  freezing  at  a  temperature  of  nearly  0*  F.  produced  no  change  in  the 
character  or  amount  of  the  constituents. 
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Use  of  Lemon  Juice: — In  military  transports,  the  daily  issue  of  one  ounce 
of  lemon  juice  per  head  is  commenced  when  the  troops  have  been  ten  days 
at  sea,  and  by  the  Merchant  Shipping  Act  (1867)  the  same  rule  is  oidered, 
except  when  the  ship  is  in  harbour,  and  fresh  vegetables  can  be  procured. 
It  is  mixed  with  sugar. 

If  preserved  vegetables  can  be  procured,  half  the  amount  of  juice  will 
perhaps  do. 

In  campaigns,  when  vegetables  are  deficient,  the  same  rules  should  be 
enforced.  On  many  foreign  stations,  where  dysentery  takes  a  scorbutic  type 
(as  formerly  in  Jamaica,  and  even  of  late  years  in  China),  lemon  juice  should 
be  regularly  issued,  if  vegetables  or  fruit  cannot  be  procured. 

Substitutes  for  Lemon  Juice. — Citric  acid  is  the  best,  or  citrate  of  potas- 
sium; then  perhaps  vinegar,  though  this  is  inferior;  and  lowest  of  all 
is  nitrate  of  potassium.  The  tartrates,  lactates,  and  acetates  of  the  alkalies 
may  all  bo  used,  but  there  are  no  good  experiments  on  their  relative 
anti-scorbutic  powers  on  record.  If  milk  is  procurable,  it  may  be  allowed  to 
become  acid,  and  the  acid  then  neutralised  with  an  alkali.  The  fresh  juices 
of  many  plants,  especially  species  of  cacti,  can  be  used,  the  plant  being 
crushed  and  steeped  in  water ;  and  in  case  neither  vegetables,  lemon  juice, 
nor  any  of  the  substitutes  can  be  procured,  we  ought  not  to  omit  the  tnal  of 
such  plants  of  this  kind  as  may  be  obtainable. 


CHAPTER    XL 
EXERCISE. 


A  PERFECT  state  of  health  implies  that  every  organ  has  its  due  share  of 
exercise.  If  this  is  deficient,  nutrition  suffers,  the  organ  lessens  in  size,  and 
evidently,  more  or  less  degenerates.  K  it  be  excessive,  nutrition,  at  first 
apparently  vigorous,  becomes  at  last  abnormal,  and,  in  many  cases  a  degenera- 
tion occurs  which  is  as  complete  as  that  which  follows  the  disuse  of  an  organ. 
Every  organ  has  its  special  stimulus  which  excites  its  action,  and  if  this 
stimulus  is  perfectly  normal  as  to  quality  and  quantity,  perfect  health  is 
necessarily  the  result. 

But  the  term  exercise  is  usually  employed  in  a  narrower  sense,  and  ex- 
presses merely  the  action  of  the  voluntary  muscles.  This  action,  though 
not  absolutely  essential  to  the  exercise  of  other  organs,  is  yet  highly  impor- 
tant, and,  indeed,  in  the  long  run,  is  really  necessary ;  the  heart  especially 
is  evidently  affected  by  the  action  of  the  voluntary  muscles,  and  this  may 
be  said  of  all  organs,  with  the  exception,  perhaps,  of  the  brain.  Not  only 
the  circulation  of  the  blood,  but  its  formation  and  its  destruction,  are  pro- 
foundly influenced  by  the  movement  of  the  voluntary  muscles.  Without 
this  muscular  movement  health  must  inevitably  be  lost,  and  it  becomes 
therefore  important  to  determine  the  effects  of  exercise,  and  the  amount 
which  should  be  taken. 

SECTION  I. 

THE  EFFECTS  OF  EXERCISE. 

(a)  On  the  Lungs — Elimination  of  Carbon. — ^The  most  important  effect 
of  muscular  exercise  is  produced  on  the  lungs.  The  pulmonary  circulation 
is  greatly  hurried,  and  the  quantity  of  air  inspired,  and  of  carbon  dioxide 
expired,  is  marvellously  increased.  Dr  Edward  Smith  investigated  the  first 
point  carefully,  and  the  following  table  shows  his  main  results.  Taking  the 
lying  position  as  unity,  the  quantity  of  air  inspired  was  found  to  be  as 
follows : — 


Lying  position,   . 

Sitting 

Standing,  .... 
Sineing,  .... 
Walking  1  mile  per  hour,    . 

n  2  „ 

„         and  carrying  34  lb, 


1-00 
1-18 
1-33 
1-26 
1-90 
2-76 
8 -28 
8-50 


Walking  and  carrying  63  lb, 

3-84 

„        118  lb, 

4-75 

„         4  miles  per  hour, 

5-00 

M         ^             »• 

7-00 

Riding  and  trotting, 

4-05 

Swimming,     . 

4-33 

TreadmUl,      . 

5-50 

The  great  increase  of  air  inspired  is  more  clearly  seen  when  it  is  put  in 
this  way :  under  ordinary  circumstances,  a  man  draws  in  480  cubic  inches 
per  minute ;  if  he  walks  four  miles  an  hour  he  draws  in  (480  x  5  - )  2400 
cubic  inches ;  if  six  miles  an  hour  (480  x  7  = )  3260  cubic  inches.     Simul- 

2iL 
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taneously,  the  amount  of  carbon  dioxide  in  the  expired  air  is  increased 
(Scharling  and  many  others). 

The  most  reliable  observations  in  this  direction  are  those  made  by  E.  Smith, 
Him,^  Speck,^  and  Pettenkofer  and  Voit.^  As  there  is  no  doubt  that  the 
peculiar  means  of  investigation  render  the  experiments  of  the  last-named 
authors  as  accurate  as  possible  in  the  present  state  of  science,  they  are  given 
briefly  in  the  following  table :  * — 


Absorption  and  ElimincUion  in  Best  and  Exercise. 


Weight  of  man  experimented  npon, 
60  kilos = 182  tbavda. 

Absorption 

of  Oxygen  in 

Grammes. 

Elimination  in  Grammes  of — 

Carbon 
Dioxide. 

Water. 

Uiea. 

Rest-day 

Work-day, 

708-9 
964-6 

911-5 
1284-2 

828  0 
2042-1 

87-2 
87  0 

Excess  on  work-day  (with  exception 
of  urea), 

246-6 

872-7 

1214-1 

-0-2 

In  other  words,  during  the  work-day  3721  grains,  or  8*66  ounces  of 
oxygen,  were  absorbed  in  excess  of  the  rest-day,  and  5751  grains,  or  13*15 
ounces  of  carbon  dioxide  in  excess,  were  evolved.  Expressing  this  as  carbon, 
an  excess  of  1568  grains,  or  3*58  ounces,  were  eliminated  on  the  work-day. 
There  was  an  excess  of  oxidation  of  carbon  equal  to  41  per  cent.,  and  it 
must  be  remembered  that  the  so-called  "work-day"  included  a  period  of 
rest;  the  work  was  done  only  during  the  working  hours,  and  was  not 
excessive. 

It  will  be  observed  from  these  experiments  that  a  large  amount  of  water 
was  eliminated  during  exercise,  while  the  urea  was  not  really  changed. 

It  seems  certain  that  the  great  formation  of  carbon  dioxide  takes  place  in 
the  muscles ;  ^  it  is  rapidly  carried  off  from  them,  and  if  it  was  not  so,  it  would 
seem  highly  probable  that  their  strong  action  becomes  impossible.  At  any 
rate,  if  the  pulmonary  circulation  and  the  elimination  of  carbon  dioxide  are 
in  any  way  impeded,  the  power  of  continuing  the  exertion  rapidly  lessens. 
The  watery  vapour  exhaled  from  the  lungs  is  also  largely  increased  during 
exertion. 

Muscular  exercise  is  then  clearly  necessary  for  a  sufficient  elimination  of 
carbon  from  the  body,  and  it  is  plain  that,  in  a  state  of  prolonged  rest,  either 
the  carboniferous  food  must  be  lessened  or  carbon  will  accumulate. 

Excessive  and  badly  arranged  exertion  may  lead  to  congestion  of  the 
lungs,  and  even  haemoptysis.     Deficient  exercise,  on  the  other  hand,  is  one 

1  Ludwig's  Phys,,  2nd  "edit.,  Band  1.  p.  743. 

2  Archiv  des  Vereins/ilr  wiss.  Ueilk.,  Band  vi.  pp.  285  and  289. 

5»  Zeitsch.  fUr  Biologie.B&nds  ii.  and  iii..  and  Ranke's  Pht/s.  des.  Mensc?ien,  p.  551. 

*  Quoted  in  Foster's  Physiology ^  5th  edition,  p.  806.  The  numbers  given  by  Him  and 
Speck  are  very  accordant ;  they  wUl  be  found  quoted  in  the  2nd  edition  of  this  work,  if  it  w 
wished  to  refer  to  them. 

5  See  the  observations  of  Valentin  and  others,  and  especially  the  experiments  of  Sczelkow 
(Henle's  Zeitschrifty  1868,  Band  xvii.  p.  106.)  The  amount  of  COj  jvassing  off  from  contracting 
muscles  was  indeed  so  great,  and  so  much  in  excess  of  the  0  passing  to  them,  that  it  was 
conjectured  that  carbonic  acid  must  have  been  formed  during  contraction  from  snbstanccSi 
rich  in  oxygen  (such  as  formic  acid),  or  that  oxygen  must  have  been  obtained  otherwise  than 
firom  inspiration. 
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of  the  conditions  whick  favour  those  nutritional  alterations  in  the  lirng  which 
we  clafls  as  tuhercnlous. 

Certain  rules  flow  from  these  facts.  During  exercise  the  action  of  the 
lunga  must  he  perfectly  free ;  not  the  least  impefliment  must  be  offered  U) 
the  freest  play  of  the  chest  and  the  action  of  the  respiratory  muscles.  The 
dress  and  accoutrements  of  the  soldier  should  be  planned  in  reference  to  this 
fact,  as  there  is  no  man  who  is  called  on  to  make,  at  certain  times,  greater 
exertion.  And  yet,  till  a  very  recent  date,  the  modem  armies  of  KuRipe 
were  dressed  and  accoutred  in  a  fashion  which  took  from  the  solilier,  in  a 
great  degree,  that  ixjwer  of  exertion  for  which,  and  for  which  alone,  he  is 
selected  and  train  eil. 

The  action  *jf  the  lungs  should  be  watched  when  men  are  being  trained  for 
exertion ;  as  soon  as  the  respirations  become  laborious,  and  especially  if  there 
be  sighing,  the  lungs  are  becoming  too  conge-sted,  and  rest  is  necessary* 

A  second  point  is  that  tlie  great  increase  of  carbon  excreted  demands  on 
increase  of  carbon  to  he  given  in  the  food.  There  seems  a  general  accordance 
among  physiologists  that  this  is  best  given  (as  far  as  digestion  permits)  in 
the  form  of  fat,  and  not  of  starch,  and  this  is  confirmed  by  the  instinctive 
ap^pctite  of  a  man  tiikirig  exertion,  and  not  restrained  in  the  choice  of  food. 

A  thirti  rule  is  that,  as  spirits  lessen  the  excretion  of  pulmonary  carbi»n 
dioxitJe,  they  are  hurtful  during  exercise  ;  and  it  is  perhaps  for  this  reason, 
as  w^ell  as  from  their  deadening  action  on  the  nerves  of  volition,  that  those 
who  take  spirits  are  incapable  of  great  exertion.  This  is  now  well  imder- 
stootl  by  trainers,  who  allow  no  spirits,  and  but  little  wine  or  l^eer.  It  is  a 
curious  fact,  stated  by  Artmann,  that  if  men  undergoing  exertion  take  spirits, 
they  take  less  fat.  Oxidation  of  fat  is  interfered  with,  and  therefor©  leas 
fat  is  required.     Water  alone  is  the  l:>e8t  liquid  to  train  on. 

A  fourth  rule  is  that,  as  the  excretion  of  carbon  dioxide  (and  perhaps  of 
ptdmonary  organic  matter)  is  so  much  increased,  a  much  larger  amount  of 
pure  air  is  necessary ;  and  in  every  covered  buiUling  (as  gj^mnasia,  riding- 
schools,  &c.),  where  exercise  is  taken,  the  ventilation  must  be  carried  to  the 
greatest  possible  extent,  so  soon  does  the  air  become  vitiated. 

(b)  On  (he  Heart  and  Vessels . — The  action  of  the  heart  rapidly  increases 
in  force  and  frequency,  and  the  flow  of  blood  thiough  all  parts  of  the  body, 
including  the  heart  itself,  is  augraentetl.  The  amount  of  increase  is  usually 
from  ten  to  thirty  beats,  but  occasionally  much  more.  Aft^er  exercise,  the 
hearths  action  falls  below  its  normal  amount ;  and  if  the  exercise  has  been 
exceedingly  prolonged  and  severe,  may  fall  as  low  as  fifty  or  forty  per  minute, 
and  become  intermittent.  During  exertion,  when  the  heurt  is  not  oppressed, 
its  beats^  though  rapid  and  forcible,  are  regular  and  equable ;  but  when  it 
becomes  embarrassed,  the  pulse  becomes  veiy  quick,  small,  and  then  unequal, 
and  even  at  last  irregular.  \Vlien  men  have  gone  through  a  gtxxl  deal  of 
exertion,  tmd  then  are  cidled  upon  to  make  a  sudden  effort,  the  pulse  may 
become  very  small  and  quick  (160-170),  but  still  retain  its  equa!iilit3\  There 
seems  no  harm  in  this,  but  such  exertion  cannot  be  long  continued. 

Tlie  ascension  of  heights  greatly  tries  a  fatigued  heart.  The  accommo- 
dation of  the  heart  to  great  exertion  is  prtjhably  connected  with  the  eiisy 
flow  of  bliXKl  tln*t>ugh  its  own  structure.  Certain  forms  of  clironic  disease 
of  the  heait  have  been  treated  by  the  '*  moimtain  cure,"  introduced  by  Dr 
'  rtel ;  but  very  great  caution  is  required  in  candying  out  this  treatment^ 
high  elevations  are  contra-indicated  in  these  afl'ections.* 

KxcessivQ  exercise  leads  to  affection  of  the  heart, — ruptiiTe  (in  some  few 


i  ltob«rls*  Medicine  7th  (fdition,  p.  669. 
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cases),  palpitation,  hypertrophy  m  a  ^m^l  many  cases,  and  more  rarely 
valvular  disease.  These  may  Ij^  avoided  l>y  carefnl  training,  and  ft  due? 
proportion  of  rest.  Injuries  to  vessels  may  al&o  result  from  too  sudden  or 
prolonged  exertion.  The  sphygniographic  observations  of  Dr  Eraser  ^  on  the 
pulses  of  men  after  rowing  show  how  much  the  pressure  is  increased. 

Beficient  exercise  leads  to  \v  eakening  of  the  heart's  action,  and  prol*abIy 
to  dilatiition  and  fatty  degeneration. 

In  commencing  tm  un  ace  us  teamed  exercise,  the  heart  must  be  cloedj 
waU'hcd  ;  excessive  rapidity  (120-140),  inequality,  and  then  irregularity^ 
will  point  out  that  rest,  and  then  more  gradual  exercise,  are  neccssar}',  ill 
order  that  the  heart  may  be  accustomed  to  the  work. 

(c)  On  the  Skm. — The  skin  becomes  red  from  turgescencc  of  the  vessels, 
and  perspiriition  is  increased ;  water,  chloride  of  sodium,  and  acids  (probably 
in  part  fatty)  piiss  of}'  in  great  abundance.  Some  nitrogen  passes  off  in  a 
soluble  form  as  urea^  but  the  amount  is  extremely  small ;  -  it  is  increased  on 
exertion  with  the  increased  perspiration.  No  gaseous  nitrogen  is  given  olf 
in  liealthy  men  from  the  skin. 

The  amount  of  fluid  passing  ofl'  is  not  certain,  but  ia  very  great.  Sperk  .^ 
experiments  show  that  it  is  at  least  doubled  under  ordinaiy  coiitlitiuuh, 
Pettonkofer  and  Yoit's  experiments  shoiv  even  a  larger  increase.  The  ii  il 
ratio  of  the  urine  to  the  lung  and  skin  excreta  is  reversed.  Instead  of  bt  n- 
I  to  0*5  or  O'S,  it  becomes  1  to  1  *7  or  2,  or  even  2'5.  This  evaporation  re- 
duces and  regulates  tlie  heat  of  the  body,  which  would  otherwise  soon  become 
excessive ;  so  that,  as  long  ago  pointed  out  by  Dr  John  Davy,  the  body  tem- 
perature rises  little  above  the  ordinary  temperature.  No  amount  of  external 
cold  seems  to  he  able  to  check  the  {passage  of  fluid,  though  it  may  partly 
cheek  the  rapidity  of  evaporation.  II  anything  check  evaporation,  the  Ixniy- 
heat  increases,  and  soon  languor  comes  on  and  exertion  becomes  difficult*. 

During  exertion  there  is  little  danger  of  eliill  mider  almost  any  circimi- 
stances ;  hut  when  exertion  is  over,  there  is  tlien  great  danger,  because  the 
heat  of  the  body  rapidly  dechne^^  and  falls  below  the  natural  amount,  and 
yet  evaporation  from  the  skin,  which  still  more  reduces  the  heat^  continues. 

The  rules  to  be  drawn  from  the^e  facts  are- — that  the  skin  should  be  kept 
extremely  clean  ;  during  the  period  of  exertion  it  may  be  tliiidy  clothetl,  but 
immediately  afterwaids,  or  in  the  intervals  of  exertion,  it  should  he  covereil 
sufhciently  well  to  prevent  the  least  feehng  of  coolness  of  the  surface. 
Flannel  is  best  for  this  purpose, 

(d)  On  the  Voljinfari/  MvMles, — The  muscles  grow,  become  harder,  and 
resiKHid  more  readily  to  volition.  Their  growth,  however,  has  a  limit;  and 
a  single  muscle,  or  group  of  muscles,  if  exercised  to  too  great  an  extent,  wilh 
after  growing  to  a  great  size,  commence  to  waste.  But  tins  seems  not  to  \ye 
the  case  when  all  the  muscles  of  the  body  are  exercised,  probably  l>ecavise  no 
single  muscle  or  group  of  muscles  can  then  be  over-exercised.  It  seems  lo 
be  a  fact,  however,  that  prolonged  exertion,  T^ithout  sufficient  rest,  damages 
to  a  certain  extent  the  nutrition  of  t!ie  muscles,  and  they  become  soft 

The  rules  to  be  drawn  from  these  facts  are,  that  aE  muscles,  and  not  sing[« 
groups,  should  be  brought  into  play,  and  that  periods  of  exercise  mujst  be 
alternated,  especially  in  early  training,  with  long  intervals  of  rest 

(r)  On  the  Nervous  System, — The  etfect  of  exercise  on  the  mind  is  not  clear. 
It  has  been  supposed  that  the  mtellect  is  less  active  in  men  who  take  excesaive 
exercise,  owing  to  the  greater  expenditure  of  nervous  energy  in  that  directioiL 
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1  Jaumil  i}/Phufiof^y^ 

>  Sec  *'  Oil  the  Excretion  of  Nitrogen  by  the  Skin,"  by  J.  Byrne  Power,  L.ft.GPJ^ 


e^itigt  qfthe  Ma^fid  JSociOjf,  1882,  voL  xxxiii.  p.  354. 
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But  there  is  no  doubt  that  great  bodily  is  qiiit-e  consistent  with  extreme 
mental  activity;  and,  indeed,  considering  that  perfect  nutrition  is  not  ]xjgsible 
except  with  bodily  activity,  we  should  infer  that  sufficient  exercise  would  be 
necessary  for  the  perfect  performance  of  mental  work.  Doubtless,  exercise 
may  be  pushed  to  such  an  extreme  as  to  leave  no  time  for  mental  cultivation ; 
and  this  is  prhaps  the  explanation  of  the  proverbial  stupitUty  of  the  athletffi. 
Deficient  exercise  causes  a  heightened  sensitiveness  of  the  nervous  system, 
a  sort  of  morbid  excitability,  and  a  greater  susceptibility  to  the  action  of 
extemjil  agencies. 

(/)  On  (he  Digestive  System.- — The  appetite  largely  increases  with  exercise, 
especially  for  meat  and  fat,  but  in  a  less  degree,  it  would  appear,  for  the 
carbo-hyilrates.  Digestion  is  more  perfect^  tind  absorption  is  more  rai)id* 
The  circulation  tlirough  the  liver  increases,  and  the  aMominal  circulation  ia 
carried  on  with  more  vigour,  F<xm1  mu^t  be  increased,  e.^]>ecially  nitrogenous 
substances,  fata,  and  salts,  and  of  these  especially  the  fihosplmtes  and  the 
chlorides,^  The  effects  of  exercise  on  digestion  are  greatly  increased  if  it  be 
taken  in  the  free  air,  and  it  is  then  a  most  valuable  remedy  for  some  forma 
of  dyspepsia,^  Conversely,  deficient  exercise  lessens  both  appetite  and 
digestive  power. 

Oj)  (M  the  Genei-ative  Organs. — It  has  been  supposed  that  puberty  is 
delayed  by  physical  exertion,  but  perhaps  the  other  circumsttmces  have  not 
been  ally  wed  full  weight.  Yet,  it  would  appear  that  verj^  strong  ejtercise 
lessens  sexuid  desire,  jjossibly  because  nervous  energy  is  turned  in  a  special 
direction. 

(h)  On  the  Kfdney$, — The  water  of  the  urine  and  the  diloride  of  sodium 
often  lessens  in  consequence  of  the  increased  passage  from  the  skin.  The 
urea  is  not  much  changed.  The  uric  acid  increases  after  great  exertion ; 
so  also  apparently  the  pigment ;  the  phosphoric  acid  is  not  augmented  ^ 
unless  the  exertion  is  excessive  (>»orth) ;  the  sidphuric  acid  is  moderately 
increased  (but  invariably  so  according  to  North) ;  the  free  carbonic  acid  of 
the  urine  is  increased;  the  chlorides  are  lessened  on  account  of  the  outflow 
by  the  akin  ;  the  exact  amount  of  the  hoses  has  not  been  determined,  but  a 
greater  excess  of  soda  and  potash  is  eliminated  than  of  lime  or  magnesia ; 
notliing  certain  is  known  as  to  hJppuric  acitl,  sugar,  or  other  substances.* 

(i)  On  the  Bowels. — The  effect  of  exercise  is  to  lessen  the  amount^  partly 
probably  from  lessened  jwissage  of  water  into  tlic  intcstuies.  The  nitrogen 
does  not  ajijiear  to  be  much  altered.^ 

(k)  On  the  Elimination  of  Altrogen. — A  great  numl>er  of  experiments 
have  been  made  on  the  amoujit  of  nitrogen  passing  off  by  the  kidneys 
during  exercise.**    The  amount  of  urea  has  been  usuaUy  determined,  and 

>  It  Is  ^t  uncertain  wbat  kind  of  diet  ehould  he  nllo^vtl  dnritii^  lon^  tonrchea  Itl  the  tf0pi08» 
Sir  John  Kirk  states  tliat  in  South  Al'ricA  (10^  aod  17"  S.  lal.),  durm^  Uvingstono's  second 
exjHfdition^  n  \Bigb  qnAiititv  (2  tb)  of  tuiimAl  food  wua  found  tu  Ikj  t!!M.setiti&l;  this  wah  preferrt^df 
though  i*iky  'luantity  of  millets  and  Ie;^mi»0«iB  could  have  been  procured.  Fat  was  tnkeii  in 
kr  '  It  wsd  found  also  that  boiled  waa  better  tlmt  roast  nie^t,  because  the  men 

iron  I  nf  it.     Ko  bad  effect  nvhatover  was  tnoeAble  to  the  use  of  thiH  ^reivt  amuuul  of 

mtfui,  t:*  *  ji  .1.  the  intensu  heat 

*  JtitUKU  Blake,  Paci/ic  Medical  and  Surffiealjoumalf  I860, 
»  Dt  Parkcs'  exm'ritru*nta, 

*  In  the  carcfiil  obHtnation^  moAte  by  Dr  Pavy  on  Weston  th<^  pedestrian  {LtmcHt  DeOi 
1H7S),  it  WOK  foiiud  thtit  all  the  coustitutnUs  w*ir*j  incrwixixl,  excq>t  the  chloritte  ftad  thtt 
Boda,  which  wcrv  prt  .Uv  Mu.I:  i.iwd,  e.spi?tjiiilly  the  chlorine;  the  nuunesiA  wu  also 
dittiinishfil,  but  in  n  In  the*c  cipcriroenta,  however,  the  oiet  wae  not  nnl- 
form,  ttod  thuviirri 

*  Procefdinf/'^  "f'  ■"■■  i<  .  '' \  "~  "     •.  52. 

'•  For  ft  8tftlt  ]  i  I  r  1 1 '     :  1 1  '?  Dr  PaTke«'  work  On  Uu^  Ccrmpcmtion 

^tke  Crin^f  IhCO,  y;  bb. --.     .\iMiriniente  have  been  by  Voit,  Pctten- 

kofer,  J.  Bankc,  K.  Smith,  Haughton,  Fick  and  Wiidicenua,  Byasson,  Noyes,  Heisaner,  Pavy, 
Barkeei  North,  and  others. 
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the  nitrogen  has  hem.  calculated  from  tbis ;  Meissner  has  determined  the 
amoimt  of  the  creatin,  and  the  cTeatinin  :*  while  Fick  and  Wislieeiius 
have  compared  the  tobil  nitrogen  {hy  suda  lime  in  the  manner  of  Voit) 
as  well  as  the  ureal  nitrogen,  and  Dr  Parkes  repeated  their  experiments.^ 
The  experiments  have  been  usually  carried  on  hy  detemiiaing  the  nitro 
genoua  excretion  m  tweuty-foiir  hours  with  and  without  exercise ;  but  in 
some  the  period  durLng  which  work  was  actually  performed  wtis  comjjured 
with  previotis  and  subsequent  equal  rest  periods.  Some  experiments  were* 
jierformed  on  men  who  took  no  nitrogen  aa  foml ;  others  were  on  men  on  a 
constant  diet^  so  that  the  variation  produced  by  the  altering  ingress  of 
nitrogen  was  avoided  as  far  as  jxissible. 

In  tliis  place  it  is  impossible  to  give  an  account  of  these  long  researches, 
and  therefore  only  a  short  summajy  can  he  given.  ( 1 )  WHien  a  period  uf 
exercise  is  comjmred  after  an  interval  with  one  of  rest  (the  diet  being  with- 
out nitmgen  or  with  uniform  nitrogen),  tlie  elimination  of  niti-ogen  by  the 
kidneys  is  decidedly  not  increased  in  the  exercise  penod.  The  experiments 
on  this  point  are  now  so  numerous  that  it  may  be  stated  without  doubt. 
It  is  possible  that  the  elimination  may  even  he  less  during  the  exercise 
than  during  the  rest  iieri^Kl.  This  would  appear  in  part  from  some  of 
Ranke's  !md  Fick  iiml  Wislicenus'  experiments ;  from  Xoyes\  as  far  as 
regards  the  urea  ;  and  from  IMcissner's,  as  far  as  the  creatin  {or  creatinin)  is 
concerned ;  while  Dr  Parkes  foimd  a  decrease,  which  was  not  inconsider- 
able, both  in  the  total  nitrogen  and  in  the  urea.  Additional  observations 
Jire,  however,  much  wanted  on  this  point 

(2)  When  a  day  of  rest  is  compared  with  a  day  of  work  (t*e»,  a  day  with 
some  hours  of  work  and  some  hours  of  rest),  the  amount  of  nitrogen  is 
almost  or  quite  the  siime  on  the  two  days ;  if  anything  there  is  a  slight 
increase  in  tlie  nitrogen  on  the  rest-day.  In  a  day  of  part  exercise  and 
part  rest,  it  is  quite  poasihle  that  there  may  be  comix?nsatory  action,  one 
jmrt  balancing  the  other,  so  as  to  leave  the  total  excretion  Httle  changed, 

(3)  When  a  period  of  great  exercise  is  immediately  followed  by  an  equal 
j>eriod  of  rest,  the  nitrogenous  elimination  is  increased  m  the  latter* 
^leissner^s  observations  show  tliat  this  is  in  part  owing  to  increased  dis- 
charge of  creatin  and  creatinin  ;  Parkes'  observations  also  show  an  increiiae 
of  nruT-ureal  nitrogen.     But  the  urea  is  also  slightly  increased  in  tliis  ]>eriod- 

(4)  When  two  days  of  complete  rest  are  immediately  followed  by  days  of 
common  exercise,  the  nitrogenous  elimination  diminishes  during  the  first 
day  of  exercise  (Parkes), 

Mr  W.  North  carried  out  a  number  of  very  careful  experiments  for 
several  years,  the  details  of  which  arc  given  in  Proceedings  of  the  Royal 
SQridy.^  In  the  main  he  confirms  the  observations  of  Parkes,  but  finds  the 
effects  of  heavy  labour  to  lie  more  iumiechat^s  and  severe  than  was  shown 
by  those  observations.  North  fomid  that  de]trivation  or  output  of  nitrogen 
was  followed  by  retention  and  absorption.  There  is  also  a  tendency  to  the 
storage  of  nitrogen  in  the  system  under  ordinary  conditions,  which  shows  a 
tendency  to  economy  in  the  body.  From  this  we  might  deduce  the  value 
of  a  good  diet  as  providing  a  reserve  against  a  period  of  deprivation  or  exoea- 
sive  work,  A  similar  tendency  to  the  storage  of  nitrogen  was  elio wn  in  tlio 
case  of  Weston,  whose  ingesta  or  egesta  were  examined  by  Wynter  Blyth.* 

On  the  whole,  if  the  facts  have  been  stated  correctly,  the  effect  of  exer« 


1  Henlo*B  ZeitJKhrift  at,  Med,,  Band  xxxii.  p.  283. 

s  Frocmiings  qfiU  Houal  Society,  No.  89  (1867),  And  Na  94  (1867). 
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EFFECTS   OF  EXERCISE — TEMPERATURE — MUSCLE  CHANGES. 

cise  is  certainly  to  increase  the  elimination  of  nitrogen  by  the  kiduoys,  but 
within  narrow  limits,  and  the  time  of  increJise  is  in  the  period  of  rest  eiic- 
ciM^diug  the  exercise  ;  whereiis  diu-ing  the  exercise  period  the  evidence,  though 
nut  L'ertiiiii,  points  rather  t<j  a  lessening  of  the  eliminntion  of  nitrogen. 

It  would  appear  from  these  facts  that  well-fed  persons  taking  exercise 
would  require  a  little  more  nitrogen  in  the  food,  and  it  is  certtiin,  as  a 
matter  of  experience,  that  persons  undergoing  laborious  work  do  take  more 
iiilrogenotis  food.  This  is  the  case  also  with  animals.  The  possible  reason 
of  til  is  will  appear  presently. 

(/)  Ott  the  Temperature  of  (he  Body, — As  already  stated,  the  temperature 
of  the  bcKiy,  as  long  as  the  skin  acts,  rises  little.  Dr  Clitlbrd-Allbutt,*  from 
observations  made  on  himself  when  climbing  the  Alps,^  found  his  tempera- 
ture fairly  uniform ;  the  most  usual  eflect  was  a  slight  rise,  compensated 
by  an  earlier  setting  in  of  the  evening  fall.  On  two  occasions  he  noticed 
two  curious  depressions,  amounting  to  no  less  than  i'^'S  Fahr.;  he  believes 
these  were  due  to  want  of  food,  and  not  to  exercise  per  «<?.  In  experiments 
on  soldi  era  when  mai"ching,  Dr  Parker  found  no  dili'erenco  in  temf>erature  ; 
or  if  there  was  a  very  slight  rise,  it  was  subsequently  compensated  for  by 
an  equal  fall,  so  that  the  mean  daily  temperature  remained  the  same.'  A 
decided  rise  in  temperature  during  marching  would  therefore  show  lessening 
«>f  skin  cvajKimtion,  and  may  jx-Tssibly  be  an  iiuportiint  indication  of  iin pend- 
ing heatstroke. 

Changes  in  the  Muscles.— The  discussion  on  this  head  involves  so  many 
obscure  {physiological  points,  that  it  would  be  out  of  place  to  pursue  it  here 
to  any  length.  The  chief  changes  during  action  appear  to  be  these  : — Tliere 
is  a  considerable  increase  in  temperature  (Helmlj(4t»),  which,  up  to  a  certjiin 
point,  is  proportioned  to  the  amount  of  work.  It  is  also  proportioned  to  the 
kind,  being  less  when  the  muscle  is  allowed  to  shorten  than  if  prevented 
from  shortening  {Heidenhain) ;  the  neutral  or  alkaline  reaction  of  the  tran- 
quil muscle  becomes  acid  fri^m  paradactic  acid  and  acid  potassium  phosphate ; 
the  V  en  nils  blood  f^assing  from  the  muscle.s  becomes  much  darker  in  colour, 
is  much  less  rich  in  oxygen,  and  contains  much  more  carbonic  acid  (Sczel- 
kow) ;  the  extractive  matters  at^luble  in  water  lessen,  those  st)luble  in  alcohol 
increase  (Helmholt^  in  frogs);  the  amount  of  water  increases  (in  tetanus,  J. 
Ranke),  and  the  blood  is  consequently  poorer  in  water  ;  the  amount  of 
albumin  in  tetaims  is  less  according  to  Ranke,  hut  Kdhne  has  pointed  out 
that  tlie  numbers  do  not  justify  this  inference.*  Baron  J.  von  Liebig  stated 
that  the  creatin  is  increased  (but  this  waa  an  inference  from  old  observatiomi 
on  the  extractum  camu  of  hunted  animak,  and  required  confirmation). 
Sarokin  has  stated  the  same  fact  in  respect  of  the  frog.  The  electro*motor 
currents  show  a  decided  diminution  during  contraction. 

Thai  great  molecular  changes  go  on  in  the  contracting  muscles  is  certain, 
but  their  exact  nature  is  ndt  clear  ;  according  to  Ludimar  Hermann,*  there 
is  a  jelly-like  sejiaration  and  coogidation  of  the  myosin,  and  then  a  remtmp- 

1  Alpine  Jounialy  May  1871. 

'  Id  tliii  (.x}H;riiuentH  nmdfi  hy  Dr  OLlberlA.^  and  his  two  ^ide«,  doritig  their  luieotiU  of 
Mniit>^  Bom  and  llie  Mutterbonii  m  Anpwt  1874»  no  depreasions  wtr-^  fA.*,..*  tin  hav«  been 
iXH'ordcd  bv  other  obftcrvora.     In  none  of  the  three  persons  did  tbe  tti  er  fall  below 

86  ■!  C  (-"97'  5  F  )  or  ri*e  nbove  87''8  C.  (  =  100' F.>,     Dr  Thomas,  ai  KAOonti  Ui 

Si  I  I  S750  metros),  could  also  find  uo  lowering  ur  II I upcmture. 

St^ciety,  No*  127  luid  No.  136. 

^  A- ,  .  ^^t^^  p.  823. 

*  UnUrif.  /*  MiisMnt  von  Dr  JL  Hemuum  ;  WtiUre  UnUrtuch,  mt 

pkjfi.derMu  umu,  1867. 
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tion  of  its  prior  form,  so  tliat  tbere  is  a  continual  splitting  of  the  muscular 
structure  into  a  myosin  coagulum,  carbon  dioxide,  and  a  free  acid,  and  this 
constitutes  the  main  molecuJiir  movement  But  no  direct  evidence  has  been 
given  of  this. 

The  inercast'd  heat,  the  great  amount  of  carbon  dioxide,  and  tlie  dis- 
appearance of  oxygon,  combined  with  the  respiratory  phenomena  already 
noted,  all  seem  to  show  that  an  active  oxidation  goes  on,  and  it  is  very  pro- 
bable that  this  19  the  source  of  the  muscular  action.  The  oxiilation  may  bo 
conceived  to  take  place  in  two  ways  :  either  during  rest  oxygen  is  absorbed 
and  stored  up  in  the  muscles  and  gradually  acts  there,  producing  a  sub- 
stance which,  when  the  muscle  contracts,  splits  up  into  lactic  acid,  carbon 
dioxide,  &c. ;  or,  on  the  other  hand,  during  the  contraction  an  increased 
absorption  of  oxygen  goes  on  in  tho  blood  and  acts  upon  the  muscles,  or  on 
the  substances  in  the  hlocd  circulating  through  thc^  muscles.^  The  first  view 
is  strcngtliened  by  some  of  Pettenkofer  and  Voit^s  experiments,  which  show 
that  during  rest  a  certain  amouiit  of  storage  of  oxygen  goes  on,  which  no 
doubt  in  part  occurs  in  the  muscles  themselves.  Indeed,  it  has  been 
inferred  that  it  is  this  storcd-up  oxygen,  and  not  that  breathed  in  at  the 
time,  which  is  used  in  muscular  action.  The  increased  oxidation  gives  us  a 
reason  why  the  nitrogenous  food  must  be  incrcjised  during  periods  of  great 
exertion.  An  increase  in  the  supply  of  oxygen  is  a  necessity  for  increased 
muscular  action  ;  l>ut  Pcttcnkofer  and  Yoit^a  observations  hiive  shown  that 
the  ahsorfjtion  of  oxygen  is  dependent  on  the  ainomit  and  action  of  the 
nitrogenous  structiires  of  the  body,  so  that,  as  a  matter  of  coui-ae,  if  more 
oxygen  is  required  for  increased  muscular  work,  more  niti'ogenous  food  is 
neceasory*  But  apart  from  this,  although  expenments  on  the  amount  of 
nitrogenous  elimination  show  no  very  great  change  on  the  whole,  there  is 
no  doubt  tha^  with  constant  regidar  exercise,  a  muscle  enlarges,  become* 
thicker,  heavier,  contains  more  solid  matter,  and  in  fact  has  gained  in 
nitrogen.  This  process  may  be  slow,  but  it  is  certain  ;  and  the  nitrogen 
must  either  be  supplied  by  increased  food,  or  be  taken  from  other  parts,* 

Although  we  do  not  know  the  exact  changes  going  on  in  the  muscles,  it 
seems  certidu  that  regular  exercise  does  produce  in  them  an  addition  of 
nitrogenous  tissue. 

Whether  this  addition  occurs,  as  usually  believed^  in  the  period  of  rest 
succeeding  action,  when  in  some  unexplained  way  the  destruction,  which  It 
is  presimied  has  taken  place,  is  not  only  repaired,  but  is  exceeded  (a  process 
difficidt  to  imderstand),  or  w^hetlier  the  addition  of  nitrogen  is  actually 
made  during  tho  action  of  the  muscle,^  must  be  left  undecided  for  the 
present 

The  substances  which  are  thus  oxidised  in  the  muscle,  or  in  the  blood 
circulating  through  it,  and  from  which  the  energy  manifested,  as  heat  or 
muscidar  movement,  is  believed  to  be  derived,  may  probably  be  of  different 
kinds.  Under  ordinary  circumstimccs,  the  experiments  and  calculations  of 
Fick  and  Wislicenus,  and  others,  and  tho  arguments  of  Traube,  seem  suf- 
ficient  to  sliow  that  the  non-nitrogenous  suljstimces,  and  perhaps  especially 

*  Heaton  {Quarterly  Journal  of  Sdence,  1S68)  bus  givon  strong  reasoDJS  for  bvlieving  thiil 
the  oxidation  goes  on  in  tJie  blood. 

'  The  way  in  which  a  vigorouftly  acting  part  wiU  rob  the  IxKiy  of  nitrogen,  and  thus  m 
some  caaes  cause  death,  i,*  been  in  many  cases  of  dbea&e.  A  rapidly  growing  eanecr  of  \hn 
liTef]  for  ejraiiiple,  lakes  ho  much  nitrogen  as  wdl  as  fat  that  it  actnaliy  KtHtirx  e.s  the  rv«t  of  th« 
body,  and  both  voluntary  mtii>clc«  and  heart  v'astc^  This  U  tho  case,  tliougb  it  ijs  Ie>B«  toarkMl, 
with  growing  tumours  of  other  p&rt^,  and  with  great  diftcharges.  Powerful  nm.^cular  action, 
if  the  food  is  not  increajjed,  evidently  acts  in  ^mt?what  tho  same  way  j  the  health  is  greatly 
iflected,  and  the  heart  eirpoclally  fails, 
t     *  Pfvee>sding$  qfth^  Jto^l  iSocUty^  No,  94,  18(17. 
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the  fats,  furnish  the  chief  suVjstances  acted  upon.  But  it  is  probahlc  that 
the  nitrogenous  substiincea  also  furnish  a  eontiugcnt  of  energy.^  The 
exact  mode  in  which  the  energy  thus  liberated  by  oxidation  m  made  to 
aasume  the  fonu  c»f  mechanical  motion  is  quite  obscure. 

Th^  Exhaustion  of  Mttsdes, 
little  doubt  that  the  exhaustion  of  muscles  is  chiefly  owing 
to  llMl'  HMbb — first,  and  principally^  to  the  accumulfttion  in  them  of  the 
products  of  their  own  action  (especially  para-lactic  acid);  and,  secondly, 
from  the  exhaustion  of  the  supply  of  oxygen.  Hence  rest  is  necessary,  in 
order  that  the  blood  may  neutralise  and  carry  away  the  products  of  action, 
so  that  the  muscle  may  recover  its  neutrality  and  its  normal  electrical 
currents,  and  may  again  acquire  oxygen  in  sufficient  quantity  for  the  next 
contraction.  In  the  ca»^e  of  all  mizscles  these  intervals  of  action  and  of 
ejchaustion  take  place^  in  part  even  in  the  period  which  is  called  exercise, 
but  the  re^t  is  not  siitficient  entirely  to  restore  it.  In  the  case  of  the  Ijeart., 
the  rest  between  the  contractions  (about  two- thirds  of  the  time),  is  suUicient 
to  allow  the  mnscle  to  recover  itself  perfectly. 

The  body  after  exertion  aheorbs  mid  retains  water  eagerly ;  the  water, 
though  taken  in  large  quantities,  does  not  pass  off  as  rapidly  as  usual  by 
the  kidney's  or  the  skin,  and  instead  of  causing  an  augmented  metainor- 
pboais,  as  it  does  in  a  state  of  rest,  it  produces  no  effect  whatever.  Ho 
completely  is  it  retained,  that  although  the  skin  has  ceased  to  perspire,  the 
urine  does  not  increase  in  quantity  for  several  hours.  The  quantity  of 
.  water  taken  is  sometimes  so  great  m  not  only  to  cover  the  loss  of  weight 
caui^ed  by  the  exercise,  but  even  to  increase  the  weight  of  the  body. 

We  can  be  certain,  then,  of  the  absolute  necessity  of  wat<?r  during  and 
after  exorcise,  and  the  old  nde  of  the  trainer,  who  lessened  the  quantity  of 
water  to  the  lowest  jjoint  which  could  be  borne,  must  be  WTong,  In  fact^ 
it  is  now  being  abandoned  l»y  the  liest  trainers,  who  allow  a  libend  allow- 
ance of  liquid.  The  error  jirnbably  arose  in  this  way:  if,  during  great 
exertion,  water  is  dented,  at  tlie  end  of  the  time  an  enormous  quantity  is 
often  drunk,  more  in  fact  than  is  necessary,  in  order  to  still  the  over^ 
powering  thirst.  The  sweating  which  the  trainer  had  so  sedulously 
encouraged  is  thus  at  once  compensated,  and,  in  his  view,  all  has  to  bo 
done  over  again.  All  this  seems  to  be  a  misapprehejision  of  the  facts.  The 
Ixdy  must  have  water,  and  tlie  proper  plan  h  to  let  it  pass  in  in  small 
quantities  and  fret|uenUy ;  not  to  deny  it  for  hours,  and  then  to  allow  it 
to  pass  in  in  a  dehige.  The  plan  of  giving  it  in  small  quantities  frequently 
doea  away  with  two  dangers^  viz.,  the  rapid  passage  of  a  lai^e  quantity  of 
cold  water  into  the  stomach  and  blood,  and  the  taking  more  than  is 
necessary.^ 

1  Pkvy  allows,  m  hm  obmiya,iions  on  Weston  aud  Perkins,  that  the  excess  of  aitrogen 
eliminated  during  tlie  walking  period,  over  the  period  of  rest,  wa«  eqalvalcnt  to  nbout  542 
Ibot-tomf  per  man  («cr  diem.    Tbe  total  average  daily  work  done  be  HUtea  at  1264  foot-totui, 

but  tbi-^  N  "-^  nnder-estimate^  as  the  velocity  wr^- -*'-  — ;  ater  than  ibat  of  avemge 

wall  rileient  of  which  (A)  be  assumes  j  ^f  reiittauce.    Mr  Wvutcr 

Blylii  -I  iho  work  dono  l.v  weston  at  Wiv  .i^  walk  of  5000  mile*  in  100 

days,  in  MurcL  1884,  at  79?  >^]y.'-iPrvccaiuuJ.^  ILo^.  ,S<a.,  1884,  vol  xxivil)     X  A 

— One  grain  of  nitrogi^n  1 1  prcsMiuts  an  amount  of  firoteld  exponfk'd  cupdhte  of 

jielding  about  2'4  foot-tons  ..X  i<.-^^,.ii,d  ener--        \\i\.. -.„..%, .r  n,^.  ^xcc**!  of  nitrogun 

cUmiimt^l  d«ring  exercise,  tw  noted  abovo^  i  i^gration  of  muscle, 

jiart  of  it  wn^  due  (undoubtHly)  tn  changob  i  icmble  rimomit  in  due 

it)  di'  ion  of  alljurii  ! , 

*  I  lit  to  say  th  ivellcni  of  great  erwricncc  liave  exxire*4ted  great  f«ar 

ofT^ji^. ;  exertion,     b^i...        ...^m  have  Etioet  strongly  urged  that  *' water  be  avoided 

like  poiAon,"  and  have  utated  that  a  large  quantity  of  butter  is  tne  be«t  preventive  of  thint. 
At  any  rate,  tbe  butter  may  be  excellent,  but  a  little  water  Ia  a  ueoeseity. 
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In  the  French  army,  on  the  march,  the  men  used  to  be  directed  not  to 
drink ;  but,  if  very  thirsty,  to  hold  water  in  the  mouth  or  to  carry  a  bullet 
in  the  mouth.  It  is  singular,  in  that  nation  of  practical  soldiers,  to  find  such 
an  order.  Soldiers  ought  to  be  abundantly  supplied  with  water,  and  taught 
to  take  small  quantities  when  they  begin  to  feel  thirsty  or  fatigued.  If 
they  are  hot,  the  cold  water  may  be  held  in  the  mouth  a  minute  or  two 
before  swallowing  as  a  precaution ;  though  there  seems  to  be  no  evidence 
of  any  ill  eflfects  from  drinking  a  moderate  quantity  of  cold  water,  even 
during  the  greatest  heat  of  the  body.^ 

General  Effect  of  Exercise  on  the  Body,  as  judged  of  by  the  preceding 
facts. — ^The  main  effect  of  exercise  is  to  increase  oxidation  of  carbon,  and 
perhaps  also  of  hydrogen ;  it  also  eliminates  water  from  the  body,  and  this 
action  continues,  as  seen  from  Pettcnkofer  and  Voit's  experiments,  for  some 
time ;  after  exercise  the  body  is  therefore  poorer  in  water,  especially  the 
blood ;  it  increases  the  rapidity  of  circulation  everywhere,  as  well  as  the 
pressure  on  the  vessels,  and  therefore  it  causes  in  all  organs  a  more  rapid 
outflow  of  plasma  and  absorption, — in  other  words,  a  quicker  renewaL  In 
this  way  also  it  removes  the  products  of  their  action,  which  accumulate  in 
organs,  and  restores  the  power  of  action  to  the  various  parts  of  the  body. 
It  increases  the  outflow  of  warmth  from  the  body  by  increasing  perspira- 
tion. It  therefore  strengthens  all  parts.  It  must  be  combined  with  in- 
creased supply  both  of  nitrogen  and  carbon  (the  latter  possibly  in  the  form 
of  fat),  otherwise  the  absorption  of  oxygen,  the  molecular  changes  in  the 
nitrogenous  tissues,  and  the  elimination  of  carbon,  will  be  checked.  There 
must  be  also  an  increased  supply  of  salts,  certainly  of  chloride  of  sodium  ; 
probably  of  potassium  phosphate  and  chloride.  There  must  be  proper 
intervals  of  rest,  or  the  store  of  oxygen,  and  of  the  material  in  the  muscles 
which  is  to  bo  metamorphosed  during  contraction,  cannot  take  place.  The 
integrity  and  perfect  freedom  of  action  both  of  the  limgs  and  heart  are 
essential,  otherwise  neither  absorption  of  oxygen  nor  elimination  of  carbon 
can  go  on,  nor  can  the  necessary  increased  supply  of  blood  be  given  to  the 
acting  muscles  without  injury. 

In  all  these  points,  the  inferences  deducible  from  the  physiological  in- 
quiries seem  to  be  quite  in  harmony  with  the  teachings  of  experience. 


SECTION  II. 

AMOUNT  OF  EXERCISE  WHICH  SHOULD  BE  TAKEN. 

It  would  be  extremely  important  to  determine,  if  possible,  the  exact 
amount  of  exercise  which  a  healthy  adult,  man  or  woman,  should  take. 
Every  one  knows  that  great  errors  are  committed,  chiefly  on  the  side  of 
defective  exercise.  It  is  not,  however,  easy  to  fix  the  amount  even  for  an 
average  man,  much  less  to  give  any  rule  which  shall  apply  to  all  the  divers 
conditions  of  health  and  strength.  But  it  is  certain  that  muscular  work  is 
not  only  a  necessity  for  health  of  body,  but  for  mind  also ;  at  least  it  has 
seemed  that  diminution  in  the  size  of  the  body  from  deficient  muscular 
work  seems  to  lead  in  two  or  three  generations  to  degenerate  mental 
formation. 

1  Horses  also  used  to  be,  and  by  some  are  now.  deprived  or  stinted  of  water  during  exercise. 
But  in  India  the  native  horsemen  give  their  norses  drink  as  often  as  they  can  ;  and  Dr 
Nicholson  says  this  is  the  case  with  the  Cape  horses  ;  even  when  the  horses  are  sweating 
profusely  the  men  will  ride  them  into  a  river,  bathe  their  sides,  and  allow  them  to  drink. 
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The  external  work  which  can  be  done  hy  a  man  daily  has  been  estimated 
at  ^th  of  the  work  of  thf^  hors« ;  but  if  the  work  of  a  horso  Is  considered  to 
be  equal  to  the  1 -horse  power  of  a  steam  engine  (viz.  33,000  fb  raised  1  foot 
liigh  per  minute;,  or  8839  tons  raised  1  foot  high  in  ten  hours)^  this  must  be 
an  over-estimate,  as  ith  of  this  would  be  1263  imm  rnised  1  foot  in  a  day^s 
work  of  t4?n  honrs.^  The  hanlest  day's  work  of  twelve  hours  noted  by  Dr 
Parkcs  was  in  the  case  of  a  workman  in  a  copper  rolling-mill.  He  stated 
that  he  occa^sionaily  raiaetl  a  weight  of  90  lb  to  a  height  of  18  inches,  12,000 
times  a  day.  Supjwsing  this  t<3  be  correct,  be  would  raise  723  tons  1  foot 
high.  But  this  mnch  overpiases  the  usual  amount.  The  same  man's 
ordinary  day^s  work,  which  he  tionsidered  extremely  hard,  was  raising  a 
weight  of  124  Jb  16  inches  5000  or  6000  times  in  a  day.  Adopting  the 
lai'ger  number,  this  would  make  his  work  equivalent  to  443  tons  lifted  a 
foot ;  and  this  was  a  hard  day's  work  for  a  powerful  man.  Some  of  the 
piiddlers  in  the  iron  conn  try,  and  the  glass-blowers,  probably  work  harder 
than  this ;  but  there  are  no  calculations  recorded.  From  the  statement  of 
a  pedlar,  his  ordinary  day^s  work  was  t^:)  carry  28  fl&  20  mile^  daily.  The 
weight  is  balanced  over  the  shoulder, — 14  fi>  behind  and  14  Cb  in  front. 
Assuming  the  man  to  weigh  160  lb,  the  work  is  equal  to  443  tons  lifted 
1  foot.  It  would,  therefore,  seem  certfiiri  that  an  amount  of  work  equal  to 
500  tons  lifted  a  foot  is  an  extremely  hard  day's  work,  whicli  perhaps  few 
men  coidd  continue  to  do.  400  tons  lifted  a  foot  is  a  hard  day's  work,  and 
300  toni5  lifted  a  foot  is  an  average  day*s  work  for  a  healthy,  strong  adult 
The  work  usuaDy  calculated  for  a  horse  in  the  army  is  3000  foot-tons,^  and 
^th  of  this  is  just  430,  nearly  the  work  of  the  pedlar  above  mentioned. 

1  Fost45r  reckanii  150,000  kilognimnie-inetres,  or  485  foot- tons,  ts  «  good  day'a  work. 
Ac«ordinj^  to  LondoL*  and  Stirling  tPhysivto^^  3rd  edition,  page  491)  the  day's  work  of  a 
good  workmftQ  aiiioiints  to  300,000  kilogramme-raetrtjs,  or,96i>  fool-tons.  The  Utter  seems 
very  \tigh. 

In  this  country  the  amount  of  work  done  U  generally  estimAted  oa  so  luany  tb  or  tonu 
liftwl  1  foot.  In  France  it  in  expressed  as  so  miiny  kilogrammes  lifted  1  mvtr^.  Kilo- 
^Tume-metres  are  couvert«d  into  foot-pouuds  by  raultivilyinR  by  7*233,  To  britiK  at  once 
into  touw  lifted  a  foot,  multiply  kilogmmme-metre.*i  by  0-603229,  The  following  table  may  be 
nsefu]  m  uxpre^nging  the  amount  of  work  done.  It  u  takeu  from  Dr  Haughton's  work  {A 
A^ew  Theory  qf  Miacular  Action),  The  numbers  are  a  little  different  from  those  given  by 
Coulomb^  iki  they  were  recalculated  by  Dr  Haughtoii  in  1S63. 


LAaomnrQ  Foacs  ow  Max. 

Kind  of  Work. 

Araoont  of  Work. 

Anthortty. 

Pile  driving,           .... 

312  tons  lifted  1  foot. 

Coulomb, 

Pile  driving,           ,           ,           ,           , 

362        „ 

11 

L«maudc. 

Turning  a  wincb,  .           »           .           , 

374        ., 

ti 

Coulomb. 

PortetK^  carrying  goodi  «id  returalng  i 
unladen, ,           ♦           .           ,           »  i 

325        „ 

ft 

II 

FbdlarB  always  loaded,     . 

803        . 

J, 

** 

Porters  carrying  wood  up  a  stair  and  1 
returning  unloaded,       .           .           ♦  j 

381 

»i 

Favioum  at  work, .           .           ♦           . 

352       ,, 

^  J 

Haughton. 

Military  iprifloncra  at  fihot  drill  {8  hours),  1. 
and  oakum  picking,  and  drill,  .           ,  \' 

810       „ 

M 

tt 

abot  driU  alon«  \Z  houn), 

160-7     ., 

n 

t» 

ft  may  be  interesting  to  give  nome  examples  of  work  done  in  India  by  natives,  wkioh  have 
been  noted  by  de  Chaumont  :— 

A  Lcpt<:ha  hilbcoq^ie  will  go  from  Puukabarre«  to  Daijeeling  (30  mileft.  and  an  asoent  of 
5600  XkhI)  in  thre«  davji,  carryins  80  lb  weight ;  the  weight  i4  carried  on  a  name  sapportAd  on 
the  biiu?!  and  sacrum  and  aidetl  by  a  band  passed  round  the  forehead. 

Work  fN^r  diem^  about  600  tona  lifted  X  ioot 

Ei^ht  |Mil{inqttin  bearers  carried  an  officer  weighing  180  lb,  and  oalaiiquin  weiring  250  tTi, 
26  miles  lu  Lower  BengaL  Asaunung  each  man  weighed  160  tb^  uie  work  waa  wO  tons  lifted 
afoot. 

>  P.  Smith,  VeterinAjy  Bfgiens,  1887. 
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The  external  work  is  thus  300  to  500  tons  on  an  average ;  the  internal 
work  of  the  heart,  muscles  of  respiration,  digestion,  &c.,  has  been  variously 
estimated;  the  estimates  for  the  heart  alone  vary  from  122  to  277  tona 
lifted  a  foot.^  The  former  is  that  given  by  Haughton,  who  estimates  the 
respiratory  movements  as  about  21  tons  lifted  a  foot  in  twenty-four  hours. 
Adopting  a  mean  number  of  260  tons  for  all  the  internal  mechanical  work, 
and  the  external  work  of  a  mechanic  being  300  to  500  tons,  this  will 
amount  to  from  Jth  to  j-th  of  all  the  force  obtainable  from  the  food. 

The  exertion  which  the  infantry  soldier  is  called  upon  to  undergo  is 
chiefly  drill,  and  carrying  weights  on  a  level  or  over  an  uneven  surface. 

The  Keverend  Professor  Haughton,  M.D.,  F.R.S.,  who  is  so  well  known 
for  his  important  contributions  to  physiology  and  medicine,  has  shown  that 
walking  on  a  level  surface  at  the  rate  of  about  3  miles  an  hour  is  about 
equivalent  to  raising  ^th  part  of  the  weight  of  the  body  through  the 
distance  walked ;  an  easy  calculation  changes  this  into  the  weight  raised  1 
foot.  When  ascending  a  height,  a  man  of  course  raises  his  whole  weight 
through  the  height  ascended. 

The  formula  is   ^ ooTQ x  C  =  foot-tons  :  where  W  *=  weight  of  the 

person,  and  W  the  weight  carried,  both  in  pounds;  D  the  distance,  in  feet; 
and  C  the  coefficient  of  traction ;  2240  is  the  number  of  poimds  in  a  ton : 
the  distance  walked  in  miles  must  be  multiplied  by  5280  to  bring  it  to  feet 
The  result  is  the  number  of  tons  raised  one  foot. 

Using  this  formula,  and  assuming  a  man  to  weigh  160  lb  with  his 
clothes,  we  get  the  following  table — 

jr.-.  ^f  p^^w.i.^,  Work  done  In  Tons 

Kind  of  Exercise.  lifted  one  foot 

Walking  1  mile, 18-86 

„  2  „              3772 

„  10  „              188-60 

„  20  „              377-20 

J,  1  ,,  and  carry iDg  60  lb,     .         .  26 '93 

„  2  „  ,,                    .         .  61-86 

,,  10  „  „                    .         .  259-30 

„  20  „  „                    .         .  518-60 

It  is  thus  seen  that  a  march  of  10  miles,  with  a  weight  of  60  tt)  (which  is 
nearly  the  weight  a  soldier  carries  when  in  marcliing  order,  but  without 
blanket  and  rations),  is  a  moderate  day's  work.  A  20  miles  march,  with 
60  tt)  weight,  is  a  very  hard  day's  work.  As  a  continued  labouring  effort, 
Dr  Haughton  believes  that  walking  20  miles  a-day,  without  a  load  (Sunday 
being  rest),  is  good  work  (353  tons  lifted  a  foot) ;  so  that  the  load  of  60  lb 
additional  would  make  the  work  too  hard  for  a  continuance.^ 

It  must,  however,  be  remembered  that  it  is  understood  that  the  walking 
is  on  level  ground,  and  is  done  in  the  easiest  manner  to  the  person,  and 
that  the  weights  which  are  carried  are  properly  disposed.  The  labour  is 
greatly  increased  if  the  walk  is  irksome,  and  the  weights  are  not  well 
adjusted.  And  this  is  the  case  with  the  soldier.  In  marching,  his  attitude 
is  stiff";  he  observes  a  certain  time  and  distance  in  each  step ;  he  has  none 
of  those  shorter  and  longer  steps,  and  slower  and  more  rapid  motion,  which 

1  The  work  of  the  heart  has  been  estimated  at  242  foot-tons  (Foster) ;  and  281  foot-tons 
(Landois  and  Stirling). 

2  Dr  de  Chaumout  calculated  the  work  done  by  the  sledge-parties  in  the  Arctic  Expedi- 
tion of  1875-76,  and  found  that  the  Northern  party  (Markham's)  did  a  mean  of  674  foot-tons 
per  man  per  diem,  with  a  maximum  of  869 ;  the  Western  party  (Aldrich's)  did  a  mean  of 
443,  and  a  maximum  of  over  GOO.  Even  this  large  amount  was  considered  an  under-estimate 
by  the  Commanders. — See  Jieport  of  Committee  on  Outbreak  of  Scurvy  (Blue  Book),  Appw  24, 
p.  865. 


WORK  DONE  ACOORDINQ  TO  VELOCITY.  381 

assist  the  ordinary  pedestrian.  It  may  be  questioned,  indeed,  whether  the 
formula  does  not  imder-estimate  the  amount  of  work  actually  done  by  the 
soldier.  The  work  becomes  heavier,  too,  t.c.,  more  exhausting,  if  it  is  done 
in  a  shorter  time ;  or,  in  other  words,  velocity  is  gained  at  the  expense  of 
carrying  power.^  The  velocity,  in  fact,  *.«.,  the  rate  at  which  work  is  done, 
is  an  important  element  in  the  question,  in  consequence  of  the  strain  thrown 
on  the  heart  and  limgs.  The  Oxford  boat  races — rowing  at  racing  speed 
(  =  1  mile  in  7  minutes)  in  an  Oxford  eight-oar,  or  18 '56  foot-tons  in 
7  minutes,^  is  not  apparently  very  hard  work,  but  it  is  very  severe  for  the 
time,  as  its  effect  is  great  on  the  circulatory  system.  Mr  W.  North's 
experiments  ^  are  remarkable,  as  having  been  done  under  circumstances  of 
great  precision.  His  weight  was  132  ft,  and  he  carried  28  lb — total  weight, 
160  fi>.  In  his  first  experiment  he  walked  30  miles  at  4*28  per  hour; 
work  done,  712  foot-tons.  Second  experiment — 32  miles  at  4*57  per 
hour;  work  done,  728  foot-tons.  Thiid  experiment — 33  miles  at  4*71 
per  hour;  work  done,  843  foot-tons.  Fourth  experiment — 47  miles  at 
4-7  per  hour ;  work  done,  1200  foot-tons. 

Looking  at  all  these  results,  and  considering  that  the  most  healthy  life  is 
that  of  a  man  engaged  in  manual  labour  in  the  free  air,  and  that  the  daily 
work  will  probably  average  from  250  to  350  tons  lifted  1  foot,  we  can,  per- 
haps, say,  as  an  approximation,  that  every  healthy  man  ought,  if  possible, 
to  take  a  daily  amount  of  exercise  in  some  way,  which  shall  not  be  less  than 

1  Dr  Haughton  {Principles  of  Animal  Mechanics,  2nd  ed.  pp.  56  and  57)  has  determined, 
from  the  calciUations  of  the  MM.  Weber,  the  coefficient  of  resistance  for  tnree  velocities,  as 
follows :  - 

MUca  per  hour.  Retlstance. 

1-818 „W 

4-353 riHf 

10-577 rh 

Interpolating  between  these  numbers  we  can  obtain  the  coefficients  at  other  velocities. 
The  following  table  shows  the  coefficients,  the  distance  in  miles  that  would  equal  300  foot- 
tons  for  a  man  of  160  £6,  and  the  time  in  hours  and  minutes  that  would  be  required  without 
rest : — 

Distance  for  Men  of  Time  required  In 

160  lb,  to  equal  Hours  and  Minutes. 

800  foot-tons.  H.     X. 

30-2  30  12 

21-2  10  36 

16-3  5  24 

13-3  3  18 

11-2  2  36 

9*6  1  36 

8-5  1  12 

7-6  0  57 

6-9  0  46 

6-3  0  38 

or  this  may  be  stated  thus :  the  residual  resistance  equivalent  to  the  erect  posture  is  equal  to 

3^-j-j,  or  0*01506 ;  for  every  mile  of  velocity  per  hour  add  ~-^.,  or  0*01117;  thus  for  3  miles 
oo'44  o9'51 

an  hour  we  have  0*01506+0*01117  x  3=0*04857,  or  ^J^,  as  above.  The  coefficient  ^  corre- 
sponds very  nearly  to  3*1  miles  an  hour,  and  this  appears  to  be  the  rate  at  which  the  greatest 
amount  of  work  can  be  done  at  the  least  expenditure  of  energy  (see  table  xviii.,  p.  186, 
Lectures  on  State  Medicine,  by  P.  de  Chaumont).  As  regards  velocity,  Dr  Haughton  states 
the  **  Law  of  Fatigue  "  as  follows : — "  When  the  same  muscle  (or  ffroup  of  muscles)  is  kept 
in  constant  action  till  fatigue  sets  in,  the  total  work  done,  multiplied  by  the  rate  of  work, 
is  constant."  The  **Law  of  Refreshment"  depends  on  the  rate  at  which  arterial  bloo<l  is 
supplied  to  the  muscles,  and  the  '*  Coefficient  of  Kef^hment "  is  the  work  restored  to  the 
muscles  in  foot-pounds  per  ounce  of  muscle  per  second ;  for  voluntary  muscle  it  is  on  an 
average  0*1309,  and  for  tne  heart  0*2376,  or  exactly  equal  to  the  work  of  the  heart,  which 
never  tires. " 

3  Training,  by  A.  Maclaren,  p.  168. 

•  Proc,  Roy,  Soc,,  xxxvi.  p.  lo. 
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1 

Tshrs    = 

2 
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n»TT 
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150  tons  lifted  1  foot.  This  amount  is  equivalent  to  a  walk  of  about 
9  miles ;  but  then,  as  ihere  is  much  exertion  taken  in  ordinary  business  of 
life,  this  amount  may  be  in  many  cases  reduced.  It  is  not  possible  to  lay 
down  rules  to  meet  all  cases ;  but  probably  every  man  with  tie  above  facts 
before  him  could  fix  the  amoimt  necessary  for  himself  with  tolerable  acciuacy. 
In  the  case  of  the  soldier,  if  he  were  allowed  to  march  easily,  and  if  the 
weights  were  not  oppressively  arranged,  he  ought  to  do  easily  12  miles  daily 
for  a  long  time,  provided  he  was  allowed  a  periodical  rest.  But  he  could  not 
for  many  days,  without  great  fatigue,  march  20  miles  a  day  with  a  60  fi>  load, 
unless  he  were  in  good  condition  and  well  fed.  If  a  greater  amount  still  is 
demanded  from  him,  he  must  have  long  subsequent  rest  But  all  the  long 
marches  by  our  own  or  other  armies  have  been  made  without  weights, 
except  arms  and  a  portion  of  ammunition.  Then  great  distances  have  been 
traversed  by  men  in  good  training  and  condition. 


SECTION  III. 
TRAINING. 

The  aim  of  the  "  Trainer "  is  to  increase  breathing  power ;  to  make  the 
muscular  action  more  vigorous  and  enduring,  and  to  lessen  the  amount  of 
fat.  He  arrives  at  his  result  by  a  very  careful  diet,  containing  little  or  no 
alcohol ;  by  regular  and  systematic  exercise ;  and  by  increasing  the  action 
of  the  eliminating  organs,  especially  of  the  skin. 

What  the  "  Trainer  "  thus  accomplishes  is  in  essence  the  following :  a  con- 
cordant action  is  established  between  the  heart  and  blood-vessel^  so  that 
the  strong  action  of  the  heart  during  exercise  is  met  by  a  more  perfect  dila- 
tation of  the  vessels,  and  there  is  no  blockage  of  the  flow  of  blood ;  in  the 
lungs,  the  blood  not  only  passes  more  freely,  but  the  amount  of  oxygen  is 
increased,  and  the  gradual  improvement  in  breathing  power  is  well  seen 
when  horses  are  watched  during  training.  This  reciprocal  action  of  heart 
and  blood-vessels  is  the  most  important  point  in  training ;  the  nutrition  of 
nerves  and  muscular  fibres  improves  from  the  constant  action  and  the 
abundant  supply  of  food ;  the  tissue  changes  are  more  active,  and  elimina- 
tion, especially  of  carbon,  increases.  A  higher  condition  of  health  ensues, 
and,  if  not  carried  to  excess,  "  training  "  is  simply  another  word  for  healthy 
and  vigorous  living.^ 

1  Of  course,  over-traiiiing  may  be  hurtful,  but  anything  can  be  carried  too  far.  Reference 
may  be  made  to  Dr  Morgan's  highly  interesting  and  well-worked-out  treatise  on  University 
OarSf  to  show  that  boating  is  beneficial.  Dr  Lee  has  published  a  useful  little  book,  Exercise 
and  Training i  by  R.  Lee,  M.D.,  with  some  good  advice  on  training. 


CHAPTER    XII. 
CLOTHING. 

Thb  objects  of  clothing  are  to  protect  against  cold  and  against  warmth ;  all 
other  uses  will  be  found  to  resolve  themselves  into  one  or  other  of  these. 

The  subject  naturally  divides  itself  into  two  parts — Isty  the  materials  of 
clothing ;  and,  2ndy  the  make  of  the  garments,  which  will  be  considered  in 
Book  II.,  and  only  as  far  as  the  soldier  is  concerned. 

Materials  of  Clothing. 

The  following  only  will  be  described : — Cotton,  linen,  jute,  wool,  silk, 
leather,  and  india-rubber. 

Chemical  Reaction, — These  materials  are  all  easily  distinguished  by  micro- 
scopical characters,  but  certain  chemical  reactions  may  be  useful.  Wool  and 
silk  dissolve  in  boiling  liquor  potasssB  or  liquor  sodsB  of  sp.  gr.  1040  to  1050 ; 
cotton  and  linen  are  not  attacked.  Wool  is  little  altered  by  lying  in  sul- 
phuric acid,  but  cotton  and  linen  change  in  half  an  hour  into  a  gelatinous 
mass,  which  is  coloured  blue  by  iodine.  Silk  is  slowly  dissolved.  Wool  and 
silk  take  a  yellow  colour  in  strong  nitric  acid ;  cotton  or  linen  do  not.  So 
also  wool  and  silk  are  tinged  yellow  by  picric  acid ;  cotton  or  linen  are  not, 
or  the  colour  is  slight,  and  can  be  washed  off.  Silk,  again,  is  dissolved  by 
hot  concentrated  chloride  of  zinc,  which  will  not  touch  wool.  In  a  mixed 
fabric  of  silk,  wool,  and  cotton,  first  boil  in  strong  chloride  of  zinc,  and  wash ; 
this  gets  rid  of  the  silk ;  then  boil  in  liquor  sodse,  which  dissolves  the 
wool,  and  the  cotton  is  left  behind.  Another  reagent  is  recommended  by 
Schlesinger,  viz.,  a  solution  of  copper  in  ammonia ;  this  rapidly  dissolves 
silk  and  cotton,  and,  after  a  longer  time,  linen ;  wool  is  only  somewhat  swollen 
by  it.  By  drying  thoroughly  first,  and  after  each  of  the  above  steps,  the 
weight  of  the  respective  materials  can  be  obtained.^ 

Cotton, — Microscopic  Characters. — A  diaphanous  substance  forming  fibres 
about  4o\>oth  of  an  inch  in  diameter,  flattened  in  shape,  and  riband-like, 
with  an  interior  canal  which  is  often  obliterated,  or  may  contain  some  ex- 
tractive matters,  borders  a  little  thickened,  the  fibres  twisted  at  intervals 
(about  600  times  in  an  inch).  It  has  been  stated  that  the  fresh  cotton  fibre 
is  a  cylindrical  hair  with  thin  walls,  which  collapse  and  twist  as  it  becomes 

1  If  other  fabrics  than  those  mentioned  in  the  text  have  to  be  examined,  the  best  book  to 
consult  is  Dr  Schlesinger's  Mikroscopitche  Untermch.  der  Oespinnst-Fasem  (Zurich,  1878;, 
where  pUtes  will  be  found  of  many  of  the  fibres  of  commerce.  The  following  are  tne  chief 
reagents  used  by  Schlesinger : — lat.  Strong  and  weak  sulphuric  acid,  to  dissolve  or  swell  out 
the  fibres,  and  also,  with  iodine,  to  test  for  cellulose.  2ndt  Nitric  acid,  especially  to  show  the 
markings.  Sref,  Chromic  acid,  as  the  best  solvent  for  the  intercellular  substance,  and  for  the 
swelling  out  in  solution  of  the  cellulose ;  it  is  often  used  with  sulphuric  acid.  4th.  Dilute 
tincture  of  iodine,  which  is  added  to  cellulose,  and  then  sulphuric  acid  is  used.  5m,  Solu- 
tion of  copper,  made  by  dissolving  metallic  copper  in  ammonia  ;  this  dissolves  cell-meuibrane. 
6th,  Sulphate  of  aniline,  which  coK>ur8  lignite  yellow.  7thy  Liquor  potasse  (dilute),  to  render 
the  fabrics  transparent.  He  advises  the  fabnc  to  be  put  on  a  slip  of  glass,  and  then  a  drop 
of  water  to  be  placed  on  it :  then  a  needle  should  be  drawn  two  or  three  times  in  the  direc- 
tion of  the  fibres,  which  will  be  easily  detached.  Then  the  fibre  is  laid  on  a  glass  and  the 
reagent  is  applied. 
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dry.  Iodine  stains  them  brown ;  iodine  and  sulphuric  acid  (in  very  small 
quantities)  give  a  blue  or  violet-blue;  nitric  acid  does  not  destroy  l^em, 
but  unrolls  the  twist. 

As  an  Article  of  Dress, — ^The  fibre  of  cotton  is  exceedingly  hard,  it  wears 
well,  does  not  shrink  in  washing,  is  very  nourabsorbent  of  water  (either  into 
its  substance  or  between  the  fibres),  and  conducts  heat  rather  less  rapidly 
than  linen,  but  much  more  rapidly  than  wool.^  It  is  very  absorbent  of 
odours. 

The  advantages  of  cotton  are  cheapness  and  durability;  its  hard  non- 
absorbing  fibre  places  it  far  below  wool  as  a  warm  water-absorbing  clothing. 


Fig.  90.— Cotton.     x285. 


Fig.  91.— Linen.    285. 


In  the  choice  of  cotton  fabrics  there  is  not  much  to  be  said ;  smoothness, 
evenness  of  texture,  and  equality  of  spinning,  are  the  chief  points. 

In  cotton  shirting  and  calico,  cotton  is  alone  used ;  in  merino  and  other 
fabrics  it  is  used  with  wool,  in  the  proportion  of  20  to  50  per  cent,  of  wool, 
the  threads  being  twisted  together  to  form  the  yam. 

Cellular  cloth  is  made  principally  from  cotton.  The  fibres  are  so  woven 
as  to  leave  large  cellular  interspaces  in  the  fabric,  and  the  air  contained 
tlierein  renders  it  an  excellent  non-conductor :  its  warmth  depends  on  its 
porous  character.     It  is  said  to  be  very  durable. 

Linen, — Microscopic  Characters. — The  fibres  are  finer  than  those  of  cotton, 
diaphanous,  cylindrical,  and  presenting  little  swellings  at  tolerably  regular 
intervals.  The  elementary  fibres  (of  which  the  main  fibre  is  composed)  can 
be  often  seen  in  these  swellings,  and  also  at  the  end  of  broken  threads  which 


1  Experiments  on  the  conducting  power  of  materials  by  Coulier  (Professor  of  Chemistry  At 
the  Val  de  Gr&ce)  and  by  Dr  Hammond  (late  Surgeon-General,  United  States  Army). 
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have  been  iiitich  used.  The  hemp  fibre  li  something  like  this,  but  much 
coarser,  and  at  the  knots  it  separates  often  int()  a  number  of  amaUer  fibres. 
Silk  is  a  little  like  linen,  but  finer,  and  with  much  fewer  knots. 

As  an  Article  of  Clothing. — Linen  conducts  heat  and  absorbs  water  slightly 


Pig.  92,— 8Uk.     sc285. 

better  tlian  cotton.  It  is  smoother  than  cotton.  As  an  article  of  clotMng 
it  may  be  dassal  with  it.  In  choosing  linen  regard  is  bad  to  the  even- 
ness  of   the  threads  and    to    the    fineness  and    closeness  of    the    texture. 


Fig.  93.— Jute - 


onnt«d  (N 
orl«»to 


All  tbe  fibrati. 


BedaouB  (T)  mattor  adhenug 


The  colour  shouhl  be  white,  and  the  surface  glossy.     Starch  is  often  used  to 

give  glossiness.     This  is  detected  by  iodine,  and  removed  by  the  first  washing. 

Jute. — Jute  is  now  very  largely  used,  and  appears  to  enter  into  the  adul- 
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teration  of  most  fabric.s.     Jute  is  obtained  from  the  Cnrc^im^m  cap 
and  comes  to  Enghmd  from  RuBsia  and  India.     The  fibres  aro  of  eonsidfl 
able  length,  are  hollow,  thifkened,  and  with  narrowings  and  constrictioil 
in  the  tubular  portions;  sometimes  ati  air-bubble  may  be   in  the  fibre^ 
fihown  in  the  drawing.     The  (lrawing>  by  Dr  Maddo:^,  shows  the  di^a 
between  the  jute  and  cott<3n  or  linen. 

Wool — Mia'Qscopic   Characters, — Round   fibres,    transparent   or   a    Ht 
hazy,  colourless,  except  when  artificially  dyed.      The  fibre  is  mndc  up  of 

number  of  little  comets,  which  have  h»e«:*oE 
united.  There  are  very  evident  sh'ght 
oblique  cross  markings,  which  indicate 
ba»c5  of  the  cornets ;  and  at  the.se  poin^ 
the  fibre  is  very  slightly  larger*  Thei't? 
also  fine  longitudinal  markings  There  : 
a  canal,  but  it  is  often  obhterated.  Whe 
old  and  worn,  the  fibre  breaks  up  int 
tibrillffi ;  and,  at  the  same  time,  the  sli'gl] 
prominences  at  the  cross  markings  disaf 
pear,  and  even  the  markings  become  in 
distinct.  By  these  characters  old  wool  ca 
he  recognised.  Size  of  fibres  varies,  bi] 
an  average  is  given  by  the  figure.  Tl] 
finest  wools  have  the  smallest  fibres. 

As  an  AHicle  of  ClotJiinff. — Wool  is 
bad  conductor  of  heat  and  a  great  ai 
&orber  of  w^ater  ;  but  it  is  non-absorbent  \ 
odours.  The  water  penetrates  into  the^ 
fibres  themselves  and  distends  them  (hy- 
groscopic water),  and  also  lies  between 
them  {water  of  interposition).  In  tliese 
respects  it  is  greatly  superior  to  either 
cotton  or  linen,  its  power  of  hygroscopic 
absorption  being  at  least  double  in  propor- 
tion to  its  weight,  and  quadruple  in  propor- 
tion to  its  surface. 

This  property  of  hygroscopically  absorbing  w^ater  is  a  most  important  one. 
During  [terspirution  t!ie  evaporation  from  the  surface  of  the  Inxiy  is  necessary 
to  reduce  the  heat  which  is  generated  by  the  exercise.  When  the  exercise 
is  finishedj  the  evaixiration  still  goes  on,  and,  as  already  noticed,  to  such  an 
extent  as  to  chill  tlie  frame.  "VVlien  dry  woollen  clothing  is  put  on  oftor 
exertion,  the  vajjour  from  the  surface  of  the  body  is  condensed  in  the  wool» 
and  gives  out  again  the  large  amount  of  heat  which  has  become  latent  when 
the  water  was  vaporised.  Therefore  a  wooOen  covering,  from  this  c^iu;-ij. 
alone^  at  once  feels  warm  "vvhen  used  during  sweating.  In  tlie  case  of  cotton 
and  linen  the  perspiration  passes  through  them,  and  evaporates  from  the 
external  surface  without  condensiition ;  the  loss  of  heat  then  continues. 
These  facta  make  it  pLiin  why  dry  woollen  clothes  are  so  uaefol  after 
exertion.  1 


.  94.— Wcx>l      x2S5. 
Je,  y^th  inch. 


__  Petlcjjkofcr gives  {Zt./ikr  JBwl,^  Band  I  p.  185)  gome  experiments  abowing  the  liyiprwooplo 
power  of  wool  »a  t^ompart^d  with  linea.  Be  §how8  tbAt  linen  not  only  ftOMrbe  mncli  ]mm 
WAter,  but  piurts  witli  it  much  more  quickly  ;  thus,  to  cite  one  experlmeiit.  eqtial  stirfaeesof 
tinen  tkud  Ranuvl  Innu^  exj^osed  tt)  tlie  Air  (ifter  being  placed  in  «qu4l  conditiaos  of  AbsorptiOB, 
the  linen  lo«t  iu  7»'>  niiuut<?&  5993  grammes,  and  the  flannel  only  4*858  grAtnm^t  of  '  * 
SobMqnently  the  evaporation  JVotn  the  linen  les»ened|  ob  itraB  to  bft  expected,  ta  it  w 
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In  addition  to  this,  the  texture  of  wool  is  wanner,  from  its  bad  conduct- 
ing power,  and  it  is  less  e-asily  penetrated  by  cold  winds.  The  disadvantage 
of  wool  is  the  way  in  which  its  soft  fibre  shrinks  in  washing,  and  after  a 
time  becomes  smaller,  harder,  and  probably  less  absorb6nt.^ 

In  the  choice  f>f  woollen  underclothing  the  touch  is  a  great  guide.  There 
should  bo  smoothness  and  great  softness  of  texture ;  to  the  eye  the  texture 
should  be  close  ;  the  hairs  standing  out  from  the  surface  of  equal  length,  not 
long  and  straggling.  The  heavier  the  substance  is,  in  a  given  bulk^  the 
better.  In  the  case  of  bLiidtets,  thf?  softness,  thickness,  and  closeness  of  the 
pile,  the  closeness  of  the  texture,  and  the  weight  of  the  blanket,  ui'e  the  best 
guides. 

In  woollen  cloth  the  rules  are  the  same.  When  held  against  the  Ugh t,  the 
chith  should  be  of  imiform  texture,  without  holes ;  when  f*  ^Ided  and  sud- 
denly stretched,  it  should  give  a  clear  ringing  note ;  it  should  be  v*^ry  re- 
sistent  when  stretched  vnth  violence  ;  the  **  tearing  power  *'  is  tlic  l>est  way 
of  judging  if  "  shoddy  '*  (old  used  and  worketl-up  wool  and  cloth)  has  lieen 
mixed  with  fresh  wooL  A  certain  weight  must  be  borne  by  every  piece  of 
cloth.  At  the  Government  Clothing  Esttibliskment  at  Pimlico,  a  machine  is 
used  which  marks  the  exact  weight  neceiisary  to  tear  across  a  piece  of 
cloth.  Schlesinger  reconunends  the  following  plan  for  the  examination  of 
a  mixed  fabric  containing  shiwldy : — Examine  it  with  the  microscope,  and 
recognise  if  it  contains  cotton,  or  silk,  or  linen,  besides  wool  If  so,  dissolve 
them  by  ammoniacal  solution  of  copper.  In  this  way  a  qualitative  examina- 
tion is  first  made.  Then  tbc  attention  on  the  wool.  In  shoddy  both 
coloured  and  colourless  wool  til^res  are  often  seeo»  as  the  fibres  havi?  liecn 
derived  from  different  cloths  which  have  been  partially  bleached  ;  the 
colouring  matter,  if  it  remains,  is  different — indigo,  purpurin,  or  madder. 
The  diameter  of  the  wool  is  never  so  regular  as  in  fresh  wool,  and  it  changes 
suddenly  or  graduaDy  in  diameter,  and  suddenly  widens  again  with  a  little 
swelling,  and  then  thins  oif  again  [  the  cross  markings  or  scales  are  also 
ahnost  obliterated.  'WTien  liquor  potiissfe  is  applied  the  shoddy  wool  is 
attacked  much  more  quickly  than  fresh  wool. 

The  dye  also  must  bo  gLMxl,  and  of  the  kind  named  in  the  contract,  and 
tests  must  be  applied. 

The  clothing  introduced  by  Br  Jaeger  has  been  taken  into  use  in  the 
German  Army  ;  on  service  no  linen  is  allowed  to  be  worn.     The  clothing  is 

made  that  it  does  not  irritate  the  skin  :  this  is  acci>mplishcd  by  careful 
election  of  the  wool,  which  is  of  the  best  quality  pro<-'urable.  The  shape 
and  arrangement  of  the  constituent  hairs  of  the  material  also  provide  for 
the  escape  of  moisture,  while  air  perme^ites  freely  through  the  texture.  It 
is  one  of  the  best  kinds  of  clothing  for  miden^^ear,  and  is  admirably  adapted 
for  soldiers. 

Lffathn\— Choke  of  leather:  it  shoidd  be  well  tanned,  and  without  any 
marks  of  corrosion,  or  attacks  of  insects.  The  thinner  kind  shoulf!  be  ]\eT- 
fectly  supple. 

drier  ;  thftt  from  the  Unnml  continued  to  pfldit  off  motlerntely.  The  nmcli  greater  cooling  tthcl 
of  liuen  U  &eeii. 

Ttii»  porosity  of  clothing,  i,e.,  the  rapidity  with  whirli  air  In  rlrivun  through,  ^  a  point  to 
be  noted.  By  wj  eqniil  prewnre  vrjuivAlent'to  a  column  of  w»ter  45  centimetres  high,  «iti  arm 
of  1  centiiDCtre  diiuneter  forced  air  through  as  f<»llowH:— Through  linen,  6*03  litre*  ;  tlumel, 
10*41  ;  linilxHkiu,  6-07  ;  glove  leather,  015  ;  \va>h-leather»  5"37  ;  HUk  fabric,  4  14, 

It  tbuB  appears  that  the  wannfest  clolhinp  (flminel)  may  he  the  most  poxouB  ;  iiieiv  porosity, 
in  fact,  ia  only  one  eletijeut  in  the,  coninderation. 

*  In  washing  woollen  articles  they  ihould  never  iw  ntblted  or  wryng.  They  Bhonld  be  pUo^il 
in  a  hot  solution  of  ^^oap,  moved  about  and  then  plunged  into  cold  water  ;  when  tlie  aonp  is 
got  rid  of  they  iihonld  b«  hung  up  to  dry  without  wringing. 


888  CLOTHING. 

.  Leather  is  not  only  used  for  shoes,  leggings,  and  accoutrements ;  it  is 
employed  occasionally  for  coats  and  trousers.  It  is  an  extremely  warm 
clothing,  as  no  wind  blows  through  it,  and  is  therefore  well  adapted  for  cold, 
windy  climates.  Leather  or  sheepskin  coats  are  very  common  in  Russia, 
Turkey,  Tartary,  Persia,  the  Danubian  Provinces,  and  everywhere  where 
the  cold  north  winds  are  felt.  In  Canada  coats  of  sheepskin  or  bufTalo- 
hide  have  been  found  very  useful,  and  are  commonly  used  by  sentries. 

Waterproof  Clothing, — Like  leather  articles,  india-rubber  is  an  exceedingly 
hot  dress,  owing  to  the  same  causes,  viz.,  impermeability  to  wind,  and 
condensation  and  retention  of  perspiration.  It  is  objected  to  by  many  on 
these  grounds,  and  especially  the  latter ;  and  L6vy  informs  us  that  the 
CoimcU  of  Health  of  the  French  Army  have  persistently  refused  (and,  in 
his  opinion,  very  properly)  the  introduction  of  waterproof  garments  into 
the  army.  If,  however,  woollen  underthings  are  worn,  the  perspiration  is 
sufficiently  absorbed  by  those  during  the  comparatively  short  time  water- 
proof clothing  is  worn,  and  the  objection  is  properly  not  valid  unless  the 
waterproof  is  continually  worn. 

The  great  use  of  waterproof  is,  of  course,  its  protection  against  rain,  and  in 
this  respect  it  is  invaluable  to  the  soldier,  and  should  be  largely  used.  By 
the  side  of  this  great  use,  all  its  defects  appear  to  be  minor  evils. 

India-rubber  cloth  loses  in  part  its  distensibility  in  very  cold  countries, 
and  becomes  too  distensible  in  the  tropics.  It  is  also  apt  to  rot  by  absorp- 
tion of  oxygen.  Paraffined  cloth  is  equally  good,  and  the  paraffin  does  not 
rot  the  fibre  like  common  oil. 

General  Conclimons, 

Protection  against  Cold, — Wool  is  much  superior  to  either  cotton  or  linen, 
and  should  be  worn  for  all  underclothing.  In  case  of  extreme  cold,  besides 
wool,  leather  or  waterproof  clothing  is  useful.  Cotton  and  linen  are  nearly 
equal. 

Protection  against  Heat. — Texture  has  nothing  to  do  with  protection  from 
the  direct  solar  rays ;  this  depends  entirely  on  colour.  White  is  the  best 
colour ;  then  grey,  yellow,  pink,  blue,  black.  In  hot  countries,  therefore, 
white  or  light  grey  clothing  should  be  chosen. 

In  the  shade,  the  effect  of  colour  is  not  marked.  The  thickness,  and  the 
conducting  power  of  the  material,  are  the  conditions  (especially  the  former) 
which  influence  heat. 

Protection  against  Cold  Winds. — For  equal  thicknesses,  leather  and  india- 
rubber  take  the  first  rank  ;  wool  the  second  ;  cotton  and  linen  about  equal. 

Absorption  of  Perspiration. — Wool  has  more  than  double  the  power  of 
cotton  and  linen. 

Absorption  of  Odours. — This  partly  depends  on  colour;  and  Stark's 
observations  show  that  the  power  of  absorption  is  in  this  order — black,  blue, 
red,  green,  yellow,  white.  As  far  as  texture  is  concerned,  the  absorption  is 
in  proportion  to  the  hygroscopic  absorption,  and  wool  therefore  absorbs  more 
than  cotton  or  linen. 
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CHAPTER  XIII. 
INDIVIDUAL  HYGIENIC  MANAGEMENT. 

This  subject  is  an  extremely  large  one,  and  the  object  of  this  book  docs  not 
permit  of  its  discussion.  It  would  require  a  volume  to  itself.  Only  a  few 
very  general  remarks  can  be  made  here.  The  appliciition  of  general  hygienic 
ridea  to  a  pftrticulftr  cnse  constitutes  individual  management. 

It  is  im{)03sible  to  make  general  rules  sufficiently  elastic,  and  yet  precise 
enough,  to  meet  every  possible  case.  It  is  sufficient  if  they  contain  principles 
and  precepts  which  can  be  applied,  Wliile  individual  hygiene  should  be  a 
matter  of  study  to  all  of  us,  it  is  by  no  means  desirable  to  pay  a  constttnt  or 
minute  attention  to  one^s  own  health.  Such  c;tre  will  defeat  its  object  Wo 
should  only  exercise  that  reasonable  care,  thought,  and  prudence  which,  in 
a  matter  of  such  mometit,  every  one  is  bound  to  take. 

Every  man,  for  example,  who  considers  the  subject  bond  fide^  is  the  best 
judge  of  the  exact  diet  which  snits  him.  If  he  understands  the  general  prin- 
ciples of  diet,  and  remembers  the  Hippocratic  rule,  that  the  amount  of  food 
and  exercise  muat  be  balanced,  and  that  evil  results  from  excess  of  either,  he 
ia  hardly  likely  to  go  wrong. 

"Temperance  and  exercise'*  was  the  old  ml©  laid  down,  even  before 
Hippocrates,*  as  containing  the  essence  of  health ;  and  if  we  translate 
temperance  by  **  sufficient  food  for  wants,  but  not  for  luxuries,"  we  shall 
exf*ress  the  present  doctrine. 

The  nutrition  of  the  body  is  so  affected  by  individual  peculiarities,  that 
there  in  a  considerable  variety  in  the  kind  of  food  taken  by  diffisrent  persons. 
The  old  rule  seems  a  good  one,  vix.,  wliile  conforming  to  the  general 
principles  of  diet,  not  to  encourage  too  great  an  attention  either  ti5  quantity 
or  to  quality,  but  avoiding  what  experience  has  shown  to  be  manifestly 
bad»  either  generally  or  for  the  particular  individual,  to  allow  a  considerable 
variety  and  change  in  amount  from  day  to  day,  according  to  appetite.^ 
Proper  and  slow  mastication  of  the  food  is  necessary  ;  and  it  is  extraordinary 
how  many  affections  of  the  stomach  called  dyspepsia  arise  simply  from 
faulty  mastication,  from  deficient  teeth,  or  from  swallowing  the  foisd  t^o 

^  It  Ih  rjuite  plaiD  from  the  context  th&t  Hippocrateji,  bv  tempeimnoe^  meant  shqIi  mi 
lunouat  of  food  as  would  balance,  ami  neither  cxo«d  nor  fall  tnort  of  the  ez«rcu»e.  He  had 
A  clear  concepiiou  of  tlie  development  of  mechanical  force  from^  and  ita  relatioii  to,  food. 
He  lays  down  n]1<?«  to  <thow  when  tbe  diet  is  in  excess  of  exercise,  or  the  ejcercisc  ia  oicceii 
of  diet.    In  •    '  lie  tiacea  diaeaAe. 

s  Celsn**  t  ,  Un  of  variety  so  far  as  to  recommend  that  men  Ahonld  sometimes 

eat  and  drini:  m  ia  proper^  and  should  fometimea  not  exc«ed  ;  and  Bacon  has  a 

remark  which  lead:^  one  to  believe  he  held  a  similar  opinion  ;  but  there  can  be  no  doubt  of 
the  incorrectiie«a  of  thb  opinion.  It  has  Wen  truly  said  that  thi»  first  geuera)  rule  of  Htppo- 
crat«i,  which  prefcribea  continual  moderation,  ia  much  tru' :  '  ''  be«t  wxiteri  on  hygiane, 
ancient  and  modem,  have  decided  afiaimd.  Celsna.     Beaidi.  rieoua,  the  rule  of  UeUus 

opens  a  door  to  intemperance,  and,  like  a  barmleas  senteni '  .  .    «  rates^  has  been  twisted 

to  serve  tbe  orgnment  of  gourmanda.  Ita  influence  is  felt  even  ut  the  present  day.  This 
much  is  certaia,  that  probably  30  pr  cent  of  the  peiaons  who  consult  phvaictans  owe  their 
diiesaca  in  sotue  way  to  food,  and  in  many  cases  they  are  perfectly  aware  tnem^idvefi  of  their 
crrtKr  or  bad  habit,  but,  with  the  singular  inconsisteDcj  of  human  nature^  either  conceal  it 
from  the  man  to  whom  they  are  professing  perfect  opeimess,  or  oLana^fe  to  blind  themielvea 
to  its  exiatence; 


390 


im)IVIDUAL   HYGIENIC  MANAGEMENT. 


rapidly.  Mtiny  persious  who  are  too  thin  are  so  from  their  own  habits  ;  they 
eat  chiefly  meat,  and  eat  it  very  fast ;  they  should  e^it  slowly,  and  take  more 
bread  aod  starchy  suhstance^.  Fat  persona,  on  the  other  hand,  hy  lesseniag 
the  amount  of  starch,  and  taking  mure  exercise,  can  lessen  with  the  greatest 
ease  the  amL*iint  of  fat  to  any  extent.  It  must  he  remembered,  howev^er, 
that  there  is  a  certain  individual  conformation  in  this  respect ;  some  persona 
are  normaOy  fatter  or  thinner  than  others. 

The  exact  amount  of  exercise  must  ako  be  a  matter  of  individual  decision, 
it  being  remembered  that  exercise  in  the  free  air  is  a  paramount  condition 
of  health,  and  that  the  healthiest  persons  are  those  who  have  most  of  it 
As  a  nile,  people  take  far  too  little  exercise,  especially  educated  worac^n, 
■who  are  not  obliged  to  work,  and  the  muscles  are  too  often  flaccid  and 
»Ll-nourished.* 

Attention  to  the  skin  is  another  matter  of  personal  hygiene.  The  akin 
must  be  kept  perfectly  clean,  and  well  clothed.  Some  wiiters,  indeed,  have 
advised  that,  if  food  lie  plentiful,  few  clothes  be  worn  ]  but  the  best  authors 
do  not  agree  in  thii^,  but  recommend  the  surface  to  be  well  protected.  For 
cleunlinesa,  cold  liathing  and  friction  hold  the  first  rank.  The  effect  of  cold 
is  to  improve  apparently  the  nutrition  of  the  skin,  so  that  it  afterwards  actft 
more  readily,  and  when  combined  with  friction,  it  is  curious  to  see  how  the 
very  colour  and  texture  of  the  skin  manifestly  improve. 

Tlie  effect  of  heat  on  the  skin,  and  especially  the  action  of  the  Roman  or 
Turkish  baths,  and  their  action  on  health,  have  certainly  not  yet  been 
properly  worked  out,  in  spite  of  the  numerous  papers  which  have  been 
written.  It  has  not  been  proved  that  the  skong  action  of  the  Turkish  bath 
is  more  healthy  in  the  long  run  than  the  application  of  cold  water.  As  a 
curative  agents  it  is  no  doubt  extremely  useful ;  but  as  a  daily  custom  it  is 
yet  mib  judice.  Certtxinly  it  should  not  be  used  mthout  Uie  concluding 
application  of  cold  to  the  surface. 

Attention  has  been  often  very  properly  directed  to  the  effect  of  lead  and 
mercurial  hair-dyes.  It  may  he  worth  while  to  notice  that  there  is  a  caae 
on  record  ^  in  which  not  only  was  paralysis  produced  by  a  lead  hair-wash« 
but  lead  was  recovered  from  the  base  of  the  left  hemisphere  of  the  brain. 
Snuff  containing  lead  has  also  caused  poisoning. 

The  care  of  the  bowels  is  another  matter  of  personal  hygiene,  and  is  a 
matter  of  much  greater  difficulty  than  at  first  sight  appears.     Constipation,  ^ 
as  allowing  food  to  remain  even  to  decomposition,  as  leading  to  distention 
and  sacculation  of  the  colon,  and  to  hsemorrhoids,  is  to  be  avoided.     But^J 
on  the  other  hand,  the  constant  use  of  purgative  medicine  is  destructive  af 
digestion  and  ]iroper  absorption  ;  and  the  use  of  clysters,  though  less  hurtf 
to  the  stomach,  and  less  objectionable  altogether,  is  by  no  means  desirable 
On  the  whole,  it  would  seem  that  proper  relief  of  the  howeb  can  be  usually 
insured  by  exercise,  and  especially  by  bringing  the  abdominal  muscles  intol 
play,  and  by  the  use  of  certain  articles  of  diet — %t2.,  pure  water  in  good  ] 
tpiantity  with  meals,  the  use  of  bran  breads  honey,  fruit,  and  such  gently  laxa- 
tive food ;  and  that  if  these  do  not  answer  weU,  it  is  better  to  allow  a  certain 
amount  of  constipation   than  to  fail  into  the  frequent  use  of   purgative 
medicines. 

The  regulation  of  the  passions  must  also  l>e  left  to  the  individual     Th©^ 


1  Oomparc  the  imiterfcot  devdopnufnt  of  the  muscles  of  the  arma  So  ladies,  &fl  shown  by  thi 
low  erenlng  drciisca,  with  tlie  women  of  the  working  cl&s«es.  No  one  can  doubt  which  is  tha 
healthier  or  which  ih  the  more  benutiful,  until  excels  of  work  develops  in  tlie  miudes  of  th« 
Ia1>ouriu2  women  the  too  hjinl  outlines  ol  middle  life* 

>  Vinihow'a  A  rchi%  Band  \riil  p.  177, 
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control  of  morals  haa  liafflcd  the  exertions  of  tho  priest  and  the  statesman  ; 
but  perhaps  the  influence  of  sexual  irregularities  on  health  has  never  been 
made  the  subject  of  judicious  education.  The  period  of  puberty  corresponds 
with  the  most  imij<5rt-aufc  periwl  of  growtli,  when  tho  hones  are  consolidating 
imd  uniting,  and  both  muscles  and  nervTs  are  largely  absorbing  nourish- 
ment, mid  are  developing  to  their  fullest  f>ower.  The  too  early  use  of 
sexual  congress,  and  even  more  the  drain  on  the  system  produced  by  aolitary 
vice^  arrests  this  development  to  a  considerable  exten^t^  and  prevents  the 
attiiinment  of  the  strength  and  endurance  which  would  ensure  a  healthy, 
vigL^rous,  and  happy  life.  The  venereal  diseases,  which  so  waste  many  of 
the  younger  men,  form  only  an  item  in  the  catalogue  of  evils — e\nls  which 
atl'ert  at  a  subsequent  period  wives  and  children,  and,  by  undermining  the 
heiilth  and  happiness  of  the  family,  influence  the  state  itself.  We  know 
that  a  widespread  profligacy  has  eaten  away  the  vigour  of  nations,  and 
cjiused  the  downfall  of  states  ;  but  we  hardly  reeognise  that,  in  a  less  degree, 
tlie  same  causes  are  active  among  us,  and  never  realise  what  a  state  might 
be  if  its  citizens  were  temperate  in  all  things.  It  may  lie  difficult  to  teach 
these  points  to  the  young,  and  to  urge  upon  them,  for  their  own  and  others' 
sakes,  that  regulation  of  the  passions  which  physiology  teaches  to  be  necea- 
sary  for  personal  happiness,  for  the  welfare  of  the  offspring,  and  for  healthy 
family  life ;  but  few  can  doubt  that,  in  some  way,  the  knowledge  should 
be  given. 

The  amount  of  mental  work,  and  the  practice  of  general  good  temper  and 
cheerfulness  and  hope,  are  other  pjints  which  each  man  must  himself  con- 
trol. Great  mental  work  can  be  borne  well  if  hygienic  principles  of  diet, 
exercise,  &c»,  be  attended  t^:).  The  old  authors  paid  great  attention  to  the 
regimen  of  men  engrossed  in  literary  work,  and  laid  down  particular  rules, 
insisting  especially  on  a  very  careful  and  mmlerate  diet,  and  on  exercise. ^ 

Hope  and  cheerfulness  are  great  aids  to  health,  no  doubt,  from  their  effect 
on  digestiom  Usually,  too,  they  are  combined  with  a  quick  and  active 
temperament,  and  with  rapid  bodOy  movements  and  love  of  exercise. 

The  individual  appH cation  of  general  hygieidc  rules  will  differ  according 
L  to  the  sex  and  age,^  and  the  circumstances  of  the  person.  In  the  case  of 
•  children,  we  have  to  apply  the  general  rules  with  as  much  caution  and  care 
I  OS  possible,  as  we  must  depend  on  external  evidence  to  pr*3ve  their  utility. 

■  In  the  case  of  adults,  individual  experience  soon  shows  wdiether  a  pre* 
lacribed  rule  is  or  is  not  beneficial,  and  what  mcHlifieation  must  be  made 
t  in  it.     It  is  not,  however,  every  grown  person  who  has  the  power  to  modify 

or  change  his  condition.  He  may  be  under  the  influence  of  others  who,  in 
fact,  arrange  for  him  the  circimistances  of  hia  life.  But  still,  in  no  case  is 
all  self-control  t<iken  away ;  the  individual  can  always  influence  the  condi- 
tions of  his  owTi  health. 

Were  the  laws  of  health  and  of  physiology  better  understood,  liow  great 
would  be  the  effect !  Let  us  hope  that  matters  of  such  great  moment  may 
not  always  bo  considered  of  less  importance  than  the  languages  of  extinct 
nations,  or  the  unimportant  facts  of  a  dead  history. 

1  PlatiLTch,  wbo&e  mlu^  on  heAltb  are  excellent  nnd  chiefly  taken  from  HippocreteSt  coia- 
ptreH  th«?  ovor-studious  rimn  to  th^  camel  in  the  fable,  who.  refuBing  to  ease  the  ox  in  dtie 
time  of  hia  loml,  wa-s  forced  At  Ust  to  cAiry  not  only  the  ox  s  own  IcMwi,  but  the  ox  himself ^ 
wheu  he  died  under  bi«  bunlen* 

«  Galen  was  the  tirst  who  poiuted  out  explicitly  that  hyiriene  rules  must  bo  different  for 

■  infancy,  yov^'    • '-  od,  and  old  a^e— a  fourfold  diviaion  which  ia  still  the  beat.   IVtbofionui^ 

■  Ie<:uH,  Hti  pocrat^s,  P<iiybiuR,  Dinclt**,  Cdoun,  aud  others  who  preoed&d  G&lon, 
f  apfHsar  to  ^                  <t  rules  ohietlv  for  male  adults.    Galen   Bubdivided  the  subject  much 

more  iiyjiteui^itlcallv .  (For  a  good  ftKort  account  of  the  earlj  aytteoiflf  nee  MAckeoiia  on  The 
ffisioff  q/ HmUh^antl  fAf  AH  0/  Prt^erving  i/,  1758.) 


CHAPTER  XIV. 
DISPOSAL  OF  THE  DEAD. 


In  denflely  populated  countries  the  disposal  of  the  dead  is  always  a  qued> 
tion  of  difiiciilty.  If  the  dead  are  buiicd,  so  great  at  last  is  the  accumula* 
tiou  of  Ixidies  that  the  whole  coimtTy  round  a  great  city  becomes  gradually 
a  vast  cemetery.^  In  some  soils  the  decomposition  of  bodies  is  very  slow, 
and  it  is  many  years  before  tlie  risk  of  impurities  passing  into  air  and  water 
is  removed. 

After  death  the  buried  body  retairns  to  its  elements,  and  gradually,  and 
often  by  the  means  of  other  forma  of  life  which  prey  on  it,  a  large  amount 
of  it  forms  carbon  dioxide,  ammonia,  carburetted  hydrogen  and  hydrogen 
sulf»hide,  nitrous  and  nitric  acids,  and  variaits  more  complex  gaseous  pro- 
ducts, many  of  which  are  very  fietid,  Tmt  whicli,  however,  are  eventually 
all  oxidised  into  the  simpler  combinations.  The  non-volatile  subsUiuccis, 
the  salts,  become  constituents  of  the  soil,  pass  into  plants,  or  are  carried 
away  into  the  water,  pcrcohxting  through  the  ground.  The  hardest  part^ 
the  bones,  remain  in  some  soils  for  many  centuries,  and  even  for  long 
periods  retain  a  portion  of  their  animal  constituents. 

If,  instead  of  being  buried,  the  body  is  burned,  the  same  process  oc^xirs 
more  rapidly  and  with  different  combinations;  carbon  dioxide,  carbon  mon- 
oxide (i)i  nitrogen,  or  perhaps  combinations  of  nitrogen,  water,  &c.,  are  given 
off,  and  the  mineral  constituents,  and  perhaps  a  little  carbouj  if  the  com- 
bustion be  incomplete,  remain  behind, 

A  commmiity  must  always  dispose  of  its  dead  either  by  bm'itil  in  land  or 
water,  or  by  burning,  or  chemical  destruction  equivalent  to  burning,  or  by 
embalming  and  preserving.  Accustomed  as  we  are  to  land  burial,  there  is 
something  almost  revolting,  at  first  siglit,  in  the  idea  of  making  the  sea  the 
sepulchre,  or  of  burning  the  dead.  Yet  the  eventual  dispersion  of  our  frames 
is  the  same  in  all  cases  ;  and  it  is  pKibably  a  matter  merely  of  custom  which 
makes  us  think  that  there  is  a  want  of  affection,  or  of  care,  if  the  bodies  of 
the  dead  are  not  suffered  to  repose  in  the  earth  that  bore  theHi 

In  reality,  neither  affection  nor  religion  can  be  outraged  by  any  manner 
of  dispostU  of  the  dead  which  is  done  with  proper  solemnity  and  respect. 
The  question  should  be  placed  entirely  on  sanitary  grounds,  and  we  ahaU 
then  judge  it  rightly. 

What,  then,  is  the  best  plan  of  disposing  of  the  dead,  so  that  the  liying 
may  not  suffer  ? 

It  seems  hardly  likely  that  the  practice  of  embalming  or  mummilying 

*  NotLing,  p«rtmp«,  testifies  more  stixmgly  to  the  antwmty  and  the  extent  of  the  anciont 

dtiea  iii  Aimtolia  than  the  voat  wmilchral  reioainfl.     On  the  site  of  Old  Dar<launs,  the  tnotlur 

,  of  Troy,  and  stretching  from  tlie  Bellea|Joiit  for  two  or  three  miles  into  the  hills,  th«  wbolo 

I  country  in  hontyconibed  with  tombs.    It  is  the  same  in  the  lieigbbourhood  of  Troy,     The 

burial  of  the  dead,  though  practiiied  by  the  most  ancient  nations,  was  atterwarda  5upe»edad 

by  burning*  and  was  only  ftubsequently  returned  to.     As,  therefore,  these  gravea  npranal 

only  a  portion  of  the  duration   of  the  city,  the  imraenm}  a(<#euibluge  of  tonibfl  is  the  lliOf* 

remarkaDle,  and  it  is  inipoasihle  to  avoid  toe  conclusion  that  these  great  citiea  miiat  lui^ 

I  Ikrartfibed  for  periodfi  far  longer  than  thoj^e  which  have  elapsed  dnoe  London  or  Fsria,  Ibr 

npki  became  large  oentree  of  population. 
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will  ever  again  Ijecome  couxmon.  What  is  the  ubg  of  preserving  for  a  few 
more  years  the  remains  which  will  be  an  object  of  indiHerence  to  future 
generations  t  The  next  logical  step  would  be  to  enshrine  these  remains  in 
some  way  so  ns  to  in^^ure  their  preservation,  and  we  should  return  to  the 
vast  burial  mounda  of  Egypt.  The  question  will  lie  between  burial  in  the 
land  or  at  sea,  and  burning. 

At  present  the  question  is  not  an  urgent  one  ;  but  if  the  p<jpulation  of 
Europe  continues  to  increase,  it  will  become  so  in  another  century  or  two. 
Already  in  this  country  we  have  seen,  in  our  own  time,  a  great  change ;  the 
objectionable  practice  of  interment  under  and  round  churches  in  towns  has 
been  given  up,  and  the  pinptilation  is  buried  at  a  distance  from  their  habita- 
tions. For  the  present  that  measure  will  probably  suffice,  but  in  a  few  years 
the  (juestion  wUl  again  inevitably  present  itself. 

Burying  in  the  ground  appears  certainly  the  most  insanitary  plan  of  tlie 
three  methods.  The  air  over  cemeteries  is  constantly  contaminated,  and 
water  (which  may  be  used  for  clrinking)  is  often  highly  impure.  Hence,  in 
the  vicinity  of  graveyards  two  dangers  to  the  population  arisCi  and  in  addi- 
tion, from  time  to  time^  the  disturbance  of  an  old  graveyard  has  given  rise  to 
dise^ise.  It  is  a  matter  of  notoriety  that  tlie  vicinity  of  gi'avej^ards  is 
unhealthy*  How  are  these  dangers  to  be  avoided  1  The  dead  may  be  buried 
in  more  or  less  air-tight  vaults ;  here  decay  is  slow ;  the  prcducts  form  and 
escape  slowly,  though  they  must  eventually  escape ;  the  air  and  water  are 
less  contaminated.  But  the  immense  expense  of  such  a  plan  renders  it 
impossible  to  adopt  it  for  the  community  genomlly.  Deep  burjing  has  the 
advantage  of  greater  hltration,  both  for  air  and  water,  than  shallow  burying, 
and  hence  it  is  a  good  rule  to  make  the  grave  as  deep  as  pf»3sible,  and  to 
allow  no  more  than  one  body  in  a  grave.  The  size  of  grave  spaces  prescribed 
by  the  Home  Office  is,  for  adults,  9  feet  by  4  feet,  equalling  4  squart?  yaitis; 
and  for  children  under  12  years,  6  feet  by  3  feet^  equalling  2  square  yards. 
The  object  of  these  measurements  is  to  allow  a  strip  of  undisturbed  soil 
around  every  body.  The  admixture  of  qnicklime  has  been  advised  ;  it 
absorbs  some  carbon  dioxide,  and  forms  calcium  sulpliide  with  the  sulphur 
and  hydrogen  sulphide,  but  this  itself  soon  decomposes,  so  that  the  expense 
of  quickhme  seems  har»Jly  commensurate  with  the  result.  Charcoal  woidd 
absorb  and  oxidise  the  foetid  organic  matter,  and,  if  sufficiently  cheap,  would 
be  a  valuable  substance  to  be  heaped  in  graves  ;  but  its  cost  would  l>e  pro- 
bably too  great,  nor  does  it  entirely  hinder  putrefaction  and  the  evolution  of 
foul-smeUing  eubstimces  (IL  Darker).  If  a  body  has  to  be  kejtt  unburied  for 
some  time,  sawdust  and  sulphate  of  dnc,  in  the  proportion  of  two  parts  to 
one,  has  been  been  found  liy  Herbert  Barker  *  to  be  the  best  application ;  ft 
thin  layer  is  put  over  the  dead  btKiy ;  or  sawdust  is  sprinkled  on  the  body, 
and  then  two  or  three  inches  of  carb<:4ic  acid  thrown  over  it 

The  only  means  which  preset! t  themselves,  as  applicable  in  all  caaea,  are 
deep  burial  and  the  use  of  plants,  closely  placed  in  the  cemetery.  There  is 
no  plan  which  is  more  efficacious  for  the  absorption  of  the  organic  substances, 
and  perhaps  of  the  carbon  dioxide,  than  plants,  but  it  would  seem  a  mistake 
to  uae  only  the  dark,  slow-growing  evergreens.  The  object  should  Ixj  to  get 
the  most  rapidly  growing  trees  and  shrubs,  and,  in  fact,  tlxere  is  no  reiison, 
except  a  feeling  of  sentiment,  why  we  should  introduce  into  our  cemeteries 
the  gloomy  and  melancholy  cypress  and  yew.  Mr  Seymour  Haden  has 
called  attention  to  the  supposed  advantages  of  perishable  cortLns,  so  that  the 
putrefactive  changes  may  be  carried  out  ad  quickly  as  possible.     And  cer^ 


1  "  ])eo<knria«tkiii  sad  DitmfectioQ,"  British  Mtdical  Journal,  January  1866. 
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tainlj,  if  barying  is  to  continue^  it  seems  reasonable  tbat  no  undue  ol>sMcie 
should  be  placed  in  ihe  way  of  changes  which  are  sooner  or  later  inevitable. 
When,  in  the  course  of  yeaiis,  it  becomes  imperative  to  reconsider  thiB 
question,  imd  land  burial  will  have  to  be  modified,  some  arguments  may 
present  themselves  to  maritime  nations  in  favour  of  burj^ing  in  the  sea 
rather  than  of  btirniiig.  In  the  burial  at  sea,  some  of  the  body  at  least 
would  go  at  once  to  support  other  forms  of  life,  more  rapidly  than  in  the  case 
of  land  burial,  and  without  the  danger  of  evolution  of  hurtful  products.^ 

Burning,  or  cremation,  has  attracted  much  attention  of  lat^  years.  In  thi« 
country  the  subject  has  been  discussed  by  Sir  Henry  Thompson  and  the  late 
Mr  Eassie,  and  abroad  much  has  been  written,  especially  in  Germany  and 
Italy,  in  both  which  countries  the  method  has  been  practically  tried.  It 
would  certainly  appc^ir  tliat  the  body  can  be  disposed  of  in  a  very  short 
tinie  and  in  an  inoftensive  manner,  while  the  expense  would  unquestionably 
be  much  reduced  if  the  practice  became  general.  One  hour  appears  suffi- 
cient to  reduce  a  liody  to  ashes,  and  it  has  been  successfully  carried  out  in 
this  country  at  the  Woking  Crematory  under  the  direction  of  the  Cremation 
Society.^ 

The  only  really  valid  argument  against  cremation  is  the  possible  coneeah 
ment  of  crime,  such  as  poisoning.  This,  however,  might  be  gimrded  against 
by  suitable  precautions. 

In  time  of  war,  and  especially  in  the  case  of  beleaguered  fortresses,  the 
disjiosal  of  the  de^d  becomes  often  a  matter  of  difficulty.  In  that  caae, 
burning  should  he  resorted  to.  If  burial  is  the  system  adopted,  it  should  be 
as  deep  as  possible,  and  charcoal  should  be  thrown  over  the  bodies,  if  pro- 
cnrahle ;  if  it  cannot  l>e  obtained,  sawdust  and  sulphate  of  zinc,  or  carbolic 
acid  may  bo  employed.  Quicklime  is  also  commonly  employed,  but  it  is  less 
useful. 

At  Metz,  in  1870,  the  following  plan  was  adopted: — A  pit  of  about  17 
feet  in  depth  was  filled  with  dead,  disposed  as  follows : — A  row  of  bixlies 
was  laid  side  by  side  ;  above  tliis  a  second  row  was  placed,  with  the  heads 
laid  against  the  feet  of  the  first  row ;  ihe  third  mw  were  placed  across^  and 
the  fr»urth  row  in  the  same  way,  but  with  the  heads  to  the  feet  of  the  former  ; 
th*^  fifth  row  were  placed  as  No.  1,  and  so  on.  Between  each  layer  of  bodies 
about  an  inch  of  lime,  in  jK^wder,  was  placed.  From  90  to  100  bociies  wer* 
lus  arranged  on  a  length  of  61  feet,  and  reached  to  about  6  feet  from  the 
rface ;  the  pit  was  then  filled  up  with  earth,  and  though  8400  bodies  were 
'"T>ut  in  that  pit,  tbere  were  no  perceptible  emanations  at  any  time. 

Around  Metz  the  graves  of  men  and  horses  and  cattle  were  disinfected 
with  lime,  charcoal,  and  sulphate  of  iron.  Immense  exertions  were  made  to 
elcim  and  disinfect  the  camps  and  battle-fields,  and  in  the  month  of  May 
1871  from  1200  t^  1600  labourers  were  employed  by  the  Germans.  Wher- 
ever j^racticalile,  the  ground  was  sown  with  oats  or  barley  or  grass.  The 
hillocks  formed  by  the  graves  were  planted  with  trees. 

In  many  cases,  at  Metz,  bodies  were  dug  up  by  the  Germans  when  there 
was  any  fear  of  water-courses  being  contaminated,  or  if  houses  were  near. 
On  account  of  the  danger  to  the  workmen,  graves  containing  more  than  six 
bodies  were  left  untouched,  and  the  work  was  always  done  under  the  imme- 


iT  fUbtlii  of 
etuOleuger 


^  Dr  Reyiia.ril  considtirs  that  there  L}  a  tota.1  abetiuce  of  pntrefactioQ  in  the  greater  d^ptlii  of 
thf*  fteii,  B  MJ,,  18&0.  vol  i.  page  310.    See  obo  a  letter  by  Dr  Monteith,  of  the  ^ 
Y.       '  nM.J.,  1S90,  L  page  630. 

_:  of  crenml  iou,  Lord  BraniwHll  said:--"  I  think  it  is  right,  and  what  i«  Ycry  nm, 
^M  ,.  Im^cIc.     It  15  the  cheapest,  the  moat  wholeaome*  and  to  my  mind  the  least  repol- 

hive  Wf4)  ui  dlKjjosing  of  the  deaii  and  tliose  wti  have  loved.    That  it  ia  li^^al,  them  is  not  • 
doubt, '^-^noted  in  Nasmyth'a  Manwd  qf  PMk  Stolth,  1890. 


DISPOSAL  OF  THE  DEAD.  395 

diate  superintendence  of  a  physician.  The  earth  was  removed  carefully,  but 
not  far  enough  to  uncover  the  corpse ;  then  one  end  of  the  corpse  was  un- 
covered, and,  as  soon  as  uniform  or  parts  of  the  body  were  seen,  chloride  of 
lime  and  sawdust,  or  charcoal  and  carbolic  acid,  put  in ;  the  whole  earth 
round  the  body  was  thus  treated,  and  the  body  at  length  laid  bare,  lifted, 
and  carried  away.     The  second  body  was  then  treated  in  the  same  way. 

Near  Sedan,  where  there  were  many  bodies  very  superficially  buried,  burn- 
ing was  had  recourse  to.  Straw  mixed  with  pitch  was  put  into  the  graves, 
and  was  lighted ;  1  ton  of  pitch  sufficed  for  from  1 5  to  20  bodies.  Opinions 
as  to  this  practice  were  divided,  and  it  is  not  certain  how  many  graves  were 
thus  dealt  with.  It  seems  probable  that  only  the  surface  of  the  body  was 
burnt,  and  when  many  bodies  were  together  in  one  grave  some  were  not 
touched  at  alL  On  the  whole,  the  experiment  appears  to  have  been  un- 
successful. 

The  Belgian  experience  at  Sedan  was  in  favour  of  employing  chloride  of 
lime,  nitric  acid,  sulphate  of  iron,  and  chlorine  gas.  Carbolic  acid  did  not 
answer  so  welL  The  sulphate  of  zinc  and  charcoal,  which  Barker  found  so 
useful,  was  not  tried. 

The  late  Mr  Eassie  has  called  attention  to  the  desirability  of  an  ambu- 
latory cremation  furnace  for  the  disposal  of  bodies  in  war.  If  such  an 
arrangement  proved  practicable,  it  would  unquestionably  be  of  immense 
advantage  from  a  hygienic  point  of  view ;  especially  in  a  tropical  climate, 
where  the  rapid  disposal  of  the  dead  is  of  the  utmost  importance. 


CHAPTER   XV. 
CLIMATE. 


The  word  climate  (KXt/ia,  a  alope^  from  icXaVciv,  to  incline)  originally  signified 
Uiat  obliquity  of  the  sphere  with  respect  to  the  liomon,  from  which  results 
the  inequality  of  day  and  night.  In  its  modern  acceptation  it  may  be  laken 
to  mean  the  sum  of  all  the  meteorological  conditions  of  a  place,  or  region, 
including  not  only  those  of  temperaturej  but  the  meteorological  conditions 
generally,  so  far  as  these  exercise  an  iiiiluenee  on  the  animal  and  vegetable 
kingdoms.  There  are  four  principal  factors  in  the  production  of  the  climate 
of  any  placj?  or  country: — (1)  Distance  from  the  equator ;  (2)  Height  aboYe 
\e  sea;  (3)  Distance  from  the  sea  ;  (4)  Prevailing  winds. 

With  regard  generally  to  the  effect  of  climate  on  human  life,  it  would 

em  certain  that  t!ie  facility  of  ohtiiining  food  (which  is  itself  influenced 
by  climate),  rather  than  any  of  the  immediate  effects  of  climate,  regulates 
the  location  of  men  and  the  amount  of  population,  Tlie  human  frame 
seems  to  ac^^uire  in  time  a  wonderful  power  of  aria ptat ion,  Tlie  Kskimiiis, 
when  they  can  obtain  plenty  of  food,  ore  largo  strong  men  (though  notliing 
is  known  of  their  average  length  of  life),  and  the  dwellers  in  the  hottest 
parts  of  the  world  (provided  there  is  no  malaria,  and  that  their  food  is 
nutritious)  show  a  stature  jis  lofty  and  a  strength  as  great  as  any  dwellers 
in  temperate  climates.  Peculiarities  of  race,  indeed,  arising  no  one  knoiwa 
how,  but  probably  from  the  combined  influences  of  climate,  food,  and  cus- 
toms, acting  through  many  age^,  appear  to  have  more  effect  on  stature, 
health,  and  duration  of  life  than  climate  alone.  Still,  it  would  seem  probable 
that,  in  climatic  conditions  so  diverse,  there  arise  some  special  differences 
of  structure  which  are  most  marked  in  the  skin,  but  may  possibly  iiivolvt^ 
other  organs. 

How  soon  the  body,  when  it  has  become  accustomed  by  length  of  reaidence 
for  successive  generation^  tti  one  climate,  can  accommodate  itself  to,  or  bear 
the  conditions  of,  the  climate  of  another  widely  ditferent  place,  is  a  question 
which  can  only  he  answered  when  the  influences  of  chmate  are  better  knowii. 
The  hypothesis  of  *'  acclimatisation  "  implies  that  there  is  at  first  an  injw 
efl'ect  produced,  and  then  an  accommodation  of  the  body  to  the  new  t  < 
tions  within  a  very  limited  time  j  that,  for  example,  the  dweUer  in  northern 
zones  passing  into  the  tropics,  although  he  at  first  suffers,  acquires  in  a  few 
years  some  special  constitution  which  relieves  him  from  the  injurious  conse- 
quences which,  it  is  supposed,  the  change  at  first  brought  with  it.  Ther© 
are,  therefore,  two  assumptions,  vi2.^  of  an  injurious  effect^  and  of  a  relief 
from  it.     Is  either  correct  t 

It  may  seem  a  bold  thing  to  question  the  commonly  received  opinion 
that  a  tropical  climate  is  injurious  to  a  northern  constitution,  hut  there  are 
some  striking  facts  which  it  is  difficult  to  reconcile  with  such  an  opinion. 
The  army  experience  shows  that,  both  in  the  West  Indies  and  in  India,  the 
mortality  of  the  soldier  has  been  gradually  decreasing,  mitO,  in  some  stations 
in  the  West  Indies  (as,  for  example,  Truiidad  and  Barbadoes),  the  sickness 
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and  mortality  among  the  Emopean  soldiera  ore  actually  less  than  on  home 
service  in  years  which  have  no  yellow  fever.  In  India,  a  century  ago, 
people  spoke  with  horror  of  the  terrihle  climate  of  Bc*mbay  and  Calcutta, 
and  yet  EuropeAna  now  live  in  health  and  comfort  in  both  cities.  In 
Algeria  the  French  experience  is  to  the  same  effect.  As  the  climate  and 
the  stations  are  the  same,  and  the  soldiers  are  of  the  same  rtice  and  habits^ 
what  has  removed  the  dangers  which  fonnerly  made  the  sickness  threefold 
and  the  mortality  tenfold  the  ratio  of  the  sickness  and  deaths  at  home  ? 

The  explanation  is  very  simple  :  the  deaths  in  the  West  Indies  were 
partly  owing  to  the  vimlence  of  yellow  fever  (which  was  fostered,  though 
prohably  not  engendered,  by  bad  sanitary  conditions)  and  the  general  excess 
of  other  febrile  and  dysent-eric  causes.  The  simple  hygienic  precautions 
which  were  efficacious  in  England  have  been  as  useful  in  the  West  Indiee. 
Proper  food,  good  water,  pure  air  have  been  supplied,  and,  in  proportion  as 
they  have  been  so,  the  deadly  effects  attributed  to  climate  have  disappeared. 
The  effect  of  a  tropical  climate  is,  so  to  apeak,  relative.  The  temi>erature 
and  the  humidity  of  the  air  are  higldy  favourable  to  decompositions  of  all 
kinds ;  the  effluvia  from  an  impure  soil,  and  the  putrescent  changes  going 
on  in  it,  are  greatly  aggravated  by  heat.  The  effects  of  the  sanitary  evils 
which,  in  a  cold  climate  like  Canada,  are  partly  neutralised  by  the  cold,  are 
developed  in  the  West  Indies,  or  in  tropical  India,  to  the  greatest  degree* 
In  this  way  a  tropical  climate  is  evidently  most  powerful,  and  it  renders 
all  sanitary  precautions  tenfold  more  necessary  than  in  the  temperate 
zone.  But  aD  this  is  not  the  effect  of  climate,  but  of  something  added  to 
climate. 

Take  away  thejse  sanitary  defects,  and  avoid  malarious  soils  or  drain  them, 
and  let  the  mode  of  living  be  a  proper  one,  and  the  European  soldier  does 
not  die  faster  in  the  tropics  than  at  home. 

It  must  be  said,  however,  that  an  element  of  imcertainty  may  be  pointed 
out  here.  In  our  tropical  possessions  the  European  soldier  serves  now  only 
for  short  |>eriods  (in  the  West  Indies  for  three  or  four  years,  in  India  under 
the  new  regulations  of  short  service,  seven  or  eight  years  at  most),  and 
duj'iiig  this  time  he  may  be  for  some  years  on  the  Mils,  or  at  any  rate  in 
elevated  spots.  The  old  statistical  reports  of  the  army  pointitd  out  that  the 
mortality  in  the  West  Indies  augmented  regularly  with  prolongation  of  ser- 
vice, and  it  may  be  said  that,  after  aU,  the  lessened  sickness  and  mortality 
in  the  tropics  is  owing,  in  some  degree,  to  avoidance  by  sliort  service  of  the 
influence  of  climate.  But  as  the  whole  long  service  was  constantly  passed 
under  the  unfavourable  sanitary  conditions  now  removed,  it  does  not  follow 
that  the  inference  to  be  drawn  from  the  statistical  endence  as  to  length  of 
service  is  really  correct. 

Facta  prove,  then,  that  under  favourable  sanitary  conditions  (general  and 
personal)  Europeans,  during  short  service,  may  be  as  healthy  as  at  home, 
aa  far  as  shown  by  tables  of  sickjie,ss  and  mortality,  and  it  is  not  certain 
tiiat  long  service  brings  with  it  different  results. 

It  may,  however,  be  urged  that,  admitting  that  a  non-malarious  tropical 
climate,  per  «^,  may  not  increase  sickness  or  mortality  duiing  the  most 
vigorous  years  of  life  (and  it  is  then  only  that  Europeans  ai^e  usiudJy  sub- 
jected to  it),  it  may  yet  really  diminish  health,  lessen  the  vigour  of  the 
l^ody,  and  diminish  the  expectation  of  life. 

We  have  no  evidence  on  the  latter  p^int.     With  respect  to  the  former,  it 

•'Will  be  well  to  see  what  is  known  of  the  effects  of  cliinatie  agencies  on  the 
frame. 

The  influences  of  locality  and  climate,  as  far  as  they  are  connected  with 
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soil  and  water,  haTe  been  sufficiently  discussed.  The  climatic  conditiaiis 
most  closely  (thougli  by  no  meaiis  solely)  connected  with  air  will  now  be 
briefly  reviewed*  These  are — temperature^  humidity,  movement,  weighty 
composition,  and  electrical  condition,  and  tlie  amount  of  light. 


SECTION  I. 


TEMPEKATUKE. 


The  amount  of  the  sim^s  rays;  the  mean  temperature  of  the  air;  the 
variations  in  temperature,  both  periodic  aiid  uon-periodic ;  and  the  length 
of  time  a  liigh  or  low  temperature  lasts,  are  the  most  important  poinle. 
Temperature  alone  has  been  made  a  ground  of  claasification. 

(a)  Eipmhle  or  insular  cli mates  ;  t,e.,  with  alight  yearly  and  diurnal  vana- 
tions ;  this  condition  being  due  to  the  proximity  to  the  sea,  which  tends  to 
equalise  the  temperature  ;  as  the  specific  heat  of  water  is  great,  it  takes  a  long 
time  to  be  heated,  or  to  be  cooled ;  the  heat  is  slowly  absorbed  and  slowly 
given  out,  therefore  the  temperature  of  the  neighbouring  air  is  equalised. 

{b)  Extreme  GT  continental;  i.e.,  with  great  variations;  the  conditions 
being  the  reverse  of  tliose  just  stated. 

The  effects  of  heat  cannot  he  dissociated  from  the  other  conditioiiB ;  it  is 
necessary,  however,  briefly  to  notice  them. 

The  effect  of  a  certain  degree  of  temperature  on  the  vital  prooeasea  of  a 
race  dwelling  genemtion  after  generation  on  the  same  spot,  is  a  question 
which  has  as  yet  received  no  sort  of  answer.  Does  the  amount  of  heat  per 
stf  independent  of  food  and  all  other  conditions,  affect  the  development  of 
mechanical  force  and  temperature,  and  the  coincident  various  pr«:>cesses  of 
formation  and  destruction  of  the  tissues  ?  Is  tliere  a  difference  in  tliese 
respecte,  and  in  the  resulting  action  of  the  eliminating  organs,  in  tjie  inhabi- 
tants of  the  equator  and  of  50*  or  60*  N.  lat  ?  This  is  entirely -a  problem 
for  the  future,  but  thc^re  is  no  class  of  m^n  who  have  more  opportunities  of 
stutlying  it  than  army  surgeons. 

The  problem  of  the  influence  of  temperature  is  generally  presented  to  as 
under  the  form  of  a  dweller  in  a  temperate  zone  proceeding  to  countries 
eitlier  colder  or  hotter  than  his  own*  It  is  in  this  restricted  sense  we  shall 
now  consider  it. 

With  regard  to  the  effect  on  the  Anglo-Saxon  and  Celtic  races  of  going  to 
live  in  a  climate  with  a  lower  mean  temperature  and  greater  variations  than 
their  own,  we  have  the  experience  of  Canada,  Nova  Scotia,  and  »ome  parts 
of  the  Northeni  ilmerican  States,  In  all  these,  if  food  is  good  and  plentiful, 
health  is  not  only  sustiiined,  but  is  perhaps  improved.  The  agricultnral 
and  outdoor  life  of  Canada  or  Nova  Scotia  is  perhai>s  the  cause  of  this ;  but 
certain  it  is  that  in  those  countries  the  European  not  only  enjoys  health, 
hut  produces  a  progeny  as  vigorous,  if  not  more  so,  than  that  of  the  parent  roce^ 
The  effects  of  heat  exceeding  the  temperate  standard  must  be  distin- 
guished according  to  origin  ;  radiant  heat,  or  the  direct  rays  of  the  sun, 
and  non-radiant  heat,  or  that  of  the  atmosphere*  In  tlie  latter  case, 
in  addition  to  heat,  there  is  more  or  less  rarefaction  of  the  air,  and  also 
coincident  conditions  of  humidity  and  movement  of  the  air,  which  must 
be  taken  into  accoynt.  The  influence,  again^  of  sudden  transitions^ 
from  heat  to  cold,  or  the  reverse,  has  to  be  considered.  Euro] 
from  temperate  climates  flourish,  apparently,  in  countries  not  it 
hotter  than  their  own,  as  in  some  parts  of  Australia,  New  Zeidand,  and 
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New  Caledonia,  aiid  apparently  the  vigour  of  the  race  has  iraproA^i^il.i 
But  there  is  a  general  impression  that  they  do  not  flotirish  in  countries  much 
hotter,  !>,,  with  a  yearly  mean  of  SO''  Fahr.  higher,  as  in  many  parts  of 
India ;  that  the  race  dwindles,  and  finally  dies  out ;  and  therefore  that  no 
acclimatisation  of  race  occurs.  And  certainly  it  would  appear  that  in  Intlia 
there  is  evidence  to  show  that  the  pure  race,  if  not  intermixed  with  the 
native,  does  not  reach  beyond  the  third  generation.  Yet  it  seems  only  right 
to  say  that  so  many  circumataneei^  besides  heat  and  the  other  elements  of 
climate  have  been  acting  on  the  English  race  in  Tndia^  that  any  conclusion 
opposed  to  acclimatisation  must  he  considered  aa  based  on  scanty  evidence. 
We  have  not  gauged  on  a  large  scale  the  effects  of  climate  pure  and  simple, 
uncomplicated  with  malaria,  bad  diet^  and  other  influences  adverse  to  health 
and  longevity.^ 

(a)  Injiuence  of  th/?  Direct  Mays  of  the  Sun, — It  is  not  yet  kno^vn  to  what 
temi>erature  the  direct  rays  of  the  tropical  sun  can  raise  any  object  on 
which  they  fall.  In  India,  on  the  ground,  the  uncovered  thermometer  will 
mark  160",  and  perhaps  212°  (Buist) ;  and  in  this  cotintry,  if  the  movement 
of  air  is  stopped  in  a  small  sfMice,  the  heat  in  the  direct  sun^s  rays  can  be 
raised  to  the  same  point.  In  a  box,  with  a  glass  top»  Sir  II.  James  found 
the  thermometer  mark  237*  Fahr,,  when  exj»osed  to  the  rays  of  the  sun,  on 
the  14th  July  1864.^  In  experiments  on  frogs,  when  timipcrature  much 
over  the  natural  amoimt  is  applied  to  nerves,  the  electrical  currents  through 
til  em  are  lessened,  and  at  last  stop,*  K  IL  Weber's  observations  sliow 
that  for  men  the  same  rule  holds  good ;  the  mo^st  favourable  temperature  is 
30'  R,  (  =  99 '*5  Fahr,),-^  It  appears  also  from  Kuhne's  experiments  that  the 
heat  of  the  blood  of  the  vertebrata  must  not  exceed  113"  Fahr.,  for  at  that 
temperature  the  myosin  begins  to  coagulate.**  Perhaps  this  fact  may  be 
connected  with  the  pathological  indication  that  a  very  high  temperature  in 
any  disease  (over  110*  Fahr.)  indicates  extreme  danger. 

To  what  temperature  is  the  skin  of  the  head  and  neck  raised  in  the  tropics 
in  the  sun*s  rays?  No  sufficient  experiments  have  been  made,  either  on 
this  point  or  on  the  heat  in  the  interior  of  caps  and  hats  with  and  without 
ventilation.  Doubtless,  without  ventilation,  the  heat  ab<;»ve  the  head  in  tlie 
interior  of  the  cap  is  very  great  It  is  quite  possible,  as  usually  assumed, 
that  with  bad  hea<lHlresses  the  heat  of  the  skin,  hones,  and  possibly  even  of 
the  deep  nerves  and  centres  (the  brain  and  cord),  may  be  greater  than  is 
accordant  with  perfect  preservation  of  the  ciu-rents  of  the  nerves,  or  of  Uie 
necessary  temperature  of  the  blood,  or  with  the  proper  fluidity  of  some  of 
the  albuminous  liodies  in  the  mtiscles  or  nerves. 

The  difficulty  of  estimating  the  exact  efi'ect  of  the  solar  rays  is  not 
only  cauBed  by  the  absence  of  a  sufficient  number  of  experiments,  but  by 

1  The  time-honoured  KupromAcy  of  the  mother  country  in  fi^ld  Bports  is  now  being  cloiely 
contested,  and  in  some  iustknc«:s  has  been  actually  won  from  her  by  the  youth  of  thefte  ooJouies. 

a  In  India  the  mortality  of  EnnuiAnd  (th»t  is,  the  mixefl  race  of  British,  Portugtiesi*, 
Hindtl,  M&Iay  blood,  miied  in  all  degroea)  appears  to  bu  below  that  of  the  most  ht^althy 
EuTopeaQ  lervice,  viz.*  the  Civil  Service.  Mr  Tait'iJ  facts,  **  On  the  MortAlity  of  EuraMians  ' 
iSttUuticai  Journal,  September  1864),  would  abow  that  this  mixed  race  will  uiaiutaiu  rt^eUin 
India, 

'  Mr  Syroons  baa  also  obtained  temperatun*  above  212*  F,  by  tlie  sam**  lueamt.  Oo 
the  otlier  hand»  the  Rev-  F.  Stow,  from  ob«n.Tvatiou*  ma*1e  with  the  ordinary  black  bulb  m 
•vactto  thermometer,  seldom  found  a  teniiKTatnre  id«>ve  140*  F.,  and  believes  that  154'  F.  i« 
the  highest  bud  temperature  regiNttn'iL  11  in  observations  i^xtcuded  over  five  yeara.  See 
CUmaU  and  Weaiker  in  India,  by  IL  F,  Blanford,  1889,  page  S. 

•  Eckhard,  B^^l^t  ZHUck,,  Band  X.  1^5,  1851. 

•  Weber,  Ludmo'a  Phy»,,  2nd  ed.,  vol  i.jn,  I2e$. 

•  Ludwig'a  L^hA  dtt  Phys.,  Band  ii.  p.  732.  For  a  coUocUon  of  data,  see  Dr  11,  C.  Wood, 
jun,,  ThermM  Fever,  1872,  p.  60. 
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the  common  presence  of  other  conditiona,  such  as  a  hot,  rarefied,  and  perhaM 
impure  air,  and  heat  of  the  body  produced  by  exercise,  which  is  not  attend^ 
by  perspiration.  Two  points  are  remarkable  in  the  history  of  beat  strokfl 
yiz.,  its  extreme  rarity  in  mid  ocean  ^  and  at  great  elevationa,^  In  boH 
cases  the  eflcct  of  the  sun's  rays,  per  se^  is  not  less,  is  even  greater^  tlmn  on 
land  and  at  seadevel ;  yet  in  both  he^t-stroke  is  uncommon  ;  the  temperature 
of  the  air,  however,  is  never  excessive  in  either  case. 

The  effect  of  the  direct  rays  on  the  skin  is  another  matter  requina 
investigation.     Does  it  aid  or  check  perspiration  ?    That  the  skin  gets 
there  is  no  doubt,  but  tliis  may  be  merely  from  rajjid  evaporation.     But 
the  nervous   currents  are  interfered  with,  the  vessels  and  the  amount 
secretion  are  sure  to  be  affected,  and  on  the  whole  it  seems  probable  thati 
physiological  effect  adverse  t^D  perspiration  is  produced  by  the  direct  m}*s 
the  Sim.     If  so,  and  if  this  is  carried  to  a  certain  point,  the  heat  ol  the  f 
must  rise,  and,  supposing  the  same  conditions  to  continue  (intense 
heat  and  want  of  perspiration),  may  pass  beyond  the  limit  of  the  ten 
ture  of  possible  life  (113°  Fahr,).^ 

The  effect  of  intense  radiant  heat  on  the  respiration  and  heart  is  another 
point  of  great  moment  which  needs  investigation. 

The  pathological  effect  produced  by  the  too  intense  direct  rays  of  the  an 
ifl  seen  in  c>ne  or  two  forms  of  insolation,  and  consists  in  paralysis  of 
heart  or  the  respiration. 

A  form  of  fever  (the  Oatwits  of  some  'WTilers,  or  thermic  fever)  has 
supposed  to  be  caused  by  the  direct  rays  of  the  sun  combined  mth  excessive 
exertion.     Dr  Parkes   Hientions   a    case  of  this  kind  which  corresponde 
closely  to  the  description  in  hooks.     The  fever  lasted  for  several  days, 
its  type  was  not  in  accordance  with  the  hypothesis  that  it  was  a  niaJarioi] 
fever,  or  febricula,  or  enteric.     No  thermometric  observations  were 
on  the  patient. 

(b)  Fhat  in  Shade. — The  effect  of  high  air  temperatufe  on  the  native  of 
a  temperate  climate  passing  into  the  tropica  has  not  been  very  well  deter- 
niLiied,  anil  some  of  the  conclusions  are  di'awn  from  exi>erimenta  on  nnmmhi 
exposed  to  an  artificial  temperature, 

1.  The  ti'mpemture  of  the  body  does  not  rise  greatly — ^not  more  tlian  0**J 
or   r   Fuhr.  (John  Davy);  from  1"  to  IV  and  3"  (Eydaux  and  Brof 
Sequard).     In  some  experiments  not  pulilished  the  late  Dr  Becher  dei 
mined  his  own  temperature  in  a  very  careful  way  during  a  voyage  round  \ 
Cape  to  India.     He  fomid  the  hody-heat  increased,  and  in  the  proportion  ' 
0°05  Fahr.  for  every  increase  of  1"  Fahr.  in  the  air.     Rattray  also  found 
decided    increase,   varying   from   0''*2    Fahr.   to  1**2   Fahr. ;    the  grc4*te« 
increase  was  in  the  afteitioon.     We  may  conclude  that  the  tropical  he 
raises  the  temperature  of  the  body  of  a  new-comer,  probably  becjiuse  thj 
evaporation  from   the  skin  is  not  capable  of  counterbalancing  the   grea 
additionid  external  heat,  but  it  is  now  kno\\Ti  that  in  old  residents  the' 
some   fact   iloes   not   hold  good.      Brigade-8urgeon   J,   C,   Johnston   lias 
recorded  a  very  C4UM?ful   series   of  experiments,   made  on  soldiers  of  at 

1  l*he  cartes  of  iusolatiou  in  a  narrow  sea  like  the  Bed  Sea  do  not  invalidttte  thU  role. 

s  ITiis  nmy  be  due  to  the  ab«enc«  of  radiation  from  the  ground ;  ground  r&diatioD  affecta 
unprotected  therm onieters  vary  markedly. 

'  In  the  TurkLsh  bath  it  may  sometime.'))  be  obgerred^  that  on  entering  the  hottest  ehambtr 
the  ftkin,  whioh  had  previoui^ly  been  acting  freely^,  b^mes  dry.    A  feeling  of  opimniaa 
accompanies  thiii^  but  relief  im  experienced  as  socm  as  per«phr«tioD  is  r(^eBtabliBfa» 
wotdd  seem  to  point  more  to  an  actual  arrest  of  ftinction  than  to  a  mere  drying  up  of  1 
secretion.    The  same  thing  in  a  modified  degree  may  oocur  in  a  tropical  climate,  in  wbk 
case  the  mtenaity  of  fever  will  depend  ttpon  the  time  that  elapies  before  ftcconusodAtioti  I 
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^^HPI^HH^HI  servico  in  India, ^  iti  the  station  of  Eellary.  The 
average  of  one  aeries  was  97 "-63,  ivnd  oi  another  97 "'94,  tlius  show- 
ing if  anything  a  sUght  lowering  from  the  nonnal  tempemture,  98* '4. 
Brigade-Surgeon  B<jileau,  from  a  kjng  series  of  observiitious  in  the 
West  Indies,  came  to  the  conclusion  that  there  was  no  nuiterial  rise. 
The  tempemture  of  the  body  is  the  result  of  the  opposing  action  of  two 
factors — 1^^,  of  development  of  heat  from  the  chemical  changes  of  tlic  food, 
and  hy  the  conversion  of  mechanical  energy  into  heat,  or  by  direct  absorii- 
tion  from  withotit ;  and,  2«r/,  and  opp<3sed  to  this,  of  evaporation  from  tho 
surface  of  the  body,  which  rcgidatc^s  internal  hexit.  So  beautifully  is  this 
balance  j)r<^strved,  that  the  stability  of  the  animal  tempemture  in  all  coun- 
tries  has  always  been  a  subject  of  marvel.  If  anything,  however,  prevents 
this  evapf^ration,  radiation  and  the  coolijig  effect  of  moviJig  wuid  camiot 
cool  the  liiKly  sufficiently  in  the  tropics.  Then,  no  doubt,  the  tempemture 
of  the  iMiMly  rises^  es|>ecially  if  in  addition  there  is  muscular  exertion  aiid 
prixluction  of  beiit  from  that  cause.  The  extreme  discomfort  always  attend- 
ing abnormal  heat  of  body  then  commences.  In  ex]>eriments  in  ovens, 
Blagden  and  Fordyce  Ijore  a  temperature  of  260°  with  a  small  rise  of  tem- 
perature (2V  Fahr.),  but  the  air  wtu?  dry,  and  the  heat  of  their  bodies  wag 
reduced  by  perspiration ;  when  the  air  in  ovens  is  very  moist  and  evapora- 
tion is  hindered,  the  tem|>erature  of  the  body  rises  rapidly.- 

2.  The  ri;spiratiom  are  lessened  in  numl>er  (Vierordt,  Ludwig)  in  aiiimiils 
subjeck^l  to  heat.  According  to  Vierordt,  less  carbon  ilioxide  ajid  pre- 
sumably less  water  are  eliminated.  Rfittniy''  pr<ivcd  by  a  great  number 
of  oliservations  that  the  number  of  respirations  is  lessened  in  perscjiia 
passing  from  a  cold  to  a  hot  climate.  The  u mount  of  diminution  varies ; 
in  Bomo  experiEients  the  fall  was  from  16 '5  respirations  per  minute  in 
England,  in  winter,  to  12  7  4  and  13*74  in  tlie  tropics.  In  another  series 
of  experiments  the  fall  was  from  17  "3  respirations  per  minute  to  161  ;  the 
breathing  is  also  gentler,  *',«.,  less  deep,  Rattray  has  also  shown  that  the 
epirometric  measurements  of  the  expired  air  ("vital  capacity"  of  Hutchin- 
son) incre^ises  in  the  tropica  and  falls  in  temperattj  climates,  the  average 
variation  lw?ing  abt*ut  8*7  i>er  cent,  of  the  total  spiromctric  measurements,* 
This  will  hold  good  at  all  ages,  but  is  less  at  cither  extreme  of  life,  and  is 
most  marked  in  persons  of  largest  frame  and  most  full  l;iloo<Ied.  The 
exphtnatiun  of  this  spirometric  increase  in  tlie  respiratory  action  of  the  lungs, 
as  compared  with  the  lessened  number  of  inspirations,  is  to  be  found,  accortl- 
ing  to  Eattray,  in  a  lessened  proportion  of  blood  and  a  lai^er  profKirtion  of 
air  in  the  Imigs  in  the  tropics,  and  this  is  borne  out  by  a  fact  presently  to  be 
noted,  of  the  les^seued  weiglit  of  the  lungs  in  Europeans  in  the  tropics. 

The  effect  of  the  lessened  number  of  respirations  is  (in  spite  of  the  spiro- 
mctric increase)  to  reduce  the  tiittil  respiratory  action  considerably,  liattray 
has  showii  that  the  average  amount  is  in  the  temperate  zone  (temp,  =54* 
Fahr.),  239*91  cubic  inches  per  miuute,  while  in  the  tropics  (  =  82*  Fahr.) 
only   195*69  cubic  inches  were  insjjired,  so  that  there  is  a  difference  of 

*  Anng  Medical  Revort^,  vol.  xviJL  p,  236. 

«  It  T^^v^  rvpn  7'  to  R"  FnTin  (T.iutwlg.  I^HHk  de*  PAy*,»  2Md  etHt,  IkJ,  ii,  p.  730),  Ob«*Rii*r'H 
JAtttv  ..  ly  [lift   Uitvchlafj^  Bonn,   1867),     Oljcrnlor  confirms  Ihu 

jwttli-  '  s  count  ly,     Fnttu  im  i*b»urvAli«m  of  luur  L•nfic^  of  heatstroke 

1%\n\  Ji  ..„  ,.,,,,,    ....         J.,,..  ..!.s  on  miiamlH  exijo^r^l  to  nHtHrijU  litat    li*    ««L,is  uU  ij|,j 
•tl'ecU  to  thti  fiuj^nentaU  tcniptrnturo  of  thw  botly^  whitili  cojiuot  cool  '  ion  from 

ilie  HtirfiM'f  luitl  Itjii;:!^  n^  ii«»nnr,     Pr  H,  C  W<>fHl,  jtjTi.,  ofHillrtflflfjlshi  {  7 
3  **0u  tlu-  Ki' 
8urgi«oii,  RN.,J  ..  -    ,      :        ,,,  .-'-...  ,- ,  ...  ,. 

*  Prwieedingt  q;  the  Roffol  Society ^  No.  IdW,  p^  'I. 
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36*85  cubic  feet  in  twenty-four  hours,  or  18*43  per  cent  in  fa%'our  ta  a 
teni|>erate  climate.^  If  10  ounces  of  carbon  are  expired  in  the  temperate 
zone,  only  8*  157  ounces  wouW  be  expired  in  the  tropics.  Is  there,  then^ 
greater  excretion  of  carbon  from  the  «kin,  or,  as  used  to  be  supposed,  from 
the  liver  1 

Dr  Francis  (Bengal  Army)  has  observed  that  the  lungs  are  lighter  aftt?! 
death  in  Europeans  in  India  thao  t!ie  European  atanilard.  Dr  Parkes 
made  a  similar  obserx'iitiyn  many  3^ears  ago,  and  recorded  it  in  a  work  on 
cholera,-  but  the  facts  were  few.  If  this  statement  he  contirmed,  it  would 
show  a  diminished  respiratory  function,  mid  would  acconl  ^^iih  Rattray "^ 
observations. 

3.  The  heati^s  action  has  been  usually  stated  to  be  quickened  in  the 
tn>pics,  hut  Rattray's  numerous  observations  show  that  this  is  incorrect ; 
the  average  jjulse  in  the  trtipicjs  was  lr»wer  hy  2|  bcat^  per  minute  than  in 
the  teniperLite  zone  In  experiments  mi  animals,  moderate  heat  does  not 
quicken  the  heart,  but  great  heat  does, 

4.  The  dk/edii^  powers  are  somewhat  lessened,  there  is  less  appetite,  lejs« 
desire  for  animal  foo+l,  and  more  wish  for  cool  fruit.  The  quantity  of  biitJ 
secreted  by  the  liver  is  not  increased,  if  the  stools  are  to  he  taken  ob  a 
guide  (Marshall,  in  1819,  Jolin  Davy,  Morehead,  Parkes),  though  Lawson 
believer  that  an  excess  of  colouring  matter  passes  out  with  the  stools ; 
nothing  is  known  of  the  condition  of  the  usual  liver  work* 

5.  The  skin  acts  much  more  than  usual  (an  increase  of  24  per  cent 
according  to  Rattray),  and  great  local  hyperemia  and  swelling  of  the 
papilloB  occur  in  new-€onicrs,  giving  rise  to  the  familiar  eruption  known  as 
**  prickly  heat"  In  process  of  time*,  if  exjxjsed  to  great  heat,  the  skin 
suffers  apparently  in  its  structure,  becoming  of  a  slight  yellowish  colour 
from,  pr<jbaljly,  [jigmcntary  deposits  in  the  deep  layers  of  the  cnlicle. 

6.  The  urine  is  lessened  in  quantity.  The  urea  is  lessened,  as  shown  by 
experiments  in  hot  seasons  at  home  and  during  voyages  {I>r  Forbes  Watson 
and  iJr  Becher).^  It  is  proljable  that  this  is  simply  from  lessenetl  food. 
The  pigment  has  been  supposed  to  be  increased  (Lawson),  but  this  is 
doubtful.  The  chloride  of  sodiimi  is  lessened;  the  amount  of  uric  and 
phosphoric  acids  is  uncertain. 

7.  The  effect  on  the  7«4^ri'r>i«  system  is  generally  considered  as  depre- 
and  exhausting,  t.f.,  there  is  less  general  vigour  of  mind  and  lx)dy.  Hut  a 
is  undoubted  that  the  greatest  exertions  }mth  of  mind  and  body  have  been 
made  l>y  Europeans  in  hot  climates.  Robert  Jackson  thought  as  much 
work  could  he  got  out  of  men  in  hot  as  in  temperate  climates.  It  is 
probable  that  the  depiessing  etlect^s  of  heat  are  most  felt  when  it  is  com- 
bined with  great  humidity  of  the  atmosphere,  so  that  evaporation  from  the 
skin,  and  consequent  lessening  of  bodily  heat,  are  partly  or  totilly  arre^sted.* 

The  most  exhausting  effects  of  heat  are  felt  when  the  heal  is  continuoas, 
i.«f.,  very  great,  day  and  night,  and  especially  in  sandy  plains,  where  the 

1  These  qaautitieti  aecai  very  small ;  witli  1  (J  or  17  respimtiottK  t>er  t&iiiute,  the  ntiniber  of 
cubic  inc^l)e>4  yet  iiifipiratiou  wauUl  be  only  IS  to  15 ;  whereas  30  u  u.'^UAlly  adopted  a*  tlie 
avemi^e  for  adults, 

«  Oji  AUjuU  Cfwkra,  by  B.  A.  Purke*,  M,D.,  p.  14  {1S47). 

*  These  exp^riiueiits  hitve  never  IjctiU  fully  jjubliwhe^l ;  they  were  made  during  vo^it^  to 
Bom^iay  and  Chiimj  wid  show  that  when  the  teaitif mture  reachtKl  a  certain  iwiot  (76"  in  Dr 
Becher's  eiperinieuts)  the  Bolida  of  the  urine  and  the  urea  leKseued  coosidcmbly  {Prooe^im^ 

*  See  Dr  KeuDeth  Maukiiiiioii'ji  Tretttite  en  Public  Healih^  p.  27,  oi.  ''  "'  '  '  *  ^  ' 
eXercUe  even  in  the  hot,  anil  umsi,  and  presumed  uiilit-Altliy  t  litnatt^ 

He  proves  that  ujeu  can  be  luuch  in  the  open  air,  even  in  the  hot  i  .         •' 

impunity,  and  that  when  "  they  take  excrcLse  they  are  m  the  liigh&ft  siUte  al  be<4lU«.*'  buU 
Dr  Mackiiinon  lielieveji  the  climate  i>»  exliatiating. 
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Pmir  18  mghly  rar<'Ji*5il  day  aud  night  There  is  then  wally  lesseueil  quantity 
^i  oxygen  in  a  given  cubic  space.  Add  to  this  fact  that  the  respirations  are 
ened,  and  we  have  two  factors  at  work  which  must  diminish  the  ingress 
^  oxygen,  and  thereby  le.^en  one  of  the  great  agents  of  metamorphosis. 

8.  Rattray  made  observations^  on  the  weight  and  heigkl  of  forty-eight 
naval  cadets,  aged  from  14^  tt^  17  years,  dnring  fonr  successive  changes  of 
dimate  durizig  a  voyage.  The  results  show  that  in  the  tropii^s  they 
increased  in  height  more  rapidly  than  in  cold  climates,  but  that  they  lost 
weight  verj'  considerably,  and,  in  spite  of  their  rapid  growth,  Rattray  con- 
cludes! that  the  heat  imf>aired  the  strength,  weighty  and  health  of  the^c  lads. 
His  figures  seem  conclusive  on  the^e  points,  and  show  the  beneficial  influence 
of  cold  on  youths  belonging  to  races  long  resident  in  temperate  cliraatejg. 

On  till?  whole,  even  when  sufficient  perspiration  keeps  the  lH3dy  tempera- 
ture within  the  hmits  of  health,  the  effect  of  great  heat  in  shade  seems  to  be, 
'  as  far  as  we  can  judge,  a  depressing  inHuence  lessening  the  nervous  activity, 
the  great  functions  of  digestion,  respiration,  sanguification,  and  directly  or 
indirectly  the  formation  and  destruction  of  tissues.  Whether  tlds  is  the 
heat  alone,  or  heat  and  lessened  oxygen,  and  great  humidity,  is  not  certain. 

So  liad  have  been  the  general  and  personal  hygienic  conditions  of 
Eurojieans  in  India,  that  it  is  imj>os3ible  to  say  what  amount  of  tlie  former 
great  mortality  in  that  country  was  due  to  excess  of  heat  over  the  temperature 
of  Kurope.  Nor  is  it  possible  to  determine  the  influence  of  hcsit  alone  on  the 
endemic  tlise^v^e^  of  Europeans  in  the  tropics — ^liver  disease  and  dysentery. 
There  is,  perhaps,  after  all,  little  immediate  coimection  between  heat  and 
liver  diseiise* 

Rapid  Changes  of  Temperature, — ^The  exact  physiological  effects  have  not 
yet  been  traced  out ;  and  these  sudden  vicissitudes  are  often  met  by  altered 
clotliingt  or  other  means  of  vaiying  the  temj^^ierature  of  tlie   body.     The 

»  greatest  influence  of  rapid  changes  of  temperature  appears  to  occur  \vhen  the 
etati?  of  the  bfxly  in  some  way  coincides  with  or  favours  their  action.  Thus, 
th<3  siiddeu  cliecking  of  the  profuse  perspiration  by  a  c^old  wind  producCvS 
catarrhs,  inflammations,  and  neuralgia.  It  is  astonishing,  however,  to  lind 
how  well  even  phthisie^il  persons  will  bear  gre-at  changes  of  temperature,  if 
_  they  arc  not  exposed  to  moving  currenU  of  air ;  and  there  can  be  little  doubt 
■  that  the  wonderfid  balance  of  the  system  is  soon  readjusted. 


SECTION  11. 
HUMI1>ITY. 


According  to  their  degree  of  humidity,  cKmates  are  divided  into  moist  and 
dry.  Professor  Tyiidall's  observations  have  shown  how  greatly  the  humidity 
of  the  au'  influences  climate,  by  hindering  the  passage  of  heat  from  the 
earth.  Am  far  as  the  body  is  concerned,  the  chief  effect  of  moist  air  is  exerted 
on  tlie  evajKiration  from  the  skin  and  lungs,  and  therefore  the  degree  of 
dryness  or  moisture  of  an  atmosphere  should  be  expressed  in  terms  of  tho 
relative  (ami  not  of  the  absolut**)  humidity,  and  should  always  be  taken 
in  connection  with  tlie  temperature,  movement,  and  density  of  the  air,  if 
i\ih  List  varies  much  from  that  of  seadevel.  The  evaporating  power  of 
an  atmosphere  which  contjiins  75  per  cent,  of  saturation  is  very  different, 

I  according  as  the  temperature  of  the  air  is  40*  or  80*.     As  the  temperature 
ri9e-««,  tho  evapirative  i>ower  increases  faster  than  the  rise  in  the  thermometer. 
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There  is  a  general  opinion  that  an  atmosphere  which  permits  free,  withoat 
excessive,  evaporation  is  the  best ;  but  there  are  few  precise  experiments. 

The  most  agreeable  amount  of  humidity  to  most  healthy  people  is  when 
the  relative  humidity  is  between  70  and  80  per  cent.  In  chronic  long 
diseases,  however,  a  very  moist  air  is  generally  most  agreeable,  and  allays 
cough.  The  evaporation  from  the  limgs  produced  by  a  warm  dry  atmosphere 
appears  to  irritate  them.  On  the  other  hand,  a  still  cold  atmosphere  is  dry, 
without  much  capacity  for  holding  moisture ;  so  that  the  bracing  effects  of 
the  cold  are  felt,  without  the  irritation  produced  by  too  rapid  evaporation 
from  the  respiratory  surface.  This  may  be  one  cause  (among  others)  of  the 
benefit  derived  in  winter  from  such  places  as  Davos,  &c. 

The  moist  hot  siroccos,  which  are  almost  saturated  with  water,  are  felt  as 
oppressive  by  man  and  beast ;  and  this  can  hardly  be  from  any  other  cause 
than  the  check  to  evaporation,  which  interferes  with  elimination  of  effete 
matters  by  transpiration,  and  the  consequent  rise  in  the  temperature  of  the 
body. 

It  is  not  yet  known  what  rate  of  evaporation  is  the  most  healthy.  Exces- 
sive evaporation,  such  as  may  be  produced  by  a  dry  sirocco,  is  well  borne  by 
some  persons,  but  not  by  all.  Probably,  in  some  cases,  the  physiological 
factor  of  perspiration  comes  into  play,  and  the  nerves  and  vessels  of  the  skin 
are  altered;  and  in  this  way  perspiration  is  checked.  We  can  harcUy 
account  in  any  other  way  for  the  fact  that,  in  some  persons,  the  dry  sirocco, 
or  dry  hot  land  wind,  produces  harshness  and  dryness  of  the  skin  and 
general  malaise,  which  possibly  (though  there  is  yet  no  thermometric  proof) 
may  be  caused  by  a  rise  of  temperature  of  the  body. 

From  the  experiments  of  Lehmann  on  pigeons  and  rabbits,  it  appears  that 
more  carbon  dioxide  is  exhaled  from  the  lungs  in  a  very  moist  than  in  a  dry 
atmosphere.  The  pathological  effects  of  humidity  are  intimately  connected 
with  the  temperature.  Warmth  and  great  humidity  are  borne  on  the  whole 
more  easily  than  cold  and  great  humidity.  Yet  in  both  cases,  so  wonderful 
is  the  power  of  adaptation  of  the  body  that  often  no  harm  results. 

The  spread  of  certain  diseases  is  supposed  to  be  intimately  related  to 
humidity  of  the  air.  Malarious  diseases,  it  is  said,  never  attain  their  fulle-st 
epidemic  spread  unless  the  humidity  approaches  saturation.  Plague  and 
smallpox  are  both  checked  by  a  very  dry  atmosphere. 

In  the  dry  Harmattan  wind,  on  the  west  coast  of  Africa,  smallpox  cannot 
be  inoculated ;  and  it  is  said  that  cowpox  is  kept  up  with  great  difficulty  in 
very  dry  seasons  in  India. ^  Yellow  fever,  on  the  other  hand,  seems  less 
dependent  on  moisture,  or  will  at  any  rate  prevail  in  a  dry  air.  The  obser- 
vations at  Lisbon,  which  Lyons  recorded,  show  no  relation  to  the  dew-point. 

With  regard  to  other  diseases,  and  especially  to  diseases  of  sanguification 
and  nutrition,  observations  are  much  needed. 

SECTIOX  in. 

MOVEMENT  OF  AIR. 

This  is  a  very  important  climatic  condition.  The  effect  on  the  body  is 
twofold.  A  cold  wind  abstracts  heat,  and  in  proportion  to  its  velocity ;  a 
hot  wind  carries  away  little  heat  by  direct  abstraction,  but,  if  dry,  increases 
evaporation,  and  in  that  way  may  in  part  counteract  its  own  heating  power, 

1  At  Ulwar  in  Rajpiitana,  I  was  informed  by  Dr  French  Mullen  that  he  found  no  difficulty 
in  carrying  on  vaccination  during  the  hot  weather.— y.Z/.X 
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Both,  probably,  act  on  the  structure  of  the  nerves  of  the  skin  and  on  the 
contractility  of  the  cutaneous  vessels,  and  may  thus  influence  the  rate  of 
evaporation,  and  possibly  affect  also  other  organs. 

The  amount  of  the  cooling  effect  of  moving  bodies  of  air  is  not  easy  to 
determine,  as  it  depends  on  three  factors,  viz.,  the  velocity  of  movement,  the 
temperature,  and  the  humidity  of  the  air.  The  effect  of  movement  is  very 
great  In  a  calm  atmosphere  an  extremely  warm  temperature  is  borne  with- 
out difficulty.  In  the  Arctic  expeditions  calm  air  many  degrees  below  zero 
of  Fahr.  caused  no  discomfort  But  any  movement  of  such  cold  air  at  once 
chills  the  frame.  It  has  been  asserted  that  some  of  the  hot  and  very  dry 
desert  winds  will,  in  spite  of  their  warmth,  chill  the  body ;  and  if  so,  it  can 
scarcely  be  from  any  other  reason  than  the  enormous  evaporation  they  cause 
from  the  skin.  It  is  very  desirable,  however,  that  this  observation  should 
be  repeated,  with  careful  thermometrical  observations  both  on  the  body  in 
the  usual  way  and  on  the  surface  of  the  skin.     . 

SECTION  IV. 

WEIGHT  OF  THE  AIR. 

Efffcts  of  Considerable  Lessening  of  Pressure, 

When  the  difference  of  pressure  between  two  places  is  considerable,  a 
marked  effect  is  produced,  and  there  seems  no  doubt  that  the  influence  of 
mountain  localities  is  destined  to  be  of  great  importance  in  therapeutics.  It 
is  of  peculiar  interest  to  the  army  surgeon,  as  so  many  regiments  in  the 
tropics  are,  or  will  be,  quartered  at  considerable  elevations. 

In  ascending  mountains  there  is  rarefaction,  i.e.,  lessened  pressure  of  air; 
on  an  average  (if  the  weight  of  the  air  at  sea-level  is  15  fi>  on  every  square 
inch)  an  ascent  of  900  feet  takes  off  ^  lb ;  but  this  varies  with  height ; 
about  one-eighth  of  the  atmospheric  pressure  is  lost  at  2500  feet,  a  sixth  at 
5000  feet,  a  quarter  at  7500  feet,  and  at  16,000  feet  about  one-half. i  There 
are  also  lowered  temperature  and  lessened  moisture  above  4000  feet,  greater 
movement  of  the  air,  increased  amount  of  light,  greater  sun  radiation  if 
clouds  are  absent ;  the  air  is  freer  from  germs ;  owing  to  the  rarefaction  of 
the  air  and  lessened  watery  vapour,  there  is  greater  diathermancy  of  the 
air ;  the  soil  is  rapidly  heated,  but  radiates  also  fast,  as  the  heat  is  not  so 
much  held  back  by  vapour  in  the  air,  hence  there  is  very  great  cooling  of  the 
ground  and  the  air  close  to  it  at  night 

The  physiological  effects  of  lessened  pressure  begin  to  be  perceptible  at 
2800  or  3000  feet  of  altitude  (  =  descent  of  2^  to  3  inches  of  mercury); 
they  are — quickened  pulse  ^  (fifteen  to  twenty  beats  per  minute) ;  quickened 
respiration  (increase  =  ten  to  fifteen  respirations  per  minute),  with  lessened 
spirometric  capacity,^  increased  evaporation  from  skin  and  lungs ;  lessened 
urinary  water.*     At  great  heights  there  is  increased  pressure  of  the  gases  in 

1  Climate  and  Health  Resorts,  by  Dr  Barney  Yeo. 

3  Balloon  ascents,— Biot  and  Gay-Lussao  at  9,000  feet=incr.  of  18  to  30  beats  of  the  pulse 
Glaisher,         .  at  17,000   „  =       „     10  to  24  „ 

„  .  at  24.000  „  =       „     24  to  31  „ 

The  beats  seem  to  augment  in  number  with  the  elevation.  These  are  safer  numbers  than  those 
obtained  in  mountain  ascents,  as  there  is  no  physical  exertion.  In  mountain  climbing  the 
increase  is  much  greater. 

'  Battray  found  an  ascent  of  2000  feet  (at  Ascension)  lessened  the  *'  vital  capacity,"  as  judged 
of  by  the  spirometer,  from  266  to  249  and  243  cubic  inches. 

*  Vivenot,  Virchoto^s  Archiv,  1860,  Band  xix.  p.  492.    This  is  probable,  but  not  yet  proved. 
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the  bxly  against  the  contamiog  parts ;  sweliiiig  of  superficial  vessels,  and 
occasionally  bleeding  from  the  nose  or  lungs.  A  eensation  of  wei^lit  is  felt 
ill  the  limbs  from  the  lessened  pressure  on  the  joints*  At  altitudes  under 
6000  or  7000  feet  the  effect  of  momitain  air  (which  is,  perliaps,  not  owing 
solely  to  lessened  pressure,  hut  also,  possibly,  to  increased  light  and  pl4?4i- 
surahle  excitement  of  the  senses)  is  to  cause  a  verj  marked  imj^rovement  in 
digestion,  sanguification,  and  in  nervous  and  muscular  vigour.^  It  is  inferred 
that  tissue  change  is  accelerated,  but  nothing  definite  is  known. 

Tln^  rapid  evaporation  at  elevated  positions  is  certamly  a  most  important 
element  of  moiintaiii  hygiene.  At  Puehla  and  at  Mexico  the  hygrometer  of 
Saussure  will  often  mark  37 ^  which  is  equal  t-o  oidy  45  per  cent,  ijf  satuiti- 
tion^^  and  yet  the  lower  rooms  of  the  houses  are  very  humid,  so  that  in  the 
town  of  Mexico  there  are  really  two  cliiuat^^s, — one  very  moist,  in  the 
rez-d€'Chaiis»^e  of  the  houses  ;  one  very  dry,  in  tlie  upper  rooms  and  tho  out- 
side air. 

The  diminution  of  oxygen,  in  a  certtiin  cidjic  space,  is  precisely  as  tho 
jjres8ure,  and  can  he  calculated  f(»r  any  height,  if  the  barometer  is  noted. 
Taking  dry  air  only,  a  cubic  foot  of  air  at  30  inches,  and  at  32"  Fahr.,  con- 
tains 130*4  grains  of  oxygen.     An  ascent  (aliout  5000  feet)  which  reduces 

the  barometer  to  25  inches  will  lessen  this  jlth,  or  ( -       o,^        )  =  108  "6 

grains.  But  it  is  supposed  that  the  increixsed  number  of  respinitious  com- 
pensates, UT  more  so,  for  this ;  and,  in  addition,  it  must  he  remembered  that 
in  exjieriments  on  animals,  as  long  as  the  percentage  of  oxygen  did  not  sink 
below  a  certain  point  (14  per  cent.),  as  niueh  was  absorb^  into  the  blood  as 
when  the  oxygen  was  in  normal  proportion,  Jourtlanet  has  indeed  asserted^ 
that  the  usual  notion  that  the  respirations  are  augmented  in  number  in  the 
inhabitants  of  high  lands  is  **  completely  erroneous  " ;  that  the  reepirations 
are  in  fact  lessened,  and  that  from  time  to  time  a  deeper  respiration  is  volnn- 
Utrily  made  as  a  partial  compensation.  But  Goindet,  from  1500  observations 
on  French  and  Mexicans,  does  not  confinn  this  ;  the  mean  number  of 
respirations  was  19*36  per  minute  for  the  French,  and  20*297  for  the 
Mexicans. 

As  a  curative  agent,  mountain  air  (that  ia,  the  consequences  of  lessened 
pressure  chiefly)  ranks  very  high  in  all  amemic  affections  from  whatever 
cause  {malaria,  haemorrhage,  digestive  feebleness,  even  lead  and  mercury 
poisoning) ;  and  it  would  appear,  from  Hermann  Weber^s  observations,  tluit 
the  existence  of  valvular  heart  disease  is,  if  proper  rules  are  observed,  no 
contra-indication  against  the  lower  elevations  {2000  to  3000  feet).  Xeurulgia, 
gout,  and  rheumatism  are  all  benefited  by  high  Alpine  positions  (H.  Weber). 
Scrofula  and  consumption  have  been  long  known  to  he  rare  among  the 
dwellers  on  high  lands,  and  the  curative  eil'ect  of  such  places  on  these 
diseases  is  also  marked ;  but  it  is  posisible  that  the  open-air  life  which  is  led 
has  an  influence,  as  it  is  now  known  that  great  elevation  is  not  necessary  for 
the  cure  of  plithisis,* 

Dr  Hermann  Weber,  in  liis  important  work  on  the  Swiss  Alps  (p.  22), 


1  Hermjuiu  Weimar  Climate  of  the  S\eis$  Atps^  1864,  p.  17. 

'  Joimlftuet,  />i*  MexiqWf  p.  49. 

^  Du  Mt^rif/uff  p.  70. 

*  Some  titnt?  ugo  a  reniorkable  n&per  was  puliUbhed  by  Dr  Jame«  Bl&ke,  of  CAlifoniuw  on  tli« 
treatment  of  pbthisij*  {Pac{fic  Medical  Journal^  1860).  He  n  '  - '  '  '  i^  n  of  ruAking  liui 
paUent^  live  tn  the  open  Mr  ;  in  the  guuimur  iiionth.s  he  i;.  nt  ii'iitliout  m\y 

ient :  the  result  was  an  a stoniBhiug  improvement  in  dige^ttio];  \.  '*'**  i  *^^  rpsist- 

imws  to  any  ill  effects  from  cold  and  wtt  is  di-Hcriberl  as  iiiarvelloiJL»r  Ai>  Dr  Blake  is  Well 
known  to  be  perfectJy  trustworthy,  thew»  statcnicnta  ore  worthy  of  dl  considexatioa. 


N 


^ 
^ 

t 


EFFECTS   OF  TXCREASED   PRESSURE  OF  THE   ATMOSPHERE,       407 

has  given  the  present  c^'idence,  jmd  has  shown  how  in  tho  true  Alpine 
region — in  Dauphine^  in  Peru  iind  Mexico,  and  in  Germany — phthisis  is 
decidedly  avert<?d  or  prevented  by  high  altitudes.  TJie  more  recent  ex- 
j>ericoce  of  Dsivos  Platz  ia  confinnatory. 

iilth<*ugh  on  the  Alps  jihthisis  is  arrested  in  strangei-s,  in  many  pliicea 
the  Swiss  women  c:»n  the  lower  heights  suffer  greatly  from  it ;  tho  cause  is  a 
social  one :  the  women  employed  Lu  making  embroidery  congregate  all  day 
in  small,  ill- ventilated,  hnv  rooms,  where  they  are  oft^n  obHged  to  he  in  a 
cons  train  I'd  position ;  their  fo<jd  is  poor  in  qnality.  Scrofida  is  very  common. 
The  men,  who  live  an  open-air  life,  are  exempt ;  therefore,  in  the  very  place 
where  strangers  are  getting  well  of  phthisis  the  natives  die  from  it, — 
anotlier  inst^inee  that  we  must  look  to  local  conditions  and  sociaJ  habits  for 
the  great  cause  of  phthisis  ;  that  is,  th/it  in  most  cases  this  disease  is  due  to 
the  breathing  of  impure  air,  containing  the  infective  bacillus.  It  would  even 
seem  possible  that,  after  all,  it  is  not  indeed  elevation  and  rarefaction  of  air, 
but  simply  plenty  of  pure  air  and  exercise  wliich  are  the  great  agente  in  th« 
enre  uf  phthisis. 

Jourdanet,  who  diiffrs  from  s<>  much  that  is  commonly  accepted  on  this 
point,  gives  additional  evidence  on  the  elfect  of  elevation  on  phthisis.  At 
Vera  Cruz  phthisis  is  common  ;  at  Puebla  and  on  the  Mexican  heights  it  is 
ahnost  absent  {a  peu  prh  nulle). 

The  diseases  for  which  moimtain  air  is  least  useful  are — rheumatism^  at 
the  lower  elevations  where  the  air  is  moist  (above  this  rheumatism  is  im- 
proved), and  chronic  infliinimatory  aifections  of  the  bronchial  tubes  and 
pleum,  and  neuralgia.  The  "  moimtain  asthma "  appears,  however,  from 
Wel>er^s  observations,  to  be  no  specific  disease,  but  to  be  comjnon  pulmonary 
emphyaema  following  ctironie  bronchitis. 

It  seems  likely  that  pneumonia,  pleurisy,  and  acute  bronchitis  are  more 
common  in  higher  Alpine  regions  than  lower  down. 

Effects  of  Im^reajurd  Pressure. — The  eifects  of  increased  pressure  have  been 
noticed  in  persons  working  in  diving-bells,  caissons,  &c*,  and  in  those  sulv- 
mitted  to  treatment  by  compressed  air,  especially  at  Lyons  and  at  Reichen- 
hall,^  When  the  pressure  is  increased  to  from  1;J  to  2  atmospheres,  the 
pulse  becomes  slower,  though  this  varies  in  individual  cases;  the  mean 
lessening  is  10  heats  per  minute  ;  the  respirations  are  slightly  lessened 
(1  |»er  minute);  evaporation  from  the  skin  and  lungs  is  said  to  be  lessened  (1); 
tliere  is  some  recession  of  blootl  from  tlie  peripheral  parts  ;  there  is  a  little 
ringing  and  sometimes  pain  in  the  ears  ;  hearing  is  more  acute ;  the  urine  is 
increased  in  quantity  ;  appetite  is  incrcjised  ;  it  is  said  men  will  work  more 
vigorously.  \Mien  tho  pressure  is  much  greater  (tw^o  or  tlnee  atmospheres), 
the  effects  are  sometimes  very  marked ;  great  lowering  of  the  pulse»  heavi- 
ness headache,  and  sometimes  deafness.  It  is  said  ^  that  more  oxygen  is 
absorbed,  and  that  the  venous  blood  is  as  red  as  the  arterial ;  the  skin  also 
flometiines  acts  more,  and  there  may  even  be  sweating.  The  main  efi'ect  is  to 
lessen  the  quantity  of  hkxxi  iji  the  veins  and  auricles,  and  to  increase  it  in 
the  arteries  and  ventricles  ;  the  filling  of  the  ventricle  during  the  relaxation 
takes  place  more  slowly.  The  diastolic  interval  is  lengtliened^  and  the  pidse 
is  therefore  slower, 

When  the  workmen  leave  the  compressed  air  they  are  said  to  efufer  from 
luBmorrhages  and  occasional  nervous  affections,  which  may  be  from  cerebral 

t  For  nn  account  of  the  efT«ds  noted  At  UciobenhftU,  fee  Dr  Burdoft-SAndenou'i  accottat 
in  Thi  Prv^4iiumrr,  No.  h,  1868,  ji,  221. 
*  Foley,  **  Du  Travail  cluus  1  air  comprint*,**  <?«.  ItebdoTrk,  1863,  No.  SSL 
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or  Bpiiial  hffimorrliage.^     As  a  curative  agent  in  phthisis,  the  eridence  m 
unfavourable. 

Sorne  observations  marie  by  M.  Bert  -  show  that  oxygen,  when  it  enter? 
the  blood  under  pressure  (such  as  that  given  by  17  atmospheres  of  atmo- 
spheric air,  or  3i  atmosj>heres  of  pure  oxygen),  is  t-ojtic  to  birds,  producing 
convulsions.  Convulsions  are  produced  in  dogs  when  the  pressure  is  onJy 
7  or  8  atmospheres  and  when  the  oxygen  amounts  to  only  double  the  nor- 
malj  or»  in  other  words,  reaches  32  c.c.  per  ICM)  ex.  of  blood.  M.  Bert 
conjectured  that  the  tojcic  influence  of  oxygen  was  on  the  nervous  centres, 
like  strvchnine.  The  animal  temperature  fell  2  or  3  degrees  (C.)  during  the 
convulsions,  so  tliat  excess  of  oxygen  did  not  cause  increased  combustion. 
In  the  case  of  a  dog  kept  under  a  pressure  of  9i  atmospheres  for  some  timet 
ga.^  was  foniid  in  the  ventral  cavity  and  in  the  areolar  tissue.  In  man  the 
pressm^e  of  only  5  atmospheres  appears  to  he  dangerous,* 


Is  AedimcUisation  pixtsiMe  f 

The  doctrine  of  acclimatisation  has  been  much  debated,  but  probably  we 
do  not  know  sufhciently  the  physiological  conditions  of  the  body  under 
different  circimistances.  In  the  case  of  Europeans  li\dng  till  puberty  in  a 
temperate  region,  neai  the  sea-level,  and  in  a  moist  climate  like  Kngland^ 
and  then  going  to  the  tropics,  the  question  of  acclimatisation  would  be  pat 
in  this  forni,^ — ^Docs  the  body  accommodate  itself  to  greater  heat,  to  lessened 
humidity  in  some  cases,  or  greater  in  others,  and  to  varying  altitudes! 

There  can  ha  little  doubt  that  the  body  does  accommodate  itself  within 
certain  limits  tt>  greater  heat,  as  we  have  seen  that  the  lungs  act  less,  the 
skin  more,  and  that  the  circulation  lessens  when  Englishmen  pass  into  the 
tropics.  There  is  so  far  an  accomraodatiou  or  alteration  impressed  on  tlie 
functions  of  the  Ixnly  by  unwonted  heat.  And  we  may  believe  that  this 
i*{fect  is  permanent,  i'.^'.,  that  the  lungs  continue  to  act  less  and  the  skin 
more,  as  long  as  the  EuTOpeans  remain  in  the  tropics.  Doubtless,  if  the  race 
were  jjerpetuated  in  the  tropica,  succeeding  generations  woiild  show  fixed 
alterations  in  these  organs. 

We  may  conclude  that  the  converse  holds  tme,  and  that  the  cold  of  tern- 
[>erate  regions  will  influence  natives  of  the  tnipics  in  an  opprksite  way,  and 
tills  seems  to  be  rendered  likely  by  the  way  in  wdiich  lung  aflections  oiiae 
in  many  of  them. 

We  may  admit  there  is  an  acclimatisation  in  this  sense,  but  in  no  other. 
Tlie  process  is  one  of  adaptation  rather  than  acclimatisation.  The  usual 
belief  that  the  constitution  acquires  in  some  way  a  pf>wer  of  resisting  mi* 
healthy  influences — that  is,  a  power  of  not  being  any  longer  susceptible  to 
them — is  not  supported  by  any  good  evidence.  Tlie  lungs  in  Europeans  iriU 
not  regain  their  ^veight  and  amount  of  action  in  the  tropics  ;  a  change  to  a 
cold  climate  only  will  cause  this  ;  the  skin  retains  its  increased  function  until 
the  cause  producing  it  is  removed.  So  also  there  is  no  acclimatisation  in 
any  sense  of  the  word  for  malaria.* 

>  See  LimoufiiQ,  in  CanetaL  1863,  Bwd  iL  p.  105,  and  Babingtoii  in  Dublin  QMorCfflv 
Journal,  Nov.  1863, 

*  Chenn^l  NetM,  M&rch  28,  1973. 

*  In  the  colliery  Accident  ut  PoDt-v^Prydtl,  several  mea  were  coofiuf^d  for  teii  days  in  a 
siimll  Bjmce,  iu  which  the  air  wan  rinicfi  compressed-  The  exact  preasnire  is  unknown,  hat  it 
was  »umcit'ut  to  drive  one  of  the  pien,  with  ffttftl  force,  into  the  opening  mode  for  their 
ni--4cue.  Although  the  men  were  without  food  all  the  time,  they  appeared  to  have  sufffiTtttt 
h'ss  than  might  have  been  anticipated. 

*  At  the  Interimtioiial  Medical  Con^re^  at  Berlin  (1890),  Professor  Stokvis  statwl,  ft^m 
the  nsaQlt4»  of  a  long  extended  inquiry  into  the  effect  oi  climato  on  different  races  of  peopli^ 
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SECTION  V. 
COMPOSITION  OF  THE  AIR. 

The  proportionate  amounts  of  oxygen  and  nitrogen  remain  very  constant 
in  all  countries,  and  the  range  of  variation  is  not  great 

So  also,  apart  from  the  habitations  of  men,  the  amount  of  carbon  dioxide 
is  (at  elevations  occupied  by  men)  constant.  The  variations  in  watery 
vapour  have  been  already  noticed. 

The  only  alterations  in  the  composition  of  the  air  which  come  under  the 
head  of  climate  are  changes  in  the  state  in  which  oxygen  exists  (for  no 
change  is  known  to  occur  in  nitrogen),  and  the  presence  of  impurities. 

Sub-Section  I. — Ozone. 

Ozone  is  now  admitted  by  most  chemists  to  be  an  allotropic  condition  of 
oxygen ;  and,  as  conjectured  by  Odling,  it  is  now  believed  that  it  is  a  com- 
pound molecule  made  up  of  three  molecules  (Ofi)  of  oxygen.  The  so-called 
antozone  is  now  believed  to  be  peroxide  of  hydrogen  diffused  in  a  large 
quantity  of  atmospheric  air.  Variations  in  the  amount  of  ozone  have  been 
supposed  to  be  a  cause  of  climatic  difference,  but,  in  spite  of  all  the  labour 
which  has  been  given  to  this  subject,  the  evidence  is  very  inconclusive. 
The  reaction  with  the  ozone  paper  is  liable  to  great  fallacies.^  Yet  it  seems 
clear  that  some  points  are  made  out :  the  ozonic  reaction  is  greater  in  pure 
than  impure  air;  greater  at  the  sea-side  than  in  the  interior;  greater  in 
mountain  air  than  in  the  plains ;  absent  in  the  centre  of  large  towns,  yet 
present  in  the  suburbs ;  absent  in  an  hospital  ward,  yet  present  in  the  air 
outside.  In  this  country  it  is  greater  with  south  and  west  winds ;  greater, 
according  to  Moffat,  when  the  mean  daily  temperature  and  the  dew-point 
temperature  are  above  the  mean ;  the  same  observer  found  it  in  increased 
quantity  with  decreasing  readings  of  the  barometer,  and  conversely  in 
lessened  quantity  with  increasing  readings. 

Tlie  imperfections  in  the  test  render  it  desirable  to  avoid  drawing  conclu- 
sions at  present ;  but  one  or  two  points  must  be  adverted  to. 

1.  Owing  probably  to  the  oxidising  power  of  ozone  when  prepared  in  the 
laboratory,  a  great  power  of  destruction  of  organic  matter  floating  in  the  air 
has  been  ascribed  to  ozone  by  Schonbein,  and  the  absence  of  ozone  in  the  air 
has  been  attributed  by  others  to  the  amount  of  organic  matter  in  the  air  of 
towns.  Even  the  cessation  of  epidemics  (of  cholera,  malarious  fevers)  has 
been  ascribed  to  currents  of  air  bringing  ozone  with  them.  The  accumula- 
tion of  malaria  at  night  has  been  ascribed  to  the  non-production  of  ozone  by 
the  sun's  rays  (Uhle).  The  effect  of  stagnant  air  in  increasing  epidemics 
has  also  been  ascribed  to  the  absence  of  ozone. 

It  seems  clear  that  the  substance  giving  the  reactions  of  ozone  is  neither 

that  the  conclusion  he  arrived  at  was,  **  that  the  power  of  resistance  of  the  healthy  adnlt 
European  living  in  the  tropics  quite  equals,  and  in  some  measure  is  even  su^^erior  to,  the 
vital  power  of  tne  native  races."  On  the  other  hand,  there  are  certain  peculiarities  of  the  race 
which  have  been  gradually  acquired  by  inheritance  from  generation  to  generation,  and  that 
the  longer  the  European  resides  in  the  tropics  the  more  likely  is  he  to  lose  his  superior  resist- 
ing powers ;  and  it  is  possible  that  the  European  Creole  is  both  bodily  and  mentally  inferior 
to  the  EvLTO\Mi&n.—The  Jxincety  September  30,  1890. 

1  The  subject  of  ozone  will  be  found  fully  discussed  by  Dr  C.  Fox  (Ozone  and  AntOMone, 
1873).    The  causes  of  fallacy  in  the  testa  are  careftdly  explained. 
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deficient  in  marshy  districts,  nor,  when  ozone  is  conducted  through  maish 
dew,  does  it  destroy  the  organic  matter.^ 

2.  On  account  of  the  irritating  effect  of  ozone  when  rising  from  an 
electrode,  Schonbein  believed  it  had  the  power  of  causing  eatarrh,  and 
inferred  that  epidemics  of  influenza  might  be  produced  by  it.  He  attempted 
to  adduce  evidence,  but  at  present  it  may  safely  be  said  that  there  is  no 
proof  of  such  an  origin  of  epidemic  catarrhs. 

3.  A  popular  opinion  is,  that  a  climate  in  which  there  is  much  ozone 
(i.e.,  of  the  substeuice  giving  the  reaction  with  potassium  iodide  and  starch 
paper)  is  a  healthy,  and,  to  use  a  common  phrase,  an  exciting  one.  The 
coincidence  of  excess  of  this  reaction  with  pure  air  lends  some  support  to 
this,  but>  like  the  former  opinions,  it  still,  wants  a  sufficient  experimental 
basis. 

On  the  whole,  the  subject  of  the  presence  and  effects  of  ozone,  curious 
and  interesting  as  it  is,  is  very  imcertain  at  present;  experiments  must 
be  numerous,  and  inferences  drawn  from  them  must  be  received  with 
caution. 

Sub-Section  II. — Malaria. 

The  most  important  organic  impurity  of  the  atmosphere  is  malaria,  and 
when  a  climate  is  called  "  unhealthy,"  in  many  cases  it  is  simply  meant  that 
it  is  malarious.  In  the  chapters  on  Soils  and  Air  the  most  important 
hygienic  facts  connected  with  malaria  have  been  noted.  In  this  place  it 
only  remains  to  note  one  or  two  of  the  climatic  points  associated  with 
malaria. 

1.  Vertical  Ascent. — A  marsh  or  malarious  tract  of  country  existing  at  any 
point,  what  altitude  gives  immunity  from  the  malaria,  supposing  there  is  no 
drifting  up  ravines  ?  It  is  well  known  that  even  a  slight  elevation  lessens 
danger — a  few  feet  even,  in  many  cases,  but  complete  security  is  only 
obtained  at  greater  heights.  Low  elevations  of  200  or  300  feet  are  often 
indeed  more  malarious  than  lower  lands,  as  if  the  malaria  chiefly  floated  up. 

At  present  the  elevation  of  perfect  security  in  different  parts  of  the  world 
is  not  certainly  determined,  but  appears  to  be — 

Italy,    .  .  .  .  400  to    600  feet.' 


America  (Appalachia), 

California,' 

India,   . 

"West  Indies,     . 


3000    „ 

1000  „ 
2000  „  3000  „ 
1400  „  1800  up  to  2200  feet. 


But  these  numbers  are  so  far  uncertain  that  it  has  not  always  been  seen 
that  the  question  is  not,  whether  marshes  can  exist  at  these  elevations  (we 
know  they  can  be  active  at  6000  feet),  but  whether  the  emanations  from 
a  marsh  will  ascend  that  height  without  drifting  up  ravines?  1000  to 
1200  feet  would  generally  give  security  in  all  probability. 

2.  Horizontal  Spread, — In  a  calm  air  Levy  *  has  supposed  that  malaria 
will  spread  until  it  occupies  a  cube  of  1400  to  2000  feet,  which  is 
equivalent  to  saying  it  will  spread  700  to  1000  feet  horizontally  from  the 
central  point  of  the  marsh.  But  currents  of  air  take  it  great  distances, 
though  the  best  observations  show  that  these  distances  are  less  than  were 

1  In  addition  to  what  has  been  previously  said  (p.  1.56),  Grellois  has  stated  that  he  found 
more  ozone  over  a  marsh  than  elsewhere.  An  interesting  series  of  observations  on  ozone  in 
the  Bombay  Presidency  has  been  made  by  Dr  Cook. 

*  Carri^re,  quoted  by  L^vy,  t.  i.  p.  491. 

3  This  information  was  given  by  Dr  James  Blake. 

*  T.  i  p.  464. 
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supposed,  and  seldom  ^overpass  one  or  two  miles,  unless  the  air-currents  are 
rapid  and  strong.  The  precise  limits  are  imknown,  but  it  is  very  doubtful 
if  the  belief  in  transference  of  malaria  by  air-currents  for  10,  20,  or  even 
100  miles,  is  correct. 

3.  Spread  over  Water, — The  few  precise  observations  show  that  this 
differs  in  different  countries.  In  the  Channel  between  Beveland  and 
Walcheren,  3000  feet  of  water  stopped  it  (Blane).  In  China  and  the  West 
Indies  a  farther  distance  is  necessary.  In  China  three-quarters  of  a  mile 
has  been  effectual;^  in  the  West  Indies  one  mile.  Grant  thinks  that 
salt  water  is  more  efficacious  than  fresh. 


SECTION  VI. 
ELECTRICAL  CONDITION— LIGHT. 

That  these,  as  well  as  heat,  are  important  parts  of  that  complex  agency 
we  call  Climate,  seems  clear ;  but  little  can  be  said  on  the  point.  In  hot 
countries  positive  electricity  is  more  abimdant ;  but  the  effect  of  its  amount 
and  variation  on  health  and  on  the  spread  and  intensity  of  diseases  is 
quite  imknown.  All  that  has  been  ascribed  to  it  is  pure  speculation.  The 
only  certain  fact  seems  to  be  that  the  spread  of  cholera  is  not  influenced 
by  it. 

With  regard  to  light,  the  physiological  doctrine  of  the  necessity  of  light 
for  growth  and  perfect  nutrition  makes  us  feel  sure  that  this  is  an  im- 
portant part  of  climate,  but  no  positive  facts  are  known. 

1  Qrant  (quoted  by  Chevers),  Indian  AnnaU,  1859,  p.  636. 


CHAPTER  XVI. 

DESCRIPTION  OF  THE  METEOROLOGICAL  INSTRUMENTS, 
AND  A  FEW  REMARKS  ON  METEOROLOGY. 

As  meteorological  observations  are  now  so  commonly  made,  and  as  in  the 
army  instruments  are  provided  at  many  foreign  stations,  it  is  desirable  to 
give  a  few  plain  instructions  on  the  use  of  these  instruments.^  For  the 
convenience  of  beginners,  a  few  observations  on  Meteorology  are  also  added. 

^  Instructions  for  reading  the  Meteorological  Instruments. 

The  observer  shonld  make  himself  thoroughly  acquainted  with  the  scale  of  every  instrn* 
menty  especially  with  that  of  the  barometer  and  its  attached  vernier,  and  by  frequent  oim- 
parisons  ascertain  that  he  and  his  deputy  read  the  instruments  alike,  and  record  the 
observations  accurately. 

All  observations  must  be  recorded  exactly  as  read.  The  corrections  are  to  be  nuule  only  at 
the  end  of  each  month  on  the  •*  means  "  of  the  "  sums." 

Barometrical  observations  must  be  recorded  to  the  third  decimal  place ;  thermometrical  to 
the  first  decimal.  When  the  readings  are  exactly  to  the  inch  or  degree,  the  places  for  the 
decimals  must  be  filled  up  with  ciphers. 

The  observations  should  be  made  as  quickly  as  possible,  consistent  with  perfect  accuracT, 
and  the  observer  must  avoid  breathing  on  the  instruments,  particularly  the  dry  and  wet  bulb 
and  maximum  thermometers. 

Barometer  Readings. — Note  the  temperature  of  attached  thermometer  in  degrees  only  ;  by 
means  of  the  thumb-screw  at  the  bottom  adjust  the  mercury  in  the  cistern  to  its  proper  level, 
—the  point  of  the  ivory  cone,  which  should  just  touch  the  mercury  without  breaking  the  sur- 
fftce  ;  then  bring  the  zero  line  of  the  vernier  to  the  level  of  the  apex  of  the  column  of  mer- 
cury, and  read  off  from  the  scale  the  height  of  the  column  of  mercury  in  the  tube.* 

Thermometer  Readings. — The  scales  are  divided  to  degrees  only,  but  these  are  so  open  that 
the  readings  can  be  determined  to  the  tenth  of  a  degree.  Practice  and  attention  will  insure 
accuracy'. 

Maximum  Thennometer  in  Shade. — The  maximum  thermometer  must  be  hnn^  at  such  a 
distance  (2  or  3  inches)  from  the  water  vessel  of  tlie  wet-bulb  thermometer  that  its  readings 
may  not  be  affected  by  evaporation. 

In  hanging,  the  maxinmm,  care  must  be  taken  that  the  end  of  the  tube  is  slightly  inclined 
downwards,  which  will  have  the  effect  of  assisting  in  preventing  the  return  of  any  portion  of 
the  column  of  mercury  into  the  bulb  on  a  decrease  of  temperature.  To  read  the  instrument, 
gently  elevate  the  end  furthest  from  the  bulb  to  an  angle  of  about  45"*,  in  which  position  of 
the  instrument  note  the  reading. *  To  re-set  the  thermometer,  a  gentle  shake  or  swing,  or  a 
tap  on  the  woo<len  frame  of  the  instrument,  will  cause  the  excess  of  mercury  to  return  to  the 
bulb,  and  it  is  again  ready  for  use. 

Maxim  um  in  Su7i*s  RaySy  or  the  Vacuum  Solar  Radiation  Thermometer.—  Bein^  constructed 
on  the  same  principle  as  the  last-mentioned  instrument,  it  must  be  read  in  a  simuar  position. 
After  completing  the  reading,  by  giving  the  instnnnent  a  slight  shake,  with  the  bulb  still 
inclined  downwards,  the  excess  of  mercury  will  return  to  the  bulb,  and  the  thermometer  be 
rearly  lor  the  next  ooservation. 

Minimum  Thermometer  in  Shade. — The  minimum' thermometer  must  be  so  hung  that  the 
bulb  may  be  about  one  inch  lower  than  the  other  extremity  of  the  instrument,  because  in  tiiis 
position  the  index  is  less  likely  to  be  affected  by  a  rise  in  temperature. 

The  extremity  of  the  index  furthest  from  the  bulb  shows  the  lowest  degree  to  which  the 
spirit  has  fallen  since  the  last  observation.  The  reading  on  the  scale  corresponding  to  this  is 
the  tenH>erature  to  be  recorded.  Then  by  elevating  the  bulb,  the  index  will  float  towards  the 
end  of  ttie  spirit.     When  it  has  nearly  arrived  at  that  point,  the  instrument  is  re-set. 

Minimum  on  Grass,  Terrestrial  Radiation  Thermometer  is  constructed  like  the  last,  and  the 
directions  above  given  are  also  applicable  to  it. 


1  For  much  nscfal  Information  ^ee  Instructions  on  the  Use  of  Meteorologie^U  Instruments,  by  R.  H.  Scott, 
M.  A.,  F.R.S.,  1877.     The  Barometer  corrections  are  explained  at  pp.  30,  31  of  tliat  work. 

3  The  instrument  had  better  be  road  as  it  is  on  tho  stand,  because  with  a  comparatively  widely  callbnd 
tube  the  above  instruction  might  lead  to  the  mercury  flowing  baclcwards,  and  so  giving  an  erroneoiureMUog. 


^ 
p 
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SECTIOX  L 

THERMOMETERS  FOR  TAKING  THE  TEMPERATURE  OF  THE  AIR. 
Maximum  Tli^iitomeftrs, 

Two  nisiximum  thermometers  are  issued — one  to  obser^a^  the  greatest  heat 
in  the  sim,  the  other  in  the  shade. 

The  Sun  Jhiximujn  or  Soiar  Radiation  Tltemiomattr  is  formed  by  a 
glti^  case  (from  which  the  air  is  removed),  containing  a  mercurifil  thermo- 
meter with  a  blackened  bulb.  The  ctise  shelters  from  currents  of  air  ;  the 
black  bulb  aUsorbs  the  sun's  rays.  The  tube  of  the  thermometer  is  slightly 
bent  near  the  bulb,  and  a  piece  of  porcelain  is  inserted  which  narrows  the 
tube.  The  eifect  of  this  is  tc»  make  the  thermometer  self-registering,  as, 
after  the  mercury  has  expanded  to  its  fullest  extent,  instead  of  retiring  into 
the  bulb  on  cooling,  it  is  stopped  by  tlie  porcelain,  and  the  mercury  breaks 
between  the  porcelain  and  the  bulb.  The  instrument  is  placed  at  a  height 
of  about  four  feet  from  tlie  ground  on  wooden  supports,  and  in  any  place 
where  the  suirs  rays  can  fidl  freelj'  on  it. 

The  Shade  Maximum  is  a  mercurial  thermometer,  not  enclosed  in  a  case, 
but  moimted  on  a  frame.     The  bulb  is  not  blackened,  but  othen^nae  ita  con- 

Aft«r  rcAding  aud  rv-Bettiag  the  Delf-Tc^stering  thenuomettin;,  coiuparc  them  with  the  dr}- 
buJb  thenitotnetcr  in  ortler  to  Mcertoin  tnat  their  reading!  are  nearly  the  Haiue. 

Dry-  nnfi  WdButh  Thtrmameters. — Bribg  th«  eye  on  a  level  with  the  top  of  the  mercury  in 
tbe  tube  of  the  drj-bulb  theniiotneter,  autl  take  tne  reading,  then  ooiiiplot^  the  oliservation 
by  noting  in  like  niaiiner  tb«  reailing  of  Uve  wet-bulb  theriDOJjieter. 

l*hc  teuitjcfature  of  the  air  i^  giveu  bv  the  former,  that  of  ev  aporation  by  the  latter.  From 
theae  data  liygro metrical  rc*ult§  aroto  be  calcaUted  by  Glaiflber'^s  Table*,  6th  eiliti«>n. 

Hfiin-UaugK  and  Mtnjfurt. — Ponr  the  contenta  uf  the  gauge  into  any  xe^^el  with 

a  lip,  and  from  this  into  the  glass  meaaure^  wbicb  has  been  graduated  i  i  tlie  gutige^ 

and  b  only  to  Ik^  used  in  measttring  its  contents.    It  is  gntduated  to  i:  /dths  of  an 

inch. 

AnemoTMUTM. — ^The  dials  are  read  &om  left  to  right.  The  first  on  the  left  reconlfl  hnndreds 
of  ndlca,  the  lUJCODd  tens,  the  third  mikst  the  fourth  teTithi  of  a  mile,  and  the  bfUui  bun- 
dredthfi  of  a  mUe. 

The  reading  of  the  aueiuometor  is  obtained  by  deducting  from  the  amount  registt^rt^d  by  the 
dtalflthe  total  sutm  regiateretl  at  the  period  of  the  pret^eding  obsenatiou.  The  diflerenco  Iw- 
tween  these  fsubject  to  a  limall  correction)  intlicates  the  velocity  or  horizoutal  movoraeut  of 
the  air  in  mu^i^  during  the  interval,  and  muat  be  entered  in  the  return.  Wlieu  the  instrument 
Is  ilrst  set  up,  the  re&^Iiog  on  tb«*  dial)!  mast  l>e  noted,  in  onlerthat  it  may  be  deducted  from 
the  total  registerofl  by  the  dials  at  the  eud  of  the  first  perio<l  of  observation. 

In  making  observations  ou  the  pnssenoe  of  ozone,  a  oox  has  be<5n  found  to  Ihj  unnecexHur>% 
equally  satisfactory  re:sulU  having  bee u  obtained  by  fixing  the  i>apt!r  iinniediatfly  under  tlu' 
penthouse  of  the  stand,  which  shelters  it  ButUeiently  fi^m  a  strong  light,  while  it  utteui^s 
liroiMsr  exjiojiurw. 

'riie  miiiinuim  themiouaeters  are  liable  to  get  out  of  onler — first  by  carriage,  when  the  hidex 
may  he  wholly  or  p<wtly  driven  out  of  the  spirit,  or  a  portion  of  spirit  may  li^come  detaeheit 
from  the  main  column  ;  autl,  secontllj',  by  alow  eva]^>oration  of  the  spirit^  which,  rijfing  in  the 
tube,  cnndouftox  at  the  upper  end.  ITje  tir*it*tuentioned  tirrori*  are  corTect<*d  by  taking  the 
Ihemiouuder  in  the  hand,  with  its  bulb  downwanls,  and  giving  it  a  swing  up  and  tlown.  The 
secou'l  is  remedied  by  the  inclined  position  of  the  instrument,  which  allowH  tliti>  condensed 
spirit  to  trickle  back  to  the  main  column.^ 

y,B,~i  In  no  a4:count  whatever  in  artificiiil  heat  to  bo  applied  to  a  spirit  theniiomet«ir.  In 
Te-»etting  the  tnimmumj  the  indeji  ahoubl  never  be  brought  quite  to  the  end  of  the  column 
of  spirit. 

If  iiiiiy  \v(>  well  t€»  mention  the  relations  between  the  three  prindnal  thennoineter  scalvn. 
Wl   '       '  <:  in  the  Fahrenheit  scale  is  at  32*  it  is  at  0  in  both  the  Uentkmde 

(o:  iimur  (tcnlea.    Water  boils  at  212*  on  the  Falirtsuheit  scale  (bm- 

lut  I  I  I  the  Centigrade,  and  at  80'  of  Reaumur. 

Honc«  the  iormuLt  of  reduction  is^ 

F-32_£_^ 
9        5       4* 
fpum  which  the  corresponding  temperatures  can  hn  easily  found. 


I II  Is  iPMnilly  necessary  l«  fwJan  ili«  Insiruinujtt  Ut  s«t  bsck  the  Un>ken  portleti  of  tlie  cotusniL 
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stniction  and  manner  of  reading  are  similar  to  those  of  the  sun  thermo- 
meter. It  is  placed  in  the  shade  four  feet  above  the  ground,  and  sufficientlj 
far  from  any  walls  to  be  unaffected  by  radiation.  It  should  be  freely  ex- 
posed to  the  air,  but  perfectly  protected  from  the  sun's  rays. 

Mintmum  Thermometers,^ 

Two  minimum  thermometers  are  supplied. 

The  Shade  Mintmum  is  an  alcoholic  thermometer  with  a  small  index  in 
the  alcohol  It  is  set  by  allowing  the  index  to  slide  nearly  to  the  end  of  the 
spirit ;  as  the  spirit  contracts  during  cold,  it  carries  the  index  down ;  when 
it  expands  again  it  cannot  move  the  index,  but  leaves  it  at  the  degree  of 
greatest  cold.  The  end  of  the  index  farthest  from  the  bulb  is  the  point  to 
read. 

This  thermometer  is  placed  in  the  shade  four  feet  above  ground,  under  the 
same  conditions  as  the  shade  maximum. 

The  Ghrass  Minimum  or  Terrestrial  Radiation  Thermometer  is  a  ther- 
mometer of  the  same  kind,  but  protected  by  a  glass  shield.  It  is  placed 
almost  close  to  the  ground  on  grass,  suspended  on  little  trestles  of  wood,  but 
it  should  not  touch  the  ground ;  it  is  intended  to  indicate  the  amount  of 
cooling  produced  by  radiation  from  the  ground.  If  snow  lies  on  the  ground 
the  bulb  should  be  placed  in  the  snow.  Scott  recommends  a  black  board  on 
which  to  lay  the  thermometer  where  no  grass  can  be  obtained.* 

Ordinary  Thermoiueter. 

The  dry  bulb  of  the  "  wet  and  dry  bulb  thermometer "  is  read  as  an 
ordinary  thermometer. 

Reading  of  the  Thermometers, 

All  these  thermometers  can  be  read,  by  the  eye,  to  tenths  of  a  degree. 
The  maximum  and  minimum  thermometers  are  read  once  a  day,  usually 
at  9  A.M. ;  the  former  marks  the  highest  point  reached  on  the  previous 
afternoon,  and  must  be  so  entered  on  the  return  ;  the  latter,  the  lowest 
point  reached  on  the  same  morning.^  For  the  army  returns  the  ordinary 
thermometer  is  read  twice  a  day,  at  9  a.m.  and  3  p.m. 

Range  of  the  Temperature. — ^The  maximum  and  minimum  in  shade  give 
most  important  climatic  indications ;  the  difference  between  them  on  the 
same  day  constitutes  the  range  of  the  diurnal  fluctuation.  The  range  is 
expressed  in  several  ways. 

The  extreme  daily  range  in  the  month  or  year  is  the  difference  between 
the  maximum  and  minimum  thermometer  on  any  one  day. 

The  extreme  monthly  or  annual  range  is  the  difference  between  the  greatest 
and  least  height  in  the  month  or  year. 

-The  mean  monthly  range  is  the  daily  ranges  added  and  divided  by  the 

1  Great  difficulty  is  found  with  spirit  thermometers  on  account  of  their  being  so  much  less 
sensitive  than  mercurial.  To  remedy  this  the  bulb  is  sometimes  made  fork-shaped,  or  other- 
wise nimlitied  so  as  to  expose  as  large  a  surface  as  possible. 

2  Instructions,  &c.  Scotts  adds  :  "  Under  any  circumstance,  a  board  gives  a  bettermeasare 
of  terrestrial  radiation  than  grass." 

3  It  is  desirable  that  these  thermometers  should  l>e  read  both  morning  and  evening.  lu 
winter  the  maximum  sometimes  occurs  in  the  early  morning,  and  the  minimum  in  the  after- 
noon, and  the  range  depends  more  on  the  direction  of  the  wind  than  on  the  time  of  day 
(Scott).  But  uniformity  of  practice  is  the  primary  essential,  and  at  stations  where  obserra- 
tions  are  made  only  once  a  day,  viz.,  at  9  a.m.,  or  even  twice,  unless  the  second  reading  U 
after  6  p.m.,  the  above  rule  as  to  entry  must  be  followed. 


May. 

1-7 

September,  1*3 

June, 

1-8 

October,       1*0 

July, 

1-9 

November,  0*4 

August, 

17 

December.    0  0 
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number  of  days  in  a  month  (or  the  difference  between  the  mean  of  all  the 
maxima  and  the  mean  of  all  the  minima). 

The  yearly  mean  range  is  the  monthly  ranges  added  and  divided  by  12. 

Mean  Temperature, — ^The  mean  temperature  of  the  day  is  obtained  in  the 
following  ways : — 

(a)  At  Greenwich  and  other  observatories,  where  by  means  of  photography 
the  height  of  the  thermometer  at  every  moment  of  the  day  is  registered,  the 
mean  of  the  hourly  readings  is  taken.  This  has  been  found  to  accord  with 
the  absolute  mean  (found  by  taking  the  mean  of  the  whole  curve)  to  within 
^th  of  a  degree.  It  may  also  be  recorded  by  means  of  a  self-registering 
instrument. 

(6)  Approximately  in  several  ways.  Taking  the  mean  of  the  shade 
maximum  and  minimum  of  the  same  day.  In  this  country,  during  the  cold 
months  (December  and  January),  the  result  is  very  close  to  the  truth ;  but 
as  the  temperature  increases  a  greater  and  greater  error  is  produced,  imtil 
in  July  the  mean  monthly  error  i8  +  l*'9  Fahr.,  and  in  some  hot  days  is 
much  greater.  In  the  tropics,  the  mean  of  the  maximum  and  minimum 
must  give  a  result  still  further  from  the  truth. 

Monthly  corrections  can  be  applied  to  bring  these  means  nearer  the  truth. 
Mr  Glaisher's  corrections  for  this  country  are  as  follows : — 

Subtract  from  the  monthly  mean  of  the  maximum  and  minimum — 

o  -  « 

January,  0*2 
February,  0*4 
March,  1*0 
April,        1*5 

The  result  is  the  approximate  mean  temperature.  But  this  is  true  only  for 
this  coimtry.^ 

In  a  great  number  of  places  the  mean  temperature  of  the  day  and  year,  as 
stated  in  books,  is  derived  solely  from  the  mean  of  the  maximum  and 
minimum.2  According  to  Scott,  the  approximation  to  the  true  mean  is  very 
close  in  most  parts  of  the  world,  especially  if  the  observations  be  taken  as 
near  the  end  of  the  period  as  possible,  near  midnight,  for  instance,  for  the 
mean  of  the  civil  day  of  twenty-four  hours. 

The  approximate  mean  temperature  may  also  be  obtained  by  taking 
observations  at  certain  times  during  the  day,  and  applying  a  correction.  Mr 
Glaisher  has  given  some  very  valuable  tables  of  this  land,^  which  can  be 
consulted.* 

If  the  temperature  be  taken  twice  a  day  at  homonymous  hours,  such  as 

1  These  numbers  of  Mr  Glai^er  are  likely  to  he  modified  very  considerably ;  they  are 
largely  dependent  on  the  pattern  of  the  thennometer  stand  employed. 

>  With  a  Stevenson's  screen  the  simple  mean  ot  the  maximum  and  minimum  is  very  near 
the  truth. 

^  On  the  Corrections  to  be  applied  to  Meteomloaical  Observations/or  Diurnal  Range,  pre- 
pared by  the  Coimcil  of  the  British  Meteorological  Society,  1850.  These  corrections  are  appli- 
cable only  to  this  country. 

*•  The  foUowing  rules,  which  are  applicable  in  aU  parts  of  the  world,  are  given  by 
Herschel  (Meteorology,  p.  173). 

If  oltscrvations  are  taken  three  times  daily— at  7  a.m.,  2  P.M.,  and  9  p.m.,— hours  which  we 
may  denote  by  t,  tf,  and  (f  ;  then 

2 =mean  temperature  of  day. 

If  the  hours  are  8  A.M.,  8  P.M.,  and  10  p.m.,  the  formula  is— 
7t+7P  +  iOr  -, 
^ =mean  of  day. 

A  very  simple  formula  is  given  by  the  late  Rev.  Dr  Lloyd,  F.T.C.D.— 

Minimum  +  <  (Maximum  -  Minimum)  x  a  |    =  mean  temperature. 

Co-efficient  a  for  this  country  is  *41. 
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9  A.M.  and  9  p.m.,  the  mean  of  these  does  not  differ  much  from  the  true  daOj 
mean  (Scott). 

The  nearest  approach  to  the  mean  temperature  of  the  day  by  a  single 
observation  is  given  at  from  8  to  9  p.m.  ;  the  next  is  in  the  morning — about 
8  o'clock  in  July  and  10  in  December  and  January. 

The  nearest  approach  to  the  mean  annual  temperature  is  given  by  the 
mean  of  the  month  of  October.  Observations  made  from  a  week  before  to  a 
week  after  the  24th  April,  and  again  in  the  corresponding  weeks  of  October, 
give  a  certain  approximation  to  the  yearly  mean  temperature.^ 

The  changes  in  temperature  of  any  place,  during  the  day  or  year,  are 
either  periodic  or  non-periodic.  The  former  are  dependent  on  day  and 
night,  and  on  the  seasons,  i.e.,  on  the  position  of  the  place  with  respect  to 
the  sun.  The  periodic  changes  are  sometimes  termed  fluctuations,  and  the 
differences  between  day  and  night  temperatures,  or  the  temperatures  of  the 
hottest  and  coldest  months,  are  often  called  the  amplitudes  of  the  daily  or 
yearly  fluctuations. 

Daily  Periodic  Changes, — On  land  the  temperature  of  the  air  is  usually  at 
its  lowest  about  3  o'clock  A.M.,  or  just  before  sunrise,  and  at  its  maximum 
about  2  o'clock  p.m.  ;  it  then  falls  nearly  regularly  to  3  o'clock  a-M.  At  sea, 
the  maximimi  is  nearly  an  hour  later. 

The  amount  of  diurnal  periodic  change  is  greater  on  land  than  on  water ; 
in  the  interior  of  continents  than  by  the  seaside ;  in  elevated  districts  than 
at  sea-level.  As  far  as  land  is  concerned,  it  is  least  on  the  sea-coast  of 
tropical  islands,  as  at  Kingston  in  Jamaica,  Colombo  in  Ceylon,  Singa- 
pore, &c. 

In  Sind  and  Baluchistan,  and  throughout  the  dry  tract  to  the  west  of  the 
Jumna,  the  daily  range  of  the  thermometer  is  greatest  in  October  and 
JN'ovember,  when  the  difference  between  sunrise  and  afternoon  averages  not 
much  less  than  30**,  and  sometimes  40".  The  same  occurs  in  the  northern 
districts  of  Bombay  in  the  earlier  months  of  the  year,  when  land  winds, 
from  between  west  and  north-west,  blow  most  steadily.  In  the  north-west 
provinces  it  averages  28°  to  32°,  both  in  March  and  April.  These  variations 
take  place  daily,  and  with  much  regularity. ^ 

Yearly  Periodic  Changes. — In  the  northern  hemisphere,  the  coldest  month 
is  usually  January  ;  in  some  parts  of  Canada  it  is  February.  On  the  sea, 
the  coldest  month  is  later,  viz.,  March.  The  hottest  month  is  in  most 
places  July,  in  some  few  August;  on  the  sea  it  is  always  August.  The 
coldest  days  in  this  country  are  towards  the  21st  January;  the  hottest, 
about  the  18th  to  the  21st  July.  At  Toronto  the  hottest  day  is  37  days 
after  the  summer  solstice ;  and  the  coldest  55  days  after  the  winter 
solstice. 

It  is  thus  seen  that  both  for  the  diurnal  and  annual  alterations  of  heat  the 
greatest  heat  is  not  simultaneous  with,  but  is  afti*r,  the  culmination  of  the 
Sim ;  this  is  owing  to  the  slow  absorption  of  heat  by  the  earth. 

The  amplitude  of  the  yearly  fluctuation  is  greater  on  land  than  sea,  and 
is  augmented  by  land,  so  that  it  reaches  its  highest  point  in  the  interior  of 
great  extra-tropical  continents. 

It  increases  towards  the  pole  for  three  reasons, — 

1.  The  geographical  fluctuation  of  the  earth's  position  causes  a  great 
yearly  difference  of  the  angle  with  which  the  sun's  rays  fall  on  the  earth. 

2.  The  duration  of  incidence  of  the  sun's  rays  (i.e.,  the  number  of  hours 
of  sunshine  or  shade)  has  greater  yearly  differences  than  in  the  tropics. 

1  Herschel,  MeUorolffgy,  p.  180. 

a  H.  F.  Blaulord,  VUviate,  dx.,  of  India,  1889,  p.  8. 
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3.  In  the  northern  hemisphere  especially  there  ia  a  very  great  extent  of 
land»  which  increases  rarliatiou. 

The  amplitude  of  the  yearly  fluctuation  is  very  small  in  th^  tropical  lands 
at  eea-level  At  Singapore  it  is  only  3^-6  Fahr.  (Jan.  78^*8,  July,  82''4), 
while  it  is  immense  on  continents  near  the  pole.  At  Yakoutsk,  in  North 
Asia,  it  is  112''*5  (January  -  44°"5  and  July  +  68"').  All  fluctuations  depend 
to  a  large  extent  upon  the  distimce  from  tJie  sea,  although  local  causes  may 
have  some  influence,  such  as  the  vicinity  of  high  lands. 

In  any  place  there  may  be  great  undulations  and  smaU  fluctuations,  or 
gveai  changes  in  each  way.  At  Brussels,  the  greatest  possible  yearly 
undulation  is  90*.  In  some  parts  of  Canada  immense  undulations  sometimes 
occur  in  a  day,  the  thermometer  ranging  even  50^  to  70"*  in  one  day. 

The  diff'erence  between  the  highest  and  lowe^jt  readings  recorded  at  Leh, 
which  is  the  most  northerly  and  the  driest  station  where  oliservations  are 
recoTfled  in  India,  averages  94\  and  has  been  as  much  as  103".  On  the 
plauLS  of  the  Punjab  it  varies  from  80'  (at  Mooltan)  to  86^  at  Peshawar,  and 
sometimes  reaches  92°.  At  the  hill  stations  it  is  much  less,  69^  at  Murreo 
and  63"  at  Simla :  at  Darjiling  it  is  only  47*.  At  Quetta  the  average  range  in 
tlie  course  of  the  year  is  80*,  while  at  Jacohabad  the  average  is  86',  and  the 
greatest  89",  At  Bombay  it  averages  3l\  at  Madras,  48',  and  at  Colombo 
(Ceylon)  only  25^i 

The  hot  winds  of  the  rainless  deserts  have  long  puzzled  meteorologists ; 
they  often  cause  enormous  undulations,  50"  to  as  much  as  78*  Fahr. 

TempfToiure  of  the  Air  of  any  Pldee, 
This  de]iends  on  the  following  conditions : — 

1.  Geotjraphical  Position  oh  Infutticing  the  Amount  and  Duration  of  Sun* « 
Mays  wkicft  are  received, — The  nearer  the  equator  the  hotter.  For  23  J"  on 
either  side  the  equator  the  sun's  rays  are  vertical  t\vice  in  the  year,  and 
are  never  more  oblique  than  47*.  The  mean  yearly  temperature  of  the 
equator  is  82""  Falir. ;  of  the  pole  about  T^o  Fahr,  The  decline  from  the 
equator  to  the  pole  is  not  regular  ;  it  is  more  rapid  from  the  equator  to  30° 
than  in  the  higher  latitudes. 

2.  Relatict  Amoufit  f^*  Land  and>  Water, — The  sun'a  rays  pissing  through 
the  air  with  hut  trifling  loss  fall  on  land  or  on  water.  The  epecific  heat  of 
land  being  only  one  quarter  that  of  water,  it  both  absorbs  heat  and  gives  it 
out  more  rapidly.  Water,  on  the  other  hand,  absorbs  heat  nwTG  slowly,  stores 
up^a  greater  quantity,  and  parts  with  it  less  readily.  The  temperature  of 
the  superficial  water,  even  in  the  hottest  regions,  seldom  exceeds  80'  to  82", 
and  that  of  the  air  is  gencndly  below  (2*  to  even  6°)  the  temperature  of  the 
water  (J.  Davy).  Consequently  the  more  land  the  greater  is  the  beat,  and 
the  wider  the  diurnal  and  ywirly  amplitudes  of  fluctuation.  The  kind  of 
soil  has  a  great  eflect  on  absorption.  The  evaporation  from  the  water  also 
greatly  cools  the  air. 

3.  Elfvaiion  of  the  Piatt  above  (he  Sea-LeveL — The  greater  the  elevation 
the  colder  the  air,  on  account — Ist^  of  the  lessening  amoimt  of  earth  to 
absorb  the  sun's  rays  ;  and,  2ful,  on  account  of  the  greater  radiation  into 
free  space.  The  decline  of  Umiperature  used  to  he  reckoned  at  about  1* 
Fahr.  for  each  300  feet  of  ascent,  Imt  the  balloon  ascents  of  Mr  Welsh,  and 
especially  of  Mr  Glaishcr,  have  proved  that  there  is  no  regular  decline ; 
there  are  many  currents  of  warm  air  even  in  tlie  upper  atmosphere.  8till 
the  old  rule  is  useful  as  an  approximation.     The  amount  of  decline  vaiiesi 


>  BlftDfonlf  op.  cil. 
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however,  in  tiie  saiue  place  at  different  time^  of  tke  year.  In  Mr  Glaishert 
baUoon  ascents,  in  a  doudf^  sky,  it  was  al>out  4"*  Fahr.  for  each  inch  of 
barometric  fall,  at  first ;  but  when  the  barometer  had  fallen  1 1  inches,  the 
decline  of  temperature  was  more  rapid.  Under  a  dfar  sky,  there  vras 
a  fall  of  5"  Falir,  for  each  of  the  fii*st  four  inches  of  descent :  then  4*  per 
inch  till  the  thirteeotli  inch  of  descent,  and  then  4* "5  for  fourteenth, 
Mteenth,  and  sixteenth  inches  of  descent. 

The  snow-lino  at  any  spot,  or  the  height  at  which  snow  will  lie  the 
whole  year,  can  be  approximately  reckoned  by  taking  the  mean  yearly 
temperature  of  the  latitude  at  seadevel^  and  multif»lying  the  diiTert'not 
between  that  temperature  and  32*  Fahr.  by  300.  The  aspect  of  a  plac^ 
however,  the  iliatance  from  the  sea,  and  other  circumstances,  have  much  to 
do  with  the  height  of  the  fiermanent  snow-line.  The  mean  temperature  of 
any  place  can  be  approximately  reckoned  in  the  same  way,  if  the  mean 
temperature  of  the  latitude  at  sea-level,  and  the  elevation  of  the  place  in 
feet,  be  known. 

4,  Aspect  and  Uxposure,  and  Special  Local  Condiiiom* — ^These  cireum- 
stances  chiefly  aff'ect  a  place  by  allowing  free  exposure  to  or  sheltering 
from  the  sun's  rays,  therefore  la^sening  the  number  of  honrs  the  rays  reach 
the  sod,  or  by  fumLshing  at  certain  times  a  large  moist  Bnrface.  Thus  the 
extensive  sandbanks  of  the  Mersey  cause  very  mpid  alterations  of  tempera- 
ture in  the  water  and  air,  by  being  exposed  every  twenty-four  hours  twice 
to  the  sun  and  sky  (Adie). 

5,  Aerial  and  Oteau  Currents, — These  have  a  great  efFeet^  bringing  clouds 
which  block  out  the  sun  or  produce  rain,  or  which,  in  the  case  of  ocean 
currents,  cool  or  warm  tlie  air.  The  cold  polar  sea  currents  and  the  waim 
equatorial  (Mke  tlio  Giidf  Stream)  in  some  cases  almost  determine,  and 
always  greatly  influence,  the  temperature. 

6,  A^ature  of  the  SoiL — On  this  point  little  is  yet  known,  but  it  is  certain 
that  some  soils  easily  al>sorb  heat ;  others  do  not.  The  moist  and  clayey 
soils  are  cold ;  the  dry  har*!  rocks  and  dry  sands  are  hot. 

The  hottest  places  on  the  earth  are — in  the  eastern  hemisphere^  near  the 
Red  Sea  at  Massowah,  and  at  Khartoum  (15'  N.  lat.),  and  on  the  Nile  in 
Lower  Nubia  ;  annual  temperature  =  90**5  Fahr. :  in  the  western  heniisj>here, 
on  the  Continent,  near  the  West  Indies,  tlie  mean  annual  temperature  is 
ST'o.  These  are  sometimes  called  the  climatic  poles  of  heat.  The  highest 
readings  of  a  Tveli-shaded  verified  thermometer  in  India  have  been  123**1  at 
Pachpadra,  in  Rajputana,  and  122"  2  at  Jacobabad,  both  on  May  25th  1866.^ 
The  poles  of  cold  are  in  Siberia  (Yakoutsk  to  Usjausk,  62'  N,),  and  near 
^lelville  Island. 

Imtkfnwd  Lines. — These  are  lines  drawn  on  charts,  and  were  proposed  by 
Humboldt  to  connect  all  places  having  the  same  mean  annual  temperature. 
The  various  conditions  just  noted  cause  these  lines  to  deviate  more  or  leaa 
from  the  lines  of  latitude. 

The  lines  of  mean  summer  temperature  (three  months,  June,  July,  August^ 
are  sometime-s  called  uotheral ;  those  of  mean  winter  temperature  (Decem- 
ber, January,  and  February)  isocheimonal,  or  iso^fmmalf  but  those  terms  an> 
now  seldom  used,  the  terms  smnmer,  winter,  or  monthly  uothermai  being 
substituted. 

TJiennometer  Stand. — A  stand  ia  issued  by  the  War  Office,  and  provided 
at  every  station  where  observations  are  recorded.  Or  it  would  be  very  ft«*nr 
to  moke  a  stand  with  two  or  three  strata  of  boards,  placed  about  6  inck^H 
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ai^art,  so  as  to  form  a  kind  of  sloping  roof  over  the  tliermometers,  wliich  arc 
euspeiided  on  a  vertical  board. 

The  dry  aiid  wet  btilb  thermometers  are  placed  in  the  centre;  the 
laaximi^m  on  the  right  aide,  imd  the  minimum  on  the  left  The  wood 
should  be  cut  away  behind  the  bulbs  of  the  maximum  and  minimum  fcher- 
mometera,  so  as  to  ejtpose  them  freely  to  the  air.  The  bulbs  of  the  dry 
and  wet  bulbs  should  also  fall  below  the  lioard.  These  stands  are  made  to 
rotate  on  the  pole  so  as  to  turn  the  nxif  always  to  the  sim* 

A  much  hotter  stand  is  Stevenson's  screen,  a  square  or  oblong  box,  with 
double  louvred  sides  and  open  below.  This  is  raised  upon  legs  four  feet 
from  the  ground,  placed  upon  grass. ^ 

SECTIO!^  IL 
HYGROMETEES— HUMa^ITY  OF  THE  AIK. 

The  amount  of  watery  vapour  in  the  air  can  be  determined  in  several 
way% — by  direct  weighinf?,  by  Darnell's,  Regnault's  or  Dines'  hygrometer, 
by  the  hair  hygrometers  of  *Saussure  and  Wolpert,  and  by  tlic  dry  and  wet 
bulbs;-  The  method  by  the  dry  and  wet  bulb  thermometers  has  been 
adopttxt  in  the  army,  and  at  stations  where  observations  ai-e  recorded,  these 
are  taken  twice  daily  (9  A.M,  and  3  p,m,).  The  instrimient-s  are  not  self- 
registering,  and  are  simply  read  off.  They  are  placed  in  the  shade,  four  feet 
above  the  ground^  the  bulljs  freely  expn^sed  to  the  air^  but  not  exposed  to  the 
effect  of  radiant  lieat  from  brick  walls,  &e.  The  wet  bulb  is  covered  with 
musliu,  which  is  kept  moistened  by  cotton  twisted  round  the  bulb  and  then 
passing  into  the  water  vessel ;  previous  to  use,  the  cotton  is  soaked  in  solution 
ot  carbonate  of  soda,  or  boUod  in  ether  to  free  it  from  fat,  so  that  water  may 
ascend  easily  in  it  by  capillary  attraction ;  the  muslin  and  cotton  should  be 
renewed  frequently,  once  or  twice  a  month  if  possible ;  the  water  must  be 
either  rain  or  distilled  water,  and  tlie  supply  ought  to  be  more  ample  in  dry 
hot  weather  than  in  damp.  Wlien  the  temperature  is  below  the  freezing- 
point,  the  passage  of  water  along  the  cotton  is  arrested ;  it  is  then  necessarj"  to 
moisten  the  wet  bulb  some  time  before  the  hour  of  observation,  so  as  to  allow 
the  n^oisture  to  freeze.  The  dew-point,  the  weight  of  a  cubic  foot  of  vapour^ 
and  the  relative  hitmulii^,  are  to  be  computed  from  Mr  Glaisher's  tables.^ 

Dnv-point. — This  is  the  temperature  when  the  air  is  just  saturated  with 
moisture,  so  that  the  least  cooling  would  cause  a  dej^wDsit  of  water. 

The  dew-point  may  bo  obtained  directly  by  Bonieirs,  or  Regnault'e,  or 
Dines'  hygrometer,  wliich  enable  us  to  cool  and  note  the  temperature  of  a 
bright  surface  until  the  dew  is  deposited  on  it,  or  indirtdly  by  means  of  the 
dry  and  wet  bull)SL 

Unless  the  air  is  saturated,  the  tempverature  of  the  wet  bulb  {!.<•.,  the 
temperature  of  evaporation)  is  always  above  the  dew-point,  but  is  below  the 
temfjerature  of  the  dry  bulb,  being  reduced  by  the  evaporation.  If  the  dry 
ftnd  wet  bulbs  are  of  the  same  temperature,  the  air  is  saturated  with  mois- 
ture, and  the  temperature  noted  is  the  dew-point ;  if  they  are  not  of  the 
eame  temperature,  the  dew-point  is  at  some  distance  below  the  wet  bulb 
temperature.* 

J  Scx»tt*8  InstrwiiofUt  %.  10,  p.  il. 

*  ITiMfl  Iftat  are  to  he  coDsideml  aa  one  instnimoBt,  and  Art  frequently  called  the  Piychro- 
muter  of  Angtist,  or  (in  this  oouotry)  of  Haion. 

*  Hl/^ffmetrical  TabU^^  6th  edition,  1877.  A  copy  is  sent  to  each  station  whoro  obeervs- 
tionit  ftre  t*licii. 

*  Occ4uilon»llv  the  wet  liulb  to»t  read  higher  than  the  dry.  as  in  thick  fog  or  during  v«ry 
calm,  cold  wcAtner.  ThiK  i«  rare^  out  nhould  it  be  met  with,  tuen  the  temperature  of  the  dry 
bulb  is  to  be  taken  and  considered  to  be  at  saturation  (Scott). 
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It  can  then  be  calculated  out  in  two  ways. 

(a)  By  Mr  Glaisher's  factors. — By  comparison  of  the  results  of  Daniell's 
hygrometer  and  the  dry  and  wet  bulb  thermometers  for  a  long  term  of  jeais, 
Mr  Glaisher  has  deduced  an  empirical  formula,  which  is  thus  worked.     Take 

Glaisher's  Factors, 
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the  difference  of  the  dry  and  wet  bulbs,  and  multiply  it  by  the  factor  which 
stands  opposite  the  dry-bulb  temperature  in  the  preceding  table,  deduct 
the  product  from  the  dry-bulb  temperature ;  the  result  is  the  dew-point. 
From  this  formula  Ghiisher^s  tables  are  calculated. 

(6)  Apjohn's  Formula. — From  a  most  philosophical  and  exhaustive  analysis 
of  the  conditions  of  this  complicated  problem,  Dr  Apjohn  derived  his  cele- 
brated formula,  which  is  now  in  general  use.  Reduced  to  its  most  simple 
expression,  it  is  thus  worked : — A  table  of  the  elastic  tension  of  vapour,  in 
inches  of  mercury  at  different  temperatures,  must  be  used.  From  this  table 
take  out  the  elastic  tension  of  the  temperature  of  the  wet  thermometer,  and 
call  it/'.  Let  {t~t')  be  the  difference  of  the  two  thermometers,  and  p  the 
observed  height  of  the  barometer.  Apjohn's  formula  then  enables  us  to 
calculate  the  elastic  tension  of  the  dew-point,  which  we  will  call  f" ;  and, 
this  being  known,  by  looking  in  the  table  we  obtain,  opposite  this  elastic 
tension,  the  dew-point  temperature. 

The  formula  is : 

/'=/'- 0-01 147(^-0-"*^' 


The  fraction 


p-f 


30 


^Q-  differs  but  little  from  unity,  and  may  be  neglected ; 
the  formula  then  becomes,  for  the  temperature  above  32"  Fahr., 


If  below  32°  the  fonnula  is :/"  =/  -  ^iz£).. 

•^      ■'        96 
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Relative  hnmidiiy, — This  is  merely  a  convenient  term  to  express  compara- 
tive dryness  or  moisture.  Complete  saturation  being  assumed  to  be  100,  any 
degree  of  dryness  may  be  expressed  as  a  percent'ige  of  this,  and  is  obtained 
at  once  by  dividing  the  weight  of  vapour  actually  existing  by  the  weight  of 
vapour  which  would  have  been  present  had  the  aii*  been  saturated. 

Wtight  of  a  cubic  foot  of  vapour^  or  weight  of  vapour  in  a  c^bic  fcM3t 
of  air* — This  is  the  quantity  of  vapour  which  can  be  taken  up  and  made 
quite  invisible  to  the  senses,  and  varies  with  the  temperature.  It  is  com- 
puted from  Mr  Glaiaher's  Tables, 

Eimiic  force  of  vapour, — In  an  atmosphere  of  pure  steam  or  aqueous 
vapour,  its  force,  or  tension,  at  the  earth's  surface,  is  the  pressure  it  exerts — 
that  is^  its  weight.  So,  in  an  atmosphere  composed  partly  of  dry  air,  and 
pjirtly  of  steam  or  vapimr,  the  elastic  force  of  each  is  the  weight  of  e^ch. 
This  is  expressed  in  inches  of  mercury,  and  is  computed  from  tables.  Tlie 
elastic  force  may  be  termed  the  absolute  humiditt^oi  the  atmosphere. 

In  order  to  siive  trouble,  all  these  points,  and  other  matters  of  interest^ 
such  as  the  weight  of  a  cubic  foot  of  dry  air,  or  of  mixed  dry  and  moist  air, 
are  giveti  in  Mr  Glaisher*a  Mygromdrical  Tables^  which  all  medical  officers 
are  advised  to  get. 

The  amount  of  w*atery  vapour  can  also  be  told  by  a  hair  hygrometer;  A 
modiHcati*>n  of  Saussure's  hygrometer  is  still  used  in  France,  and  also  in 
Russia  and  Norway.  A  human  hair,  freed  from  fat  by  digestion  in  liquor 
potassflB  or  ether,  is  stretched  between  a  fixed  point  and  a  i^niall  neetUe, 
which  traverses  a  scale  divided  into  100  parts.  As  the  hair  shortens  or 
elongates  the  needle  moves  and  indicates  the  relative  humidity.^  The  scale 
is  graduated  by  wetting  the  hair  for  complete  saturation,  and  by  placing  it 
over  sulphuric  acid  of  known  strength  for  fifteen  degrees  of  saturation.^  A 
very  delicate  instrument  is  thus  obtained,  w^hich  indieates  even  momentary 
changes  in  moisture.  On  comparison  with  the  wet  and  tlry  bulb,  it  has 
been  found  to  give  accordant  results  for  three  or  four  months;  it  then 
gradually  stretches,  and  requires  to  be  a  little  wound  up.  If  compared  with 
the  dry  and  wet  bulb,  the  hair  hygrometer  seems  to  be  exact  enough  for 
experiments  in  ventilation,  for  which  it  is  adapted  from  its  rapidity  of  indi- 
Ofttion.  It  has  also  been  recuni mended  by  the  Vienna  congress  for  use  ui 
fxtreme  climates,  when  the  indications  of  the  psychrometer  are  either  im- 
cert'iin  or  entirely  astray.*  The  horse-hair  hygrometer  of  Wolpert  is  also 
much  used  in  Germany. 

The  amount  of  watery  vapour  in  the  air  has  a  considerable  effect  on  the 
temperature  of  a  place.  Hemiiinn  von  Schhigmtweit  *  lias  pointed  out  that 
the  differences  between  the  temperatures  marked  in  the  sun  and  shade  by 
two  maximum  thermometers  are  chiefly  dependent  on  the  amount  of 
humidity.  The  maxima  of  insolation  (measured  by  the  diflierence  betw^een 
the  sun  and  shade  tliemmmoters)  occur  in  those  stations  and  on  those  days 
when  humidity  is  greatest.  Thus,  at  Calcuttii,  the  relative  humidity  being 
80  to  93,  the  insolation  (or  ditference  between  the  thermometers)  is  50* 
Fahr. ;  at  Beliari,  the  relative  humidity  being  60  to  65,  the  insolation  is  8* 
to  IF.  These  results  are  explained  by  Tyndall's  observations,  which  show 
that  the  transparent  Immidity  will  scarcely  aifect  the  sun's  rays  striking  on 
the  sun  thermometer ;  while  it  greatly  ol)striicts  the  radiation  of  invisible 
heat  from  the  thermometer;  w*hen  the  air  is  highly  clmrged  with  moisture, 

1  Hair  nhorteoi  when  dry  And  dloiigntei  whoa  moiit. 
«  Til     -   '  T  -•  in  of  the  scale  is  explained  in  The  Arctic  Manual^  p.  16. 
*  iv  tructioMfia,  47. 
*  Prr               jtheM^SociHy,  vol.  xlv.  p.  111,  1865, 
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the  sun  therm oraeter  is  constantly  gaining  heat  from  the  stm's  rays  ^Mtf 
it  loses  little  by  rtuliation,  or  if  it  iloe^  lose  by  radiation,  gains  it  again  horn 
the  air. 

When  watery  vapour  mixes  with  dry  air,  the  volume  of  the  latter  is  aag- 
mented ;  the  weight  of  a  cubic  foot  of  dry  air  at  60'  Fahr.  is  536*28  grains, 
and  that  of  a  cubic  foot  of  vaf>our  at  60**  is  5*77  grains ;  the  conjoint  weights 
would  be  542^05  grains  at  60\  but,  owing  to  the  enlaigement  of  the  air,lJie 
actual  weight  of  a  cubic  foot  of  saturated  air  at  GO**  is  only  532*84. 

SECTION  m. 

p  BAROMETER 

A  ilsBZidiid  mercurial  barometer  is  supplied  to  many  army  stiitions ;  the 
aeale  is  bmas,  graduated  on  the  scale  to  20thfi  or  half-tenths,  and  is  rtad  to 
j^j\^ths  by  means  of  a  vernier.  There  is  a  movable  bottom  to  the  cLstern^ 
which  is  worked  up  and  down  by  a  screw,  so  as  to  keep  the  mercury  m  the 
cistern  at  the  same  level     Correction  for  capacity  is  thus  avoided. 

To  Jix  the  Baromder, — Choose  a  place  with  a  good  light,  yet  protects! 
from  direct  sunliglit  and  rain  ;  fix  the  frame  sent  with  the  barometer  reiy 
carefully  with  a  pbimlvline,  so  as  to  have  it  exactly  perjjcndicular ;  tliea 
hang  the  barometer  on  the  hook,  and  adjust  it  gently  by  means  of  the  thrw 
screws  at  the  bottonii  so  that  it  hangs  truly  in  the  centre.  Test  this  by  the 
plumb-line  (a  4-oz.  weight  tied  to  a  string  will  do),  and  then  uuscrcw  tlip 
bottom  of  the  cistern  till  the  ivory  point  is  seen. 

Before  fixing  the  barometer  the  bottom  should  be  miscrewed  till  the  mer- 
cury is  two  or  three  inches  from  the  top ;  the  barometer  should  be  mlhei 
suddenly  inclined^  so  as  to  let  the  mercur)*^  strike  against  tlie  top ;  if  tliere 
is  no  air  it  will  do  this  with  a  sharp  click  ;  if  there  be  air  there  is  no  dick; 
in  that  case  screw  up  the  mercury  again  tiH  the  tube  is  full,  turn  the  Iwiro- 
meter  upside  down,  and  tap  the  side  forcibly  till  you  see  tlie  globule  of  air 
pissing  up  the  tube  through  the  mercury  into  the  cistern.  Do  not  be  afraid 
of  doing  this  ;  there  is  no  danger  uf  any  damage  tt3  tlie  instTuracut 

Bratitm}  of  Baromtter, — Read  the  attached  thermometer  Mrst ;  then  adjtist 
the  cistern,  so  that  the  ivory  point  (which  is  the  xero  of  the  scale),  known 
as  ilwjhlueial  pttinij  perceptible  through  the  glass  wall  of  the  cistern^  seeiM 
just  to  touch  the  point  of  the  image  in  the  mercury*  Then  acyast  Ihi 
vernier,  so  as  to  cut  off  the  light  from  the  top  of  the  mercury,  and  thus  be 
an  exact  tangent  to  the  meniscus.  Then  read  the  scale  with  the  help  of  tlie 
vernier. 

A  little  difficulty  is  sometimes  experienced,  by  those  wlio  are  not  accm 
toraed  to  such  instruments,  in  understanding  the  veniier.  It  will  be,  pr(v] 
bably,  comprehended  from  a  little  description,  read  with  the  instrumenl 
before  ua.  On  the  scale  of  the  baromet'er  itself,  it  will  be  seen  that 
smallest  divisions  correspond  to  half-tenths,  that  is,  to  -j^ths  of  on  in^ 
(  =  0*05).  The  height  of  the  mercury  can  be  read  thus  hu  on  the  scale  itsfltj 
The  vernier  is  intended  to  enable  us  to  rend  the  amount  of  space  the  top  of 
the  mercury  is  above  or  below  one  of  these  half-tenth  Hues.  It  will  be 
observed  that  the  vernier  is  divided  into  twenty -five  lines ;  but  on  adjusting 
it,  so  that  its  lower  lino  corresponds  with  a  line  indicating  an  inch,  it  %nll  be 
seen  that  its  twenty-five  divisions  only  equal  twenty-four  half-tenth  divisiow 
on  the  scale.  The  result  is,  that  each  division  on  the  vernier  is  ^tli  less 
than  a  half-tenth  division  on  the  scale.  One  Ti^tli  of  a  half-tenth  is  y^oxr^^^'^ 
of  an  inch  (0-05  ^  25  =  Q'^1  meV),  "^Vva  hmi'i  miderstood,  adjust  the  vernier 


CORRECTIONS  OF   BAUOMETER   FOB  TEMPERATURE,   ETC. 


423 


I 
^ 

^ 


80  that  its  lowest  line  accurately  corresponds  to  any  line  on  Uie  scale.  It 
will  then  be  seen  that  it«  lowest  line  but  one  is  a  little  distance  below  (in 
factj  0  002  inch)  the  next  line  on  the  fi^ed  scale.  Raise  now  the  vernier,  bo 
that  its  second  line  shall  correspond  to  the  line  on  the  scale  to  which  it  was 
a  little  below ;  and  of  eotirse  the  bottom  of  the  vernier  must  be  roij^ed  0002 
inch  above  the  line  it  first  corresponded  with.  If  the  next  line^  the  third 
on  the  vernier,  be  made  U>  correspond  with  the  line  on  the  srale  just  abov6 
it,  the  bottom  of  tlie  scale  must  be  niised  double  this  (0*004  incb)  above  the 
line  it  was  first  level  with ;  if  the  next  line  on  the  vernier  be  made  to 
correspond  with  a  line  on  the  scale,  the  sciile  raised  0*006,  and  so  on- 
Each  division  on  the  vernier  equals  0  002  inch,  and  each  five  divisions  equals 
yj^tht  or  0*01  inch. 

The  barometer  scale  is  read  thus  ;— Tlie  vernier  being  adjusted  to  the  top 
of  the  mercury,  read  on  the  scale  to  the  half-tenth  ;  then  look  above,  and  see 
what  line  on  the  vernier  corresponds  exactly  to  a  line  on  the  scale.  Then 
read  the  number  on  the  vernier,  counting  from  the  Ijottora  ;  multiply  by 
0002,  and  the  result  is  the  number  of  thousandths  of  an  inch  the  top  of  the 
mercury  is  above  the  half-tenth  line  next  below  it.^  Add  this  number  to 
that  already  got  by  direct  reading  of  the  fixed  scale,  and  the  result  is  the 
height  of  the  mercury  in  inches  and  deeimak  of  an  inch. 

Uorreciiom  for  the  Barometer, — The  barometer  supplied  to  military 
fltations  requires  no  corrections  for  capacity.  There  are  two  constant  cor- 
rectiooB  for  all  barometers,  viz.,  capillarity  and  in/iejr  error.  The  first 
depends  on  the  size  of  tlie  bore,  and  whether  the  mercury  has  been  boiled 
in  the  tube  or  not  Index  error  is  determined  by  comparison  with  a 
etandanl  barometer.  The  index  and  capillarity  errors  are  put  together. 
The  capillarity  error  is  always  additive  ;  the  index  error  may  be  subtractive 
or  additive,  but  the  two  together  form  a  constant  quantity,  and  the  ccrtiii- 
cates  furnished  by  the  Kew  01>servatory,  for  all  barometers  verified  there^ 
include  both  corrections  above  mentioned. 

Corrections  for  Tempfrature, — The  barometer  readings  are,  to  facilitate 
comparison,  always  reduced  to  what  they  would  have  been  were  both  scale 
and  mercury  at  32*  F,  If  the  temperature  of  the  mercury  be  abc»ve  thia^ 
the  metal  expands,  and  reads  higher  than  it  would  do  at  32*.  The  amount 
of  expansion  of  mercury  is  0 '000 1001  of  its  bulk  for  each  degree;  but  the 

^ linear  expansion  of  the  brass  scale  mnst  be  also  considered. 
Schumacher's  fommla  is  used  for  the  correction,  viz., 
1 


A^ observed  height  of  barometer  in  inchea. 
i— temperAttire  of  attached  thermometer  (Fahr.), 

*»  — Mpijimon  of  mercury  per  degree — viz.,  0 '0001001  of  its  length  at  82". 
»— linear  ezpaDsioii  of  acal«}  viz.,  0  00001 041 ;  tioriual  temperature  being  62*. 
.  m«-S2')-a(<-62'*) 
l  +  »n(f-32") 


To  facilitate  the  correction  for  temperature,  tables  are  given  in  Mr  R.  II. 
Scott's  Instrttdiom  in  ike  hm  of  Mettorological  InstrUTnents,  which  is  distri- 
buted to  medical  officers. 

Correction  for  Altitude  above  Sea-Level. — As  the  mercury  falls  about 
I0^Q0  (O'OOl  inch)  2  for  every  foot  of  ascent,  this  amount  multiplied  by  tlie 

1  luBtead  of  imiltiplying  tlie  TniTnl>er  on  the  Trrnier  by  U-002»  h  Mtfh  practice  will  enable 
the  eAlculation  to  be  mad'  '  vv{U  be  seen  i"  1,  2,  3^  4,  ai«l  5  ; 

comsaj.ondiiig  to  th«  blU.  Une«,  and  uOl,  002.  0  03, 

O-OI^  or  0  06  liirh,     K»cli  i:..        .    _    .  ..,:.-     :.  s  lin«»  wtiui^        ._  .     lu 

>  The  exjLLt  Amouiit  b  «  little  below  Uiuii  but  vnn^e  with  altitude ;  at  MMb-kvel  tbe  attiotiiat 
ta  0^)00886  for  uvery  foot  of  osceut. 
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number  of  feet  must  he  added  to  the  height,  if  the  place  be  above  sea4e 
Tlie  temperature  of  the  air  has,  however,  also  to  be  taken  into  accoimfc 
great  accuracy  is  required.     Tables  for  correcting  for  small  altitudes    are" 
given  in  Scott^s  Instniciiom. 

Whan  all  these  corrections  have  been  made,  the  eatact  height  of  the 
merciiry  represents  the  conjoint  weights  of  the  oxygen,  nitrogen,  carbon 
dioxide,  and  watery  vapour  of  the  atmosphere.  It  is  difficult  to  separate 
these  several  weights,  and  late  observations,  which  show  that  the  humiditj 
existing  at  any  place  is  merely  local,  and  tliat  vapour  is  most  unequally 
diffused  through  the  air,  render  it  cpiite  imcertain  %vhat  amount  of  th6 
mercury  is  support^nd  by  the  watery  vapour.  Yet  that  this  hiiE  a  considef 
able  eM'ect  in  altering  the  barometric  height^  particularly  in  the  tropica,^ 
seems  certain  (Herschel). 

The  height  of  the  Ijarometer  at  sea-level  differs  at  different  parts  of  Uie 
earth's  surface,  being  less  at  the  equator  (29  974)  than  on  either  side  of 
30*  N.  and  S,  lat,,  and  lessening  again  towards  the  poles,  especially  towards 
the  south,  from  63"^  t<i  74^"  S,  lat.,  where  the  depression  is  upwards  of  an 
inch.  It  also  ditfers  in  different  places  accorfling  to  their  geographic 
position.  Like  the  thermometer,  it  is  sulyectod  to  diurnal  and  annu 
periodic  chaoges  and  to  non-periodic  undulations. 

In  the  tropics  the  diurnal  changes  are  very  steady  :  there  are  two  ma 
and  two  minima ;  the  first  maximum  is  about  9  a,m.  ;  the  first  minimuu 
about  3  to  4  p.m,  ;  the  second  maximum  at  10  p,m,  ;  the  second  miinimun 
at  4  A.M.'^     These  changes  are,  perhaps,  chictly  dependent  on  the  wat 
vapour  (Hei'schel).     In  this  country  the  diurnal  range  is  less,  but  occurs 
about  the  same  lioura.     The  undulations  depend  on  the  constantly  ghi 
currents  of  air,  rendering  the  total  amount  of  air  over  a  place  hea\der  pr| 
lighter.     The  wind  tends  to  pass  towards  the  locality  of  least  Imrometricf 
pressure.     In  this  country  the  barometer  falls  with  the  south-west  wi; 
rises  with  the  north  and  east ;  the  former  are  moist  and  warm,  the  latter 
dry  and  cold  winds. 

Isobarometric  lines  are  lines  connecting  places  with  the  same  baromet 
pressure. 

MeasuremeTit  of  Heights. — The  barometer  falls  when  heights  are  ascended^  j 
as  a  certiin  weight  of  air  is  left  below  it.     The  diminution  is  not  uniform^-j 
for  the  higher  the  as<:ent  the  less  weighty  the  air,  and  a  greater  and  greater 
height  must  be  ascended  to  depress  the  barometer  one  inch.     This  is  illus- 
trated by  the  following  table ;  ^" 

To  lower  from  31  inches  to  SO- 
SO        , 
29        , 
28 
27 
2tJ 
25 
M  24 

23 
22 

21         , 
20 
19         ,. 

>  For  tlie  Briti&b  lales,  tlie  mean  tea-lev^  at  Liverpool  hjLS  been  Belected  by  tlio  Ordmaot'^ 
Surrev  m  their  datura.  ' 

^  The  differunee  between  tin*  maxinvum  nn<l  inimiutim  is  iit>out  ^of  tm  incli ;  this  <iiMi7i«| 
cbm^e  has  Dotbiiig  to  do  with  the  weaLlior.     (Blajifnrrl,  C7>.  cit.) 

*  Th<*  height  can  be  readily  taken  from  this  table,  by  cakuluting  the  ntimbcr  of  feet  mhitik 
WUBt  have  beeu  aflcoaded  to  cause  the  olxstirved  faU,  and  then  making  a  correotiou  for  tempos 


ateryj 


30-  857  f(?et  must  be  asoeaded. 

20-  886 

28 «  918 

27 «   951 

26-   086 

25-1025 

24  - 1008 

23-]]  13 

22-- 1101 

21-1216 

20-1276 

19-1341 

18  =  1413 

¥ 
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The  meiisurement  of  heights  in  this  way  is  of  great  use  to  medical  officers ; 
ftnei'<3i(l  barometers  can  be  used,  and  are  very  delicate  instruments.  The 
new  pocket  aneroids  will  measure  np  to  1 2,000  or  1 4^000  feeL 

A  great  nmnber  of  methods  are  in  use  for  calculating  heights.  It  can 
be  done  readily  by  logarithms,  but  then  a  medical  officer  may  not  possess 
a  table  of  logarithms. 

The  simplest  rule  of  all  is  one  derived  from  Laplace*^  formula,  Mr  Ellis  ^ 
has  stated  this  formula  as  follows : — Multiply  the  difference  of  the  baro- 
metric  readings  by  52,400,  and  divide  by  the  sum  of  the  barometric  read- 
ings. If  the  result  be  1000,  2000,  3000,  4000,  or  5000,  add  0,  0,  2,  6,  14, 
respectively.  Subtract  2|  times  the  difference  of  the  temperatures  of  the 
mercury.  Multiply  the  remainder  by  a  number  obtained  by  adding  836 
to  the  sum  of  the  temperatures  of  the  air  and  dividing  by  900,  A  correction 
must  also  he  made  for  latitude,  which  can  he  done  by  Table  III.  p.  427. 

Tables  such  as  those  given  by  Delcros  and  Oltmanns  are  very  convenient 
far  estimating  heights  by  the  han^meter.  A  table  less  long  than  these, 
but  l)ased  on  the  s^ime  principle,  has  been  given  by  Negretti  and  Zambra 
in  their  useful  work»^  and  is  copied  here. 

A  gotxl  mercurial  barometer,  with  an  attached  thermometer,  or  an  aneroid 
comfM'usated  for  temperatmre,  and  a  thermometer  to  ascertain  the  tempera- 
ture of  the  air,  are  required.  Two  barometers  and  two  thermometers,  which 
can  be  observed  at  the  same  moment  at  tlie  upper  and  lower  stations,  are 
desirable. 

Sujjpasing,  however,  there  is  but  one  barometer,  take  the  height  at  the 
lower  station,  and  correct  for  temperature  to  32*'.  Take  the  temperature  of 
the  air.  Ascend  as  rapidly  as  possible  to  the  upper  station,  and  take  the 
height  of  the  barometer  (correcting  it  to  32^)  and  the  temperature  of  the 
air  J  then  use  the  accompmying  tables,  taken  from  Negretti  and  Zambra'a 
work.  If  the  height  is  less  than  3000  feet,  Tables  II.,  III.,  and  IV.  need 
not  be  iiscd.^ 


turt?p  by  nitdtiiilybg  the  number  obtaintHl  from  the  table,  which  nmy  be  called  *i,  by  the  for* 
mulA  {i  \s  the  temperature  of  the  lower,  anil  t  of  the  upper  station) — 


C-'-l^) 


x^. 


1  Procnedinff*  tfikM  Moimt  Soeieiff,  1S65,  No.  75,  p.  3S3. 

'  A  Tftaiise  <m  Mikofmgkal  Jn^trurtunU,  by  Negrutti  and  Zanibra,  1861 

■  Bxplan/aium  of  TahUi, 

»  **T»ble  I.  is  calculfltcil  from  the  formula,  heij?ht  in  fe«t=60,200(log.  29*922-^log.  J) +925  ; 
where  29 '022  in  the  mean  atmoH^henc  pre^ure  at  32''  Fahr.,  and  at  the  meaji  »ea-level  in 
latitude  45* ;  and  B  iw  auy  other  barometrio  preseuxe  ;  the  925  beiug  added  to  aToid  mmiur 
DtgiM  in  tho  tabic. 

"Table  11.  contains  the  correction  neceftftary  for  tlie  mean  temperature  of  the  itmtum  of  air 

I  btitwefin  the  atatioiiJ^  of  obserratiou  :  aud  Ib  computed  from  lieguauU's  coeffici^at  for  tlie 

expansion  of  air,  which  if  0002036  of  it«  volume  at  32*  for  each  degree  alxjvc  that  temperature. 

*' Table  III.  ts  the  (correction  due  to  the  difference  of  gravitatiou  in  auy  other  latitude,  and 
[  i»  found  frniri  the  foniuiln,  x  =  l  +0  0<>2(55  coi  2  lat. 

**  Table  IV.  \n  to  correct  for  the  diiiiinution  of  gravity  in  aaoendtng  from  the  Boadevel. 

**  To  uiH*  these  tAble«i  :  The  barometer  readings  at  the  upper  and  lower  stiition*  having  been 
corrccUvl  nnr}  rcdtjctMl  \xy  temjwraturc  32*  Fahr.,  take  out  from  Table  L  the  numl»tT»  opiHMite 

tJjecrr      *    '      1  d  in  >i^4  of  the  two  barometers,  and  ftulitt»ct  the  lower  from  t'     *f  ^"iply 

tlii^  ^!  ,  c«y4>«ively  by  the  factors  found  in  l^ble*  II.  and  111.      I  ^'le 

111.  )i  .looted  unless  great  precision  u  dealred.     Finally^  add  <  ;  iken 

fro m  Tibbie  IV."    f  N egretti  and  Zanibni, ) 

In  the  table  the  barometer  is  only  read  to  lOths,  but  it  should  be  riHid  to  lOOtha  (O'Ol)  WdA 
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Table  I. — Approximate  Height  due  to  Barometric  Pressure. 


Inches  of 
Barometer. 

Feet 

Inches  of 
Barometer. 

Feet 

Inches  of 
Barometer. 

Feet. 

31-0 

0 

27-3 

3,823 

23-6 

7,181 

80-9 

84 

•2 

3,419 

•6 

7,242 

•8 

169 

•1 

3,516 

•4 

7,858 

•7 

254 

27-0 

8,612 

•8 

7,466 

•6 

839 

26-9 

3,709 

•2 

7,677 

•6 

425 

•8 

3,806 

•1 

7,690 

•4 

511 

•7 

3,904 

23-0 

7.808 

•3 

697 

•6 

4,002 

22-9 

7,917 

•2 

683 

•5 

4,100 

•8 

8,032 

•1 

770 

•4 

4,199 

•7 

8,147 

80  0 

857 

•3 

4,298 

•6 

8,262 

29-9 

944 

•2 

4,398 

•5 

8,378 

•8 

1,032 

•1 

4,498 

•4 

8,495 

•7 

1,120 

26-0 

4,588 

•3 

8,612 

•6 

1,208 

25-9 

4,699 

•2 

8,729 

•5 

1,296 

•8 

4,800 

•1 

8,847 

•4 

1,385 

•7 

4,902 

22-0 

8,966 

•8 

1,474 

•6 

6,004 

21-9 

9,085 

•2 

1,563 

•5 

5.106 

•8 

9,205 

•1 

1,653 

•4 

5,209 

•7 

9,825 

29  0 

1,743 

•3 

5,312 

•6 

9,446 

28-9 

1,833 

•2 

5,415 

•5 

9,667 

•8 

1,924 

•1 

5,519 

•4 

9,689 

•7 

2,015 

25-0 

5,623 

•3 

9,811 

•6 

2,106 

24-9 

6,728 

•2 

9,934 

•5 

2,198 

•8 

5,833 

•1 

10,058 

•4 

2,290 

•7 

5,939 

21-0 

10,182 

•3 

2,382 

•6 

6,045 

20-9 

10,307 

•2 

2,475 

•5 

6,152 

•8 

10,432 

•1 

2,568 

•4 

6,259 

•7 

10,668 

28-0 

2,661 

•3 

6,366 

•6 

10,684 

27-9 

2,754 

•2 

6,474 

•5 

10,812 

•8 

2,848 

•1 

6,582 

•4 

10,940     • 

•7 

2.942 

24-0 

6,691 

•3 

11,069 

•6 

3,037 

23-9 

6,800 

•2 

11,198 

•5 

3,132 

•8 

6,910 

•1 

11,328 

27-4 

3,227 

23-7 

7,020 

20-0  ^. 

11,458 

lOOOths  (O'OOl),  and  the  number  of  feet  corresponding  to  these  amounts  calculated  from  the 
table,  which  is  easy  enough. 

Example, — At  two  stations  the  barometer  read  respectively  29*9  and  21*2,  the  temperatures 
of  the  air  being  60*  and  40'. 

Barometer  at  upper  station,       .        .    21*2,  Table  I.,      .        9,934 
„  lower      „  .    29-9,        „  .  944 


Approximate  height, 

Mean  temperature  50',  Table  II.,  Factor, . 


Height  corrected  for  temperature, 
Latitude  (say)  30*,  Table  III.,  Factor, 


Height  corrected  for  latitude. 
Correction  from  Table  IV., 


Height  corrected  for  altitude,    . 

Height  of  lower  station  above  sea-level  (say). 

Final  corrected  height  of  upper  station  above  sea-level. 


8,990 
1-037 

9,323 
1-00182 

9,363 
26 

9,878 
150 

9,628 
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Table  II. — Correction  due  to  Mean  Temperature  of  ike  Air,  the  Temperature 
of  the  Upper  and  Lower  Stations  being  added  and  divided  by  2, 


Mean  Temp. 

Factor. 

Mean  Temp. 

Factor. 

Mean  Temp. 

Factor. 

lo- 

0-955 

35' 

1-006 

60* 

1-057 

ll 

•967 

36 

1-008 

61 

1-059 

12 

•959 

37 

1^010 

62 

1-061 

13 

•961 

38 

1^012 

63 

1-063 

14 

•963 

39 

1-014 

64 

1-065 

15 

•965 

40 

1016 

65 

1-067 

16 

•967 

41 

1-018 

66 

1069 

17 

•969 

42 

1-020 

67 

1-071 

18 

•971 

43 

1-022 

68 

1-073 

19 

•974 

44 

1-024 

69 

1-075 

20 

•976 

45 

1-026 

70 

1-077 

21 

•978 

46 

1-029 

71 

1-079 

22 

•980 

47 

1-031 

72 

1-081 

23 

•982 

48 

1-033 

78 

1-083 

24 

•984 

49 

1-035 

74 

1086 

25 

•986 

50 

1-037 

75 

1-088 

26 

•988 

51 

1-039 

76 

1090 

27 

•990 

52 

1-041 

77 

1-092 

28 

•992 

53 

1043 

78 

1094 

29 

•994 

54 

r045 

79 

1-096 

30 

•996 

55 

1047 

80 

1-098 

81 

0-998 

56 

1-049 

81 

1-100 

32 

1-000 

57 

1-051 

82 

1102 

83 

1^002 

58 

1053 

83 

1-104 

84 

1-004 

59 

1-055 

84 

1-106 

Table.  III. — Correction  due  to  Lifferefnce  of  Gravitation  in  Different 

Latitudes, 


LaUtnde. 

Factor. 

Latitude. 

Factor. 

Latitade. 

Factor. 

80* 

0-99751 

50- 

0-99954 

20' 

100203 

75 

0-99770 

45 

100000 

15 

1-00230 

70 

0-99797 

40 

1-00046 

10 

100249 

65 

0-99880 

85 

1-00090 

5 

1-00261 

60 

0-99868 

30 

1-00182 

0 

1-00265 

55 

0-99910 

25 

1-00170 

Table  IV. 


Height  in 

Correction 

Height  fai 

Correction 

ThonoandFeet 

AddiUre. 

Thousand  Feet 

Additire. 

1 

3 

9 

26 

2 

5 

10 

30 

3 

8 

11 

83 

4 

11 

12 

37 

5 

14 

13 

41 

6 

17 

14 

44 

7 

20 

15 

48 

8 

28 

A  very  simple  rule  for  approximative  determinatioiiB  has  been  given  by 
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Mr  E.  Strachan.^    Head  the  aneroid  to  the  nearest  hundredth  of  an  inch ; 

subtract  the  upper  reading  from  the  lower,  leaving  out  or  neglecting  the 

decimal  point :  multiply  the  difference  by  9  :  the  product  is  the  elevation  in 

feet. 

Example.  iDches. 

Lower  station, 80*26 

Upper      „ 29-02 

123 
9 

Elevation, 1107  feet. 

If  the  barometer  at  the  upper  station  is  below  26  inches,  or  the  temperature 
above  70°,  the  multiplier  should  be  10. 

Weighi  of  the  Air, — ^The  barometer  expresses  the  weight  of  the  air  in 
inches  of  mercury.  The  actual  weight  can  be  determined  if  the  reading  of 
the  barometer,  temperature,  and  humidity  are  all  known. 

The  weight  of  a  cubic  foot  of  dry  air,  at  32°  Fahr.  and  normal  pressure,  is 
566*85  grains.  For  any  other  temperature  the  weight  can  be  calculated. 
Multiply  the  coefficient  of  the  expansion  of  air  (viz.,  0*0020361  for  1*  Fahr.) 
by  the  number  of  degrees  above  32,  the  product  added  to  unity  will  give  the 
volume  of  a  cubic  foot  of  dry  air  at  that  temperature.  Divide  566*85  by  the 
number  so  obtained.  The  result  is  the  weight  of  the  dry  air  at  the  given 
temperature. 

SECTION  IV. 

RAIN. 

Rain  is  estimated  in  inches ;  that  is,  the  fall  of  an  inch  of  rain  implies 
that  on  any  given  area,  say  a  square  yard  of  surface,  rain  has  fallen  equal  to 
one  inch  in  depth.  The  amount  of  rain  is  determined  by  a  rain-gauge. 
Two  gauges  are  supplied  for  military  stations;  one  to  be  placed  on  the 
ground,  one  20  feet  above  it ;  in  all  parts  of  the  world  the  latter  indicates 
less  rain  than  the  lower  placed  gauge ;  this  is  due  to  wind.^ 

Several  kinds  of  gauges  are  in  use.  The  one  used  in  the  army  is  a 
cylindrical  tin  box  with  a  rim  or  groove  at  the  top ;  a  circular  top  with  a 
funnel  inside  fits  on  to  this  groove,  which,  when  filled  with  water,  forms  a 
water  valve.  The  opening  above  is  circular  (the  circle  being  made  very 
carefully,  and  a  rim  being  carried  round  it  to  prevent  the  raindrops  from 
being  whirled  by  wind  out  of  the  mouth),  and  descends  funnel-shaped,  the 
small  end  of  the  funnel  being  turned  up  to  prevent  evaporation.  But  leaves, 
dust,  or  insects  sometimes  choke  this  tube,  so  that  it  is  now  generally 
straightened,  the  loss  by  evaporation  being  insignificant  compared  with  that 
caused  by  obstruction.  The  best  size  for  the  open  top,  or,  in  other  words, 
the  area  of  the  receiving  surface,  is  from  50  to  100  square  inches.  The 
lower  part  of  the  box  is  sunk  in  the  ground  nearly  to  the  groove ;  the  upper 
part  is  then  put  on,  and  a  glass  vessel  is  placed  below  the  funnel  to  receive 
the  water.^  At  stated  times  (usually  at  9  a.m.  daily)  the  top  is  taken  off, 
the  glass  vessel  taken  out,  and  the  water  measured  in  a  glass  vessel,  graduated 
to  hundredths  of  an  inch,  which  is  sent  with  the  gauge.^ 

1  Pocket  Altitude  Tables,  by  G.  J.  Synions,  F.R.S.,  Srd  ed.,  1880,  p.  5. 

«  See  Bntish  RaivfaU  (G.  J.  Syraons,  F.R.S.),  1872,  p.  33,  and  1881,  p.  41. 

*  A  glass  vessel  should  not  be  use<l  in  winter,  for  fear  of  breakage  in  frost. 
If  this  glass  is  broken  it  can  be  replaced  by  the  following  nile,  or  a  rain-gange  can  be 
Ifti    It  need  not  be  round,  though  this  is  now  thought  the  best  form,  but  may  be  a 
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If  enow  falls  instead  of  rain,  it  must  l>e  melted  and  the  resulting  water 
measured.  This  m:iy  he  easily  done  by  adding  a  measured  quantity  of 
warm  water,  and  then  subtracting  the  amount  from  the  total  bulk  of  water. 

From  a  table  of  the  weight  of  vapour,  it  will  be  seen  that  the  amount  of 
vajxjur  which  can  be  rendered  insensible  increaaea  with  the  temperature, 
but  not  regularly ;  more,  comparatively,  is  taken  up  by  the  high  tempera- 
ture^;  thus,  at  40^  2*86  grains  are  supported  in  a  cubic  foot  of  air;  at  bQ% 
4*10  grains,  or  1*24  grains  more;  at  60°,  5*77  grains,  or  1*67  grains  more 
than  at  50**.  Therefore,  if  two  currents  of  air  of  unequal  tem[)eratures, 
but  equally  saturated  with  moisture,  meet  in  equal  volume,  the  temiwrature 
w\\\  be  the  mean  of  the  two,  but  the  amount  of  vapour  which  viall  be  kept 
invisible  i^  less  than  the  mean,  and  some  vapour  therefore  necessarily  falls 
as  fog  or  rain.  Thus  one  saturated  current  being  at  40"*,  and  the  other 
at  60^,  the  resultant  temperature  will  be  50"*,  but  the  amount  of  invi.^ible 
vapour  will  not  he  the  mean^  viz,,  4*315,  but  4*1  ;  an  amount  equal  to 
0^215  will  therefore  be  deposited. 

Rain  is  therefore  owing  to  the  cooling  of  a  saturated  air,  and  rain  is 
heaviest  under  the  following  conditions, — when^  the  temperature  being  high, 
and  the  amoimt  of  vapour  large,  the  hot  and  moist  air  sixjn  encounters  a 
cold  air.  These  conditions  are  chiefly  met  with  in  the  tropics,  when  thti 
hot  air,  saturated  with  vapour,  impinges  on  a  chain  of  lofty  hiils  over  which 
the  air  is  cold.  The  fall  may  amoimt  t^i  260  inches,  as  at  Mahableshwar, 
on  the  Malabar  coast  of  India,  or  180  to  220  in  Southern  Biirmah,  or  600  at 
Cherrapuiiji,  in  the  Khiisyah  Hills*  Even  in  our  own  country  the  hot  air 
from  the  Gulf  Stre^im  impinging  on  the  Cumberland  Hills  causes,  in  some 
districts,  a  fall  of  80,  100,  200,  and  even  more  inches  in  the  year. 

The  average  of  the  kingdom  is  about  30  inches^  which  is  almost  exactly 
that  of  Netley  (29*72),  on  an  average  of  26  years,  1864-89* 

The  rainfall  in  diiierent  places  is  remarkalily  irregular  from  year  to  year  ; 
thuts  at  Bombay,  the  mean  being  76,  in  1822  no  less  than  112  inches,  while 
in  1824  only  34,  inches  fell 

The  amoimt  of  rain  at  the  different  foreign  stations  is  given  under  the 
respective  headings. 

SECTION  V. 
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EVAPORATION. 

The  aniomit  of  evaiK>rotion  from  a  given  moist  surface  is  a  problem  of 
great  interest,  but  it  is  not  easy  to  determine  it  experimentidly,  and  no 
instrument  is  issued  in  the  army  for  this  purpose. 

The  rate  of  evaporation  may  be  calcidated  from  the  depression  of  the  wet- 
bulb  thermometer,  by  deductbig  the  ela^atic  force  of  vapour  at  the  dew-|)omt 

aquan  box  of  meUl  or  wood,  and  may  be  of  aay  sixt  between  3  and  24  inches  in  diani«t«r, 
but  &  to  8  is  tbe  mcwt  convenient  range. 

Determine  Ui«  ariea,  in  square  inchea,  of  tbe  receiving  snrfooe,  or  top  of  tbe  gauge,  by 
cansful  mesAurpmeuL  Tltis  area^  if  covertnl  with  water  to  the  deigbt  of  one  Incn,  would 
give  Qs  A  corresponding  amount  of  cubic  tncbeq.  This  nunib«ir  of  cubic  inches  i&  the 
lueasure  for  that  ^auge  of  on«  inchf  because  wbeo  the  rain  equaLi  that  quantity  it  shows 
that  one  inch  of  ram  has  fallen  over  the  whole  surface. 

Let  us  Miy  the  area  of  the  receiving  surface  ia  100  square  inches.  Take  100  cubic  inches 
of  water  auil  put  it  into  a  glass,  nut  a  mark  at  tbe  height  of  the  llaid,  a&il  divide  the  glass 
b^low  it  into  lOO  equal  parts.  If  the  rainfall  coiuc«i  up  to  the  mark,  oue  inch  of  rain  baa 
fallen  on  each  sauare  inch  of  surface ;  if  it  only  comes  up  to  a  mark  below,  tome  amount  leM 
than  an  ineh  (wnich  i»  bo  expreaiied  in  ^ths  and  T^th^^)  has  fallen. 

To  get  the  requisite  number  of  cubic  inches  of  water  we  can  weigh  or  mcAiSuro.  ▲  cnbio 
inch  of  water  at  62*  weighs  252^458  grtina,  eo&aequontly  100  ottbio  incio  will  U  ('i&2'458  x  100) 
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temperature  from  the  elastic  force  at  the  aii'  temperature,  and  taking  the 
difference  as  expressing  the  evapctration.  This  difference  expresses  the  foroe 
of  efifape  of  vapour  from  the  moist  surface. 

Instruments  termed  Aimomettrs  and  Atmidometers  have  been  used 
this  purpose  ;  the  first  was  invented  by  Leslie. 

The  amount  of  evtiporation  is  influenced  by  temperature,  wiiid»  liumii 
of  the  air,  rarefaction  of  the  air,  degree  of  exposure  or  shading,  and 
the  nature  of  the  moist  surface ;  it  is  greater  from  moist  soil  thaji 
water. 

The  amount  of  vapour  annually  rising  from  each  square  inch  of  water 
surface  in  this  country  has  been  estimated  at  from  20  to  24  inches  ;  in  the 
tropical  seas  it  has  been  estimated  at  from  80  to  130,  or  even  more  inch« 
In  tlje  Indian  Ocean  it  has  been  estimated  at  as  much  as  an  inch  in  tiren  _ 
four  hours,  or  365  in  the  year,  an  almost  incredible  amoimt*  No  doubV 
however^  the  quantity  is  very  great. 

It  requires  an  effort  of  imagination  to  realise  the  immen8e  distillatioa 
which  goes  on  from  the  tropical  aeas»  Take  merely  60  inches  as  the  unnu^ 
distillation,  and  reckon  this  in  feet  instead  of  inches,  and  then  proceed  to 
calculate,  the  weight  of  the  water  rising  annually  from  such  a  small  space 
as  the  Eay  of  Bengah     The  amount  is  almost  incredible* 

This  distillatiiin  of  "vvater  serves  many  great  juirposes.  Mixing  with  th^ 
air  it  i^  a  vast  motive  power,  for  its  sjwcitic  gravity  is  very  low  (0*6230, 
being  I),  and  it  causes  an  enlargement  of  tlie  volume  of  air  ;  the  moi$t 
is  therefore  much  lighter^  and  ascends  with  great  rapidity ;  the  distiUadail 
also  causes  an  immense  transference  of  heat  from  the  tropics,  where  the 
evaporation  renders  latent  a  great  amount  of  heat,  to  the  extra-tinpical 
region  where  this  vapour  faUs  as  rain,  and  consequently  parts  with  its 
latent  heat.  The  evaporation  also  has  been  supposed  to  he  a  great  cftiiM 
of  the  ocean  currents  (Maury),  which  play  so  important  a  part  in  the  dis- 
tribution of  winds,  moisture^  and  warmth. 


SECTION  YI. 

WIND. 

Dirtriion.—YoT  detennining  the  direction  of  the  wind  a  vane  is  neceettsqf.^ 
It  should  be  placed  in  such  a  position  as  to  be  able  to  feel  the  influence 
the  wind  on  all  sides,  and  not  be  suhjected  to  eddies  by  the  vicinity  of  build- 
ings, trees,  or  hills.     The  points  must  be  fixed  by  the  compass,*  the  mag- 
neti«*  declination  being  taken  into  acconnt ;  the  dech nation  of  the  place  must 
be  obtiiined  from  the  nearest  Observatory,  in  this  country  it  is  now  a  little 
over  1 7*  {i>r  nearly  two  points)  to  the  westward  of  true  north.*     The  direction  I 
of  the  wind  is  registered  twice  daily  in  the  army  returns,  but  any  unusual 
shifting  should  receive  a  special  note.     The  course  of  the  wind  is  not  always  i 
parallel  with  the  earth ;  it  sometimes  blows  slightly  downwards  y  oontriT- 

= 26245-8  grainB,  or  67 '7  oimcisi  avoir.  But  an  easier  way  still  is  to  meaaum  tli«  water  :^j 
an  ounce  by  measure  jjt  equal  to  1*728  cubic  iach€B,  therefore  divide  100  hj  1728,  and  w«1 
obtain  the  number  of  ounces  avoir,  which  oorresponds  to  100  ouMc  incbeA.  It  is  alwajt  \ 
best,  however,  to  uie  a  gauge  made  by  a  regular  maker^  \t  possibte,  aa  inaecaiate  reoovda  an  i 
worwo  tliaa  none. 

Usually  a  one-inch  nieasore  ia  to  large  a  glass  that  half  an  inch  it  oansidflmd 
convenient. 

,  better  still,  by  the  pole  star, 
\  N.  mngnetia  will  oe  N*N.W«  true,  S.  magnetic  S,S.E.  true,  and  ao  oq. 
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ances  have  been  employed  to  measure  this,  but  the  matter  does  not  seem 
important. 

To  ascertain  the  mean  direction  of  the  wind ;  give  a  numerical  value  to 
each  observation,  and  then  analyse  them.  Thus,  suppose  we  read  to  16 
points  and  give  a  numerical  value  of  8  to  each  observation :  if  the  wind  were, 
say  due  N.,  then  we  should  have  8  N. ;  if  N.W.,  we  should  have  4  N.  and 
4  W. ;  if  N.N.W.,  we  should  have  6  N.  and  2  W.  Suppose  now  we  have  the 
following  observations:— -N.,  K  W.,W.,  N.N.W.,  S.K,  KS.E,  S.W.,W.S.W., 
S.,  S.W. ;  giving  each  a  numerical  value  of  8  we  should  have — 
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Then  setting  off  the  opposite  directions  against  each  other  we  should  have — 

a     c%A  xrr     no 
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N.  18 


W. 
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10 


Nett,  S.  6     Nett,  W.  18 

This  would  give  us  an  angle  of  about  67  J",  or  a  mean  direction  of  nearly  W.S.W. 

Velocity, — A  small  Robinson's  anemometer  is  now  supplied  to  each  sta- 
tion ;  it  is  read  every  twenty-four  hours,  and  marks  the  horizontal  move- 
ment in  the  preceding  twenty-four  hours. 

This  anemometer  consists  of  four  small  cups,*  fixed  on  horizontal  axes  of 
such  a  length  (1*12  feet  between  two  cups),  that  the  centre  of  a  cup,  in  one 
revolution,  passes  over  y^^^th  of  a  mile,  the  circumference  being  3*52  feet. 
These  cups  revolve  with  about  a  third  of  the  wind's  velocity  ;  500  revolu- 
tions of  the  cups  are  therefore  supposed  to  indicate  one  mile,  and  by  an 
arrangement  of  wheels  the  number  of  miles  traversed  by  the  wind  can  be 
approximately  ascertained. 

Osier's  anemometer  is  a  large  and  very  beautiful  instrument.  It  registers 
simultaneously,  on  a  piece  of  paper  fitted  on  a  drum  which  is  turned  by 
clock-work,  direction,  velocity,  and  pressure. 

Casella's  self -registering  instruments  register  velocity  and  direction  in  a 
very  ingenious  way. 

Other  anemometers,  Lind's,  Whewell's,  &c.,  need  not  be  described. 

The  average  velocity  of  wind  in  this  country  near  the  surface  of  the  earth 
is  from  6  to  8  miles  per  hour ;  its  range  is  from  something  over  zero  to 
60  or  even  70  miles  per  hour,  but  this  last  is  very  rare  ;  it  is  seldom  more, 
even  in  heavy  winds,  than  35  to  45  miles  per  hour.  In  the  hurricanes  of 
the  Indian  and  China  seas  it  is  said  to  reach  100  to  110  miles  per  hour. 

Some  observations  have  been  made  by  M.  Angot  from  the  summit  of  the 
Eiffel  Tower  in  Paris.  Two  anemometers  were  used,  and  simultaneous 
records  taken,  one  being  at  the  top  of  the  tower  (300  metres  high),  the 
other  at  the  Central  Meteorological  Office,  Paris,  at  a  height  of  21  metres 
from  the  ground.  The  records  were  taken  daily  for  100  days,  commencing 
in  J\me  1889.  The  average  movement  of  the  air  near  the  ground  was  five 
miles  an  hour,  while  the  movement  at  the  top  of  the  tower  averaged  15  J 
miles  an  hour.^ 

Force, — The  force  of  the  wind  is  reckoned  as  equal  to  so  many  pounds  or 

1  The  current  of  air  is  opposed  one-fourth  more  by  a  concave  surface  than  by  a  convex  one 
the  same  size, 
s  Comptes  JUndua,  1889,  iL  697. 
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parts  of  a  pound  on  a  square  foot  of  surface.  Osier's  anemometer,  as  just 
stated,  registers  the  force,  as  well  as  the  velocity  and  direction,  but  Bobin- 
son's  (used  in  the  army)  marks  only  the  velocity ;  the  force  must  then  be 
calculated.  The  rule  for  the  calculation  of  the  force  from  the  velocity  is 
as  follows : — 

Ascertain  the  mean  velocity  per  hour  by  observing  the  velocity  for  s 
minute  and  multiplying  by  60  ;  then  square  the  hourly  velocity  and  multi- 
ply by  0*005.  The  result  is  the  pressure  in  pounds  or  parts  of  a  pound  per 
square  foot. 

The  formula  is,  if  V  =  velocity  per  hour. 

V2    X    -005   =   P. 

If  the  force  be  given,  the  velocity  may  be  found : 

^200  P  =  V. 

When  no  anemometer  is  in  use,  the  Beaufort  scale  may  be  employed, 
0  =  calm,  about  3  miles  an  hour, — and  12  =  hurricane,  90  miles  and  over. 


SECTION  VII. 
CLOUDS. 

The  nomenclature  proposed  by  Howard  ^  is  now  almost  universallj 
adopted. 

There  are  three  principal  forms  and  four  modifications. 

Principal  Forms, 

Cirrus. — Thin  filaments,  which  by  association  form  a  brush,  or  woolly 
hair,  or  a  slender  net-work.  They  are  very  high  in  the  atmosphere,  pro- 
bably more  than  10  miles,  but  the  exact  height  is  unknown.  It  has  even 
been  questioned  whether  they  are  composed  of  water;  if  so,  it  must  be 
frozen.     In  this  climate  they  come  from  the  north-west. 

Cnniulus. — Hemispherical  or  conical  heaps  like  mountains  rising  from  a 
horizontal  base ;  cumuli  are  often  compared  to  balls  of  cotton. 

Stratus, — A  widely  extended,  continuous  horizontal  sheet,  often  forming 
at  sunset. 

Modifications, 

Cirro-cumuliis. — Small  rounded,  well-defined  masses,  in  close,  horizontal 
arrangement;  when  the  sky  is  covered  with  such  clouds  it  is  said  to  be 
fleecy. 

Cirrostrattis, — Horizontal  strata  or  masses,  more  compact  than  the  cirri ; 
at  the  zenith  they  seem  composed  of  a  number  of  thin  clouds ;  at  the  hori- 
zon they  look  like  a  long  narrow  band. 

Cumulo-stratus. — Stratus  blended  with  cimiulus. 

Cumvlo-drrostraitis,  Nimbus^  or  Rain-cloud. — A  horizontal  sheet  above 
which  the  cirrus  spreads,  while  the  cumulus  enters  it  laterally  or  from 
below. 

Of  the  above  forms  Nos.  1,  2,  and  3  of  the  plate  (copied  by  permission 
from  Mr  Scott's  Instructions)  are  "upper"  clouds;  the  others  are  "lower" 
clouds.     To  those  described  is  added  the  form  shown  in  No.  5,  viz.,  MoU- 

1  Climate  of  London. 
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cumntm^  which  consista  of  portions  of  cumulus  rolled  into  a  cylindrical 
shape,  and  eitlier  separate  or  packed  together,  as  shown  m  the  plate. 
Alongside  the  names  in  the  plates  are  coiitractdons,  which  ought  to  be  used 
ill  description 

Edimation  of  Amuunt  of  Cloud. — This  is  done  by  a  system  of  niimhera  : 
0  expresses  a  cloudless  sky^  10  a  jwrfectly  cloutled  sky,  the  intc^rmediate 
numbers  various  degrees  of  cloudioess.  To  get  these  numbers,  look  midway 
between  the  horizon  and  zenith,  aiul  thea  turn  slowly  round,  and  judge  as 
well  as  can  be  done  of  the  relative  amount  of  clear  and  clouded  sky.  This 
is  to  be  entered  without  reference  to  the  thickness  of  the  cloud. 

SECTION  YIIL 


OTHER  :VIETEOROLOGICAL  CONDITIONS. 

OzoKE.^^ — Papers  saturated  with  a  comp>i:>sition  of  iodide  of  potassiiun  and 
starch,  and  exposed  to  the  air,  are  supposed  to  indicate  the  amount  of  otone 
present  in  the  atmosphere.  Schonbem,  the  discoverer  of  ozone,  originally 
prepiired  such  papers,  and  gave  a  scale  by  which  tlie  depth  of  blue  tint  was 
estimated.  Subsequently  similar  but  more  sensitive  papers  were  prepared 
by  I>r  ^loflat^  and  Mr  Lowe  afterwards  improved  on  Mofllit's  papers,  and 
also  pre  [tared  some  ozone  powders. 

The  i>tipers  are  exi>psed  for  a  definite  time  to  the  air,  if  jxissible  with  the 
exchision  of  light,  and  the  alteration  of  colour  is  comjiared  with  a  scale, 

Sehcinbein's  proportions  are — 1  part  oi  part  iotlide  of  potassium,  10  part^ 
sfcartdi,  and  200  parts  of  water.  Lowe's  proportion  is  1  part  of  iodide  to  5 
of  starch  ;  Motlat's  projKurtion  is  1  to  2i.  The  starch  should  be  dissolved 
in  cold  water,  and  filtered  so  that  a  clear  solution  is  obtained ;  the  iodide  is 
dissolved  in  another  ix)rtion  of  water,  and  is  gnidually  added.  Both  must 
be  perfectly  pure  ;  the  be^t  arrowToot  ^liuuld  be  used  fur  starch. 

The  paper,  prepared  by  being  cut  into  slips  (so  as  t^  dry  quicker  and  to 
avoid  loss  of  the  powder  in  cutting)  and  soaked  in  distilled  water,  is  placed 
in  the  mixed  iodide  and  starch  for  four  or  five  hours,  then  removed  with  a 
pair  of  pincers,  and  slowly  dried  in  a  cool  dark  place,  in  a  horizontal 
position.  The  bist  point  is  important,  as  otherwise  a  large  amount  of  the 
iotlide  drains  down  to  one  end  of  the  paper,  and  it  is  not  wjually  diflnsed* 
The  papers  when  used  should  hang  loose  in  a  place  protected  from  tlie  smi 
and  rain :  a  box  is  unnecessary ;  they  should  not  lie  touched  with  the 
fingers  more  tlmn  can  \m  helped  when  they  are  adjusted. 

Wlion  Schiinbein's  papers  iire  used  tljcy  are  moistened  with  water  after 
exposure,  but  before  the  tint  is  Liken,  ilotfat's  papers  ar*:^  prepared  stime- 
what  similarly  to  Schonbein*s,  but  do  not  re<:|iurc  moist^^ning  with  water. 

The  estimation  of  ozone  is  still  in  a  very  unsatisfactory  state,  and  this 
arises  from  two  circumstances* 

L  The  fact  that  other  substances  beside  ozone  act  on  the  iodide  of 
potassium,  especially  nitrous  acid,  which  is  formed  in  some  quantity  during 
electrical  storms,  Cloez  has  shown  that  air  tiiken  aljout  one  metre  above 
the  ground  often  contains  nitrous  acid  in  sufficient  quantity  to  redden 
litmus.  Starch  and  iodide  paper  is  coloured  when  air  contains  0*00005  of 
its  volume  of  niti*ous  acid. 

2.  The  fact  that  the  papers  can  scarcely  he  put  under  the  same  con* 

1  For  a  fall  accoout  of  the  tests  of  oxone,  see  Dr  Fox's  work  on  Ozumt  and  j^fUofone,  1878, 
aInfAily  r«fi*rre\l  to«  After  diicttHiitifi^  all  t)it<  %^Xa,  lie  giviw  th«  itrefemace  to  the  loilin^ 
plan.     He  hiu  not  found  Sch£>DbctQ**  tlmUium  niL*thcxl  satiMfactory. 
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ditions  from  day  to  day ;  light,  wind,  humidity,  and  temperature  (by  ex- 
pelling the  free  iodine)  all  affect  the  reaction. 

Chemical  objections  have  also  been  made.^  Supposing  that  iodine  is  set 
free  by  ozone,  a  portion  of  it  is  at  once  changed  by  additional  ozone  into 
iodozone,  which  is  extremely  volatile  at  ordinary  temperatures,  and  is  also 
clianged  by  contact  with  water  into  free  iodine  and  iodic  acid.  Hence  a 
portion  of  the  iodine  originally  set  free  never  acts  on  the  starch,  being 
either  volatilised  or  oxidised.  Again,  the  iodine  and  caustic  potash  set  free 
by  the  ozone  combine  in  part  again,  and  form  iodate  and  iodide  of  potassium 
(^th  of  the  former  and  |-ths  of  the  latter),  and  in  this  way  the  blue  colour 
of  iodide  of  starch  first  produced  may  be  removed.  The  ozone  may  possibly, 
and  probably,  act  on  and  oxidise  the  starch  itself,  and  hence  another  error. 

The  conclusion  arrived  at  by  the  Vienna  congress  was  the  following : — 
"  The  existing  methods  of  determining  the  amount  of  ozone  in  the  atmosphere 
are  insufficient,  and  the  congress  therefore  recommends  investigations  for 
the  discovery  of  better  methods." 

Eledricitif. — The  instruments  used  by  meteorologists  are  simple  electro- 
scopes, with  two  gold-leaf  pieces  which  diverge  when  excited,  or  dry 
galvanic  piles  acting  on  gold-leaf  plates  or  an  index  attached  to  a  Leyden 
jar  (Thomson's  Electrometer).  For  further  details,  see  Scott's  fnstruetiotu, 
op.  cit. 

Weather, — In  registering  the  kind  of  weather,  it  is  well  to  adhere  to  the 
Beaufort  notation  and  symbols,  which  are  carefully  explained  in  Scott's 
Instructions,     Columns  are  given  in  the  return  to  be  filled  up  in  this  way. 

Diseases  and  Variations  in  the  Meteorological  Elements. — ^The  variation  in 
the  prevalence  of  different  diseases  at  a  particular  place,  in  connection  with 
the  simultaneous  variation  of  meteorological  elements,  is  an  old  inquiry 
which  has  at  present  led  to  few  results.  The  reason  of  this  is  that  the 
meteorological  elements  are  only  a  few  out  of  a  great  many  causes  affecting 
the  prevalence  and  severity  of  diseases.  Consequently,  in  order  to  estimate 
the  real  value  of  changes  of  temperature,  pressure,  humidity,  ozone,  &c.,  the 
other  causes  of  disease,  or  of  variations  in  prevalence  or  intensity,  must  be 
recognised  and  eliminated  from  the  inquiry.  The  best  of  the  modem 
observations  are  those  by  Guy,  Rinsome,  Vernon,  Moffat,  Tripe,  Scoresby- 
Jackson,  Ballard,  Mitchell,  and  Buclian.  Observations  have  also  been  made 
by  Fodor  and  others  on  the  continent  of  Europe,  and  by  various  observers  in 
America  and  elsewhere.  But  they  must  be  much  more  extended  and 
numerous  before  anything  practical  can  be  dra>vn  from  them. 


1  Deitragezur  Ozonometrie,  vou  Dr  y.  Maach ;  Archiv/Ur  Wiss.  UeiUc^  Band  ii  p.  29. 
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The  term  dmnjWtattl,^  wliicli  has  now  come  into  popular  iise»  has  unfor- 
tunately heen  employed  in  several  senses.  By  some  it  is  applied  to  every 
agwnt  which  ctin  remove  impurity  from  the  air  ;^  by  others  ti>  any  substance 
whitih,,  hesides  acting  aa  an  air  pnriiior»  can  also  modify  chemical  ju'tioii,  or 
ifstrairi  putreftiction  in  any  sulistmicei  the  eftluvia  from  which  may  con- 
taminate the  air ;  while,  by  a  third  pirty,  it  is  nsed  only  to  designate  the 
ituhstaJierit  which  can  j^rernif  infrcHom  distaf^ea  from  sprendimy^  hij  deMrntjinff 
their  fpectfic  poisons.  This  la*st  sense  is  the  most  correct,  and  it  is  that 
whitdi  is  solely  used  here.  The  mode  in  whicli  the  jKnisons  are  destroyed, 
whether  it  Ije  by  oxidation,  deoxidation,  or  arrest  of  growth,  is  a  matter  of 
inditferenee,  provided  the  deistrwetion  of  the  poison  is  accomplished.  The 
general  tenn  air  ifurifier  is  given  in  this  work  to  those  agents  which  in  any 
way  cleanse  the  air,  and  whicli  therefore  include  disinfectants ;  and  the  term 
deodorants  to  those  substances  which  are  used  to  prevent  putrefaction  in 
excreta  or  in  waste  animal  or  vegetable  mattera,  or  to  remove  the  products 
of  putrefaction.  In  a  great  many  instances  the  substances  which  are  recom- 
toeuded  as  di^infectmih  are  little  more  than  deodorants^  and  ouglit  properly 
to  be  sjKjlven  of  as  such. 

The  chief  human  diseases  which  are  supposed  to  spread  by  means  of 
special  agencies  (conveniently  designated  under  the  name  of  '*  contagia  ")  ' 
are — the  exanthemata;  typhtjs  exanthematicus ;  enteric  fever;  relapsing 
fever  ;  yellow  fever  ;  paroxysmal  and  t!ie  allied  remittent  fevers ;  dengue  ; 
eholeni ;  bulx)-plague ;  influenza  ;  whooping<'ough  ;  diphtheria  ;  erysiplns ; 
dysenttTy  (in  some  cases);  puerjieral  fever;  syphilis;  gonorrhoea  ;  glanders; 
farcy  ;  anthrax  or  malignant  pustide  ;  tubercular  phthisis,  and  leprosy. 

It  has  long  been  a  belief  that  the  spread  of  the  infectious  diseases  might 
be  preveiiteil  by  destroying  the  agencies  in  some  \vay,  and  various  fumiga- 
tions, fires,  and  similar  plans  have  been  employed  for  centuries  during  great 
epidemics. 

In  oriler  to  apply  didnfieiion  in  the  modem  sense  of  the  term,  we  ought 
ti:*  know — 1*^,  the  nature  of  these  contagious  agencies ;  2ndy  the  media 
through  wliieh  they  spread  ;  and  3rrf,  the  effect  produced  upon  them  by  the 
chemical  methods  which  are  supposed  to  destroy  or  modify  them. 


1  KefeTQQoe  nuif  be  mide  to  Vallin's  Traiit  des  IHmn/eetanis.  PftHs^  \9&B ;  Koch  ftnd  othurn 
<m  t>mt\fettimi^  trftJi«Uted  for  New  8yd.  Soo.,  Miero-fHiranlu  in  DiaeOM^  18S6;  Flilggc, 
MifTO'Or^nvrmif  in  Iryfectitr  tH'wisejf,  tininslntH  by  WntHfvn  ri»t*vne^  New  8yd.  Soc.,  181*0 
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InjtwLHjn  murfmntn  ninl  cvm.   ,. 
and  oj«  now  Ijtttcr  abundoaod. 


authort. 
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1.  The  Nature  of  the  Coniagia, 

"  The  word  Contagion  is  applied  in  pathology  to  the  property  and  proceas 
by  which,  in  certain  sorts  of  disease,  the  afifected  body  or  part  causes 
a  disease  like  its  own  to  arise  in  other  bodies  or  other  parts ;  and  the  Latin 
word  conlagium  is  conveniently  used  to  denote  in  each  such  case  the  specific 
material,  shown  or  presumed,  in  which  the  infective  power  ultimately 
resides."  ^ 

The  nature  of  the  Contagia  is  at  present  the  object  of  eager  inquiry. 
In  the  case  of  one  or  two  of  the  above  diseases,  the  question  has  been 
narrowed  to  a  small  compass.  In  variolous  and  vaccine  discharge,  and  in 
glanders,  the  poison  certainly  exists  in  the  form  of  soHd  particles,  which  can 
be  seen  by  high  powers  as  glistening  points  of  extreme  minuteness.*  In 
cattle  plague  blood  serum  there  are  also  excessively  small  i>articles  discovered 
by  Beale,  which  are  probably  the  poison.  The  size  of  the  particles  supposed 
to  be  contagia  is  minute;  some  of  them  are  not  more  than  -nr.irrir  ^^  ^^ 
inch,  and  Beale  believes  that  there  may  bo  smaller  still  to  be  discovered  with 
higher  powers.  Chauveau  has  washed  the  vaccine  solid  particles  in  water ; 
the  water  did  not  become  capable  of  giving  the  disease ;  the  washed  particles 
retained  their  power.  The  epidermic  scales  of  scarlet  fever  and  the  pellicle 
of  the  diphtheritic  membrane  certainly  contain  the  respective  poisons,  and 
after  exposure  to  the  air  for  weeks,  and  consequent  drying,  still  retain  their 
potency.  It  is  more  likely  that  solid  matters  should  thus  remain  unchanged 
than  liquids,  and  although  it  has  not  yet  been  proved  that  this  is  so,  at 
present  all  observation  tends  to  show  that  the  contagia  of  the  infectious 
diseases  are  particulate. 

The  extraordinary  power  of  increase,  and  capability  of  producing  their 
like,  possessed  by  some  of  the  contiigia  when  placed  under  special  fostering 
circumstances,  as  in  the  bodies  of  susceptible  animals,  lead  to  the  belief  that 
they  are  endowed  with  an  independent  life.  The  retention  of  the  ix)wer  of 
contagion  for  some  time,  and  its  final  loss,  the  arrest  of  its  power  by  juiti- 
septics  wliicli  <lo  not  affect  the  action  of  such  bodies  as  ptyalin  or  diastase, 
and  the  peculiar  incubative  period,  which  is  most  easily  explained  In- 
supposing  a  gradual  development  of  the  active  agent  in  the  body,  are  in  ac- 
cordance with  the  hypothesis  of  independent  life  and  power  of  growth. 

The  independent  living  nature  of  the  contagia  is  a  belief  which  has  long 
been  held  in  various  forms.  Until  lately  there  were  three  views,  each  of 
which  had  arguments  in  its  favour. 

(1)  The  particles  were  supposed  to  be  of  animal  origin,  bom  in  and  only 
growing  in  the  body ;  in  fact,  minute  portions  of  bioplasm  (to  use  Dr  Beale*s 
phrase)  ox  protoplasm/^ 

This  is  the  olil  doctrine  of  "fomites"  expressed  in  a  scientific  form,  and 
supported  by  a  fact  which  was  not  known  until  recent  times.  This  is  that 
the  independent  life  ascribed  to  these  particles  of  bioplasm  is  no  assumption, 
since  we  are  now  aware  that  many  of  the  small  animal  cells  or  bioplastic 
molecules  are  virtually  independent  organisms,  having  movements,  and  ap- 
parently searching  for  food,  growing,  and  dying. 

1  Sir  J.  Simou  iu  Quain's  Dictionary  nf  Medirine.    Art.  Cimiagrion, 

2  Tlie  observations  of  Chauveau,  Beale,  an<l  Burdon -Sanderson,  and  still  more  recently  of 
Braidwood  auil  Vacher,  j)rove  this  very  important  i>oint  by  what  seems  indisputable 
evi<lence.  It  does  not  follow  that  all  small  bodies  are  in  such  fluids  the  contagia^  but  the  ex- 
periments prove  that  some  of  them  must  be.  In  many  kinds  of  blood  there  are  numerous  small 
]>iirticles,  <U*rivod,  according  to  Uiess,  from  retrograde  metjimorphosis  of  white  blood  cells,  and 
these  have  no  contagious  property. 

5  Tliis  view  has  been  advocated  with  great  force  by  Beale  {Disease  Oerms,  2ud  edition)  and 
Morris  (The  Germ  Theory  of  Disease,  2nd  edition). 
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Tliia  YiQW  explains  singularly  well  the  fact  of  the  frequent  want  of  power 
of  the  contagia  of  one  animal  to  ati'ect  another  family  ;  as,  for  example,  the 
non-transference  of  mtmy  human  diseases  to  brutes,  and  the  reverse.  It  also 
partly  explains  the  no n -recurrence  of  the  disease  in  the  same  animal  by 
supposing  an  exhaustion  of  a  special  limited  supply  of  food,  which  cannot  be 
restored^  since  it  may  be  supposed  that  some  particular  bodily  structure  is 
alto^'ether  destroyed,  as,  for  example,  Peyer's  patches  may  bo  in  enteric 
fever.  One  objection  to  this  view  is,  on  the  other  hand,  that  living  animal 
particles  die  with  great  rapidity  after  exit  from  the  body,  while  the  contagia 
do  <'ertainly  last  for  some  considerable  time.* 

(2)  The  particles  have  been  conjectured  to  be  of  fungoid  nature,  and  to 
simply  grow  in  the  body  after  being  introduced  ab  esciemo.  This  view  was 
supported  by  the  peculiarities  of  the  rapid  and  enormous  growth  oifungi^  by 
their  penetrative  powers  and  splitting-up  actic^n  on  both  .starchy,  fatty,  and 
]>roteid  substjoinces,  and  by  the  way  in  which  certain  diseasves  of  men  and  of 
nnimais  -  arc  undoubtedly  caused  by  them.  At  the  present  time,  liowever, 
the  evidence  of  true,  recognisiible,  and  special  fungi  being  thus  discovered 
and  grown,  and  f<3miiiig  tlie  efficient  causes  is  not  generally  accepted.^ 

(3)  The  imrticles  of  contagia  are  thonght  to  be  of  the  nature  of  the 
Schhmnt;ctff^,  i.t.^  of  that  class  of  organisms  wliich  Niigeli  has  separated  from 
the  fungi,  and  which  form  the  lowest  stratum  at  present  known  t^  us  of  the 
organic  \vorld.  They  are  tenned  Hactena,  BucUli^  Micrfnyme^^  Microhfs^ 
Ff  6rw,  Spinlta^  Mmiad^  «kc.  Their  relation  to  the  fatigi^  or  to  the  OscU- 
larimw,  to  which  they  are  perhaps  more  closely  allied,  is  yet  a  matter  of 
warm  debate. 

That  these  organisms  ai'e  concerned  in  many  diseases  is  clear.  Liflter's 
genius  first  brought  their  practical  importance  forward,  and  the  later 
researches  of  Klobs,  Recklinghausen,  and  others,  have  shown  how  great  a 
part  they  play  in  the  production  of  Septic haeniia.  The  carbuncular  disease 
of  cattle  and  sheep  (splenic  ajrioplexy)  is  alao  intimately  connected  with 
Bacilli ;  and,  if  the  observations  of  Coze,  Feltz^,  Ehertli,  and  others  are  cor- 
rect, the  same  is  true  of  enteric  fever.  Ferdinsiml  Colin  has  asserted*  that 
even  the  glistening  particles  of  vaccine  lymph  are  Barfrria.  Bacteria  have 
been  proved  to  cause  disease  of  the  intestinal  mucous  membrane,  the  uterus, 
the  kidneys,  and  the  heart,  and  they  play  some  part  in  ha?morrhagic  small- 
pox. Bacilii  were  found  to  be  the  active  agents  in  the  poisoning  by  ham  at 
Welljeck.      Klebg  and  Tommasi-Crudeli   have  endeavoured  to  show  the 


ft 


1  A  rocxUflcation  of  thi«  view,  under  the  name  of  the  Glandul&r  Origin  of  Disease,  i« 
advo(!AliHl  by  Dr  J*.  W.  KicburdaoG,  P*R,9l  {Addrtss  to  th^  Saitiiary  Im^iiute  o/  Great 
Braain,  Leamington,  1877 ;  Xalure,  No.  414,  Oct.  4,  1877,  p.  480),  Admitting  that  the 
diiiefl^e  pobon  eenerally  comtn  hoiu  without^  be  looks  upou  it<«  action  as  catalytic,  cAusing  an 
altered  glandular  lecretion  or  a  cliange  in  the  blotitl,  the  (.hiiuged  secretion  reacting  on  the 
uervoUB  centre  stipplyiiig  the  gland  or  glands.  He  also  coTi«?«iv«'^  that  duHni?  *»f lidmnu?  ftortodft 
a  strong  nervous  imprewion  may  have  the  name  etfect  t     '      '  *     "     '         'i  '      [ 

without,  so  that  the  disease  may  occasionally  aritte 

discAMisaa  hereditary,  in  the  sense  that  the  condition  01  i         '^ 

and  will  therefore  be  open  to  similar  influence*, 

3  Not  only  iiome  skm  and  hair  dlseaw:s  of  men  and  animals,  and  disoun  of  ioaeoU  Mid 
fishas.  aw  cuused  by  the  grottth  of  fungi  which  fall  on  the  snrfjice  of  the  liody,  or  are  drawn 
Into  Ui/t  mouth,  but  internal  liiscAse^  are  caused  by  the  growth  of  nndotibtecl  fungi,  Huch  ai^ 
AtomiUuA. 

new  M*riiw. 

§hc'^'     '     *      Lrhton  to  be  roerelv  an 

or^  Proct^ingt  (^  tm  Ji  %  *1uije  16,  1?<7*V).    A**  to  tlu<   ' 

ch« .  %'*  «ec  B,M.J.,  Dw;.  26.  S.  18^7,  and  Feb.  2<i,  18^7  i  and  A 

20.  16i^7  ♦  *di-o  Crookiihank's  Baoteriolu':) ,  vrd  edition. 
*  Virchow  a  Afchtv,  Band  It.  p.  229  (l^''-)- 


ite  ».upi»osed  fungus,  which  Kk*in  U,' 
writw.  No.  vi,,  1876)  thought  he  luia  <\ 
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prtDlmbiUty  of  malarial  paisoiiiiig  being  due  to  a  Bacillus  ;  although  this  has 
since  been  questioned.  More  recently  Koch  has  proved  to  deinotustralion 
the  connection  between  phthisis  imd  a  sbiiilar  organism,  Bacillus  tuhemt* 
hmk.  Ransome  has  demonstrattni  its  presence  in  the  breath  of  phthidcal 
patients.^  The  peculiar  form  of  felirile  disease  obsen^ed  at  Aberdeen  by 
I)r  Beveridge  was  distinctly  coimected  with  the  existence  of  niinute  organ- 
isms ill  nulk.2  YiiB  researches  of  Pasteur  on  fowl  cholera  and  charbon  Iiave 
shown  not  only  that  those  diseases  are  due  to  Bacteria^  but  that  tliey  eun 
be  prevented  or  modified  by  inoculation  witli  cidtivated  viniA.  His  later 
labours  in  the  matter  of  liydrophobia  have  been  in  the  same  direction. 

In  cholera,  Lewis  and  Cunningham  failed,  in  theit-  earlier  invcistiguiioiis, 
to  find  Bacteria  (or  fun/^t)  in  the  discharges  or  blood,  Koch,  howe%vr, 
succeeded  in  connecting  cholera  with  the  so-called  "  comma-shai»ed  "  Bcwtl- 
Im,  which  he  found  in  the  intestinal  discharges  of  cholera  patients,  as  well 
as  in  the  water  of  the  tanka  from  which  patiunt^s  had  drunk.  The  reports 
of  Drs  Klein  and  Heneage  Gibbes  confirmed  the  existence  of  such  a  struc- 
ture under  certain  circumstances,  but  threw  doubt  upon  its  positive  connec* 
tion  with  cholera.  A  committee  ^  assembled  at  the  India  Office  rejwrted 
that  they  did  not  think  the  connection  positively  made  out.  Lewis  believwi 
that  the  so-called  commOit  were  segments  of  a  vibrio^  and  that  similar  stnic* 
tures  could  be  obtained  from  the  mouths  of  healthy  persons.  FinkJer  and 
PrioFj  and  I^jumerich  found  similar  bodies  in  ctuses  of  cholera  nostras,  Cul* 
tivations,  however,  showed  diilerences  in  their  iife-hisU>ry  sutiicient  to  prove 
tliat  they  were  not  identical ;  and  the  further  observations  of  M^Lecvd  and 
Milles,*  at  Shanghai  in  1885,  have  sti-engthened  tlie  position  that  the 
**  comma  bacilhis  "  k>  the  cause  of  the  disease. 

The  reasons  for  attributing  in  many  cases  gre^it  influence  to  Bacteria^  which 
are  undoubtedly  present,  are  obvioua  enough. 

They  are  so  widely  spread  in  nature  {in  both  air  and  water) ;  their  |K)weis 
of  growi^h,  by  division,  are  so  wonderful ;  their  food  (ammonia,  i>ht^phate8» 
and  perhaps  starches  or  sugars)  is  so  plentiful ;  and  their  tenacity  of  life  eo 
great,  that  it  is  no  wonder  great  consequence  is  now  attached  to  them. 
Yet  it  is  their  very  univerailifcy  which  is  one  of  the  stixaigest  argiunents 
agiiLnst  the  view  that  they  constitute  the  contagia  of  any  of  the  specific 
diseases,  and  any  one  who  considers  the  peculiar  spread  of  the  conta^ous 
diseases  will  admit  the  force  of  this  olyjectiou.  To  meet  this  objection  it 
has  been  surmised  that  they  are  not  the  contagia,  but  merely  their  carriers. 
This  view  has  not  been  defined ;  but  as  the  plasma  of  Bacteria  is  proteid,  it 
may  perhaps  be  taken  to  mean  that  while  the  Bucteria  are  usually  hartn- 
less,  their  plasma  may  become,  in  certain  casea^  altered  in  composition,  and 
then  becomes  poisonous  in  ditierent  specific  ways.  Badrria  feeding  in  the 
blood  of  a  typhus  jmtient  will  become  nourished  with  morbid  plasma,  and 
thus,  so  to  speak,  it  is  diseased  Bacteria  which  becomes  dangertiua  Or, 
Bacieria^  m  place  of  being  tliemselvcs  the  poison,  may  be  the  prmlucer?^ 
imder  cc^rtain  comlitions,  of  a  poison,  such  as  a  pt«:*maine  or  leucomiiinc, 
which  itself  may  be  the  actual  cause  of  the  disease.  Tliis  theoiy  is  home 
out  by  what  takes  place  in  plants  when  they  are  attacked  by  certain  epi- 
demic diseases.     The  fungus  attacks  the  plant  by  destroying,  first  its  cell- 


1  ProceedinffB  of  the  Royal  Society,  vol.  xxniw  n.  274  (1882), 

*  See  note  h^  Professor  Ewart,  2*Toccedin^s  qf  the  Royal  Society ^  ISSI,  toL  wtiriL  «,  46^ 

'  The  comniittee  convened  by  the  SecretATY  or  StAte  for  India,  in  1885,  consisted  or  Sir  W. 
Jciuier,  presi  if^Tit ;  Sir  J.  Fayrcr,  Sir  W.  Gull,  Sir  W,  O.  Hnnter,  Sir  W,  Sra«irt,  l>r»  Aitkeoi, 
Burdon-Sandt-r-Mrjn,  Nommn  Chevera,  P.  de  Chaumont,  J,  Macpber»on,  J.  A,  Manton^  J, 
S\ith«rlftud,  and  T,  R,  Lewris,  sccretaiy. 

*  Public  Health,  March  1889. 
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walls,  and  then  its  protopliism ;  thk  it  effecta  by  excreting  a  series  of  fer- 
ments, or  poisons,  which  are  capable  of  dissolving  the  cell-walls  and  killing 
the  h\'ing  protoplasm  coutiined  in  the  cells.^  Another  view  is  that  there 
are  benigii  Bactfria  as  weU  as  malign,  and  that  the  latter  cannot  continue  to 
exist  in  the  presence  of  the  former,  in  fact  that  they  are  crt>wded  out 
Some  of  the  experiments  of  Fodor  and  Mtquel  seem  to  ^ow  this, 2 

The  Ijelief  wliich  some  entertain  that  ScklmmycHes  are  the  efficient 
agents  of  the  contagious  diseases  has  led  to  a  number  of  experiments  on  the 
destruction  of  Bartei'la  by  heat  and  by  cheraic4il  agents,  in  the  beHef  that 
the  doctrine  of  disinfection  was  thereby  elucidated.  This  could  hardly  be 
the  case,  unless  we  are  certain  that  the  Badtrklia  are  the  contagia,  which 
is  not  yet  proved  to  be  the  case  generally,  however  probable  it  may  be* 
Disinfection  must  rest  at  present  on  its  own  experimenlil  evidence. 

The  organisms  which  are  now  generally  accepted  as  pathogenic  are ; — 
Bacillus  anthracu  (splenic  fever,  malignant  pustule,  wool-sorters'  disease), 
B,  leprm  (leprosy),  B,  (til^erctdosis  (the  smallest  of  the  bacilli),  B.  mallH 
(glan<lers),  B.  mdematu  rfmUffui  (Koch),  v»r  J5.  mpticMs  or  vibritm  $epiiqtte  of 
Pasteur  (gangrenous  septiciemia),  Mkrococcm  rrydpdatis  of  Fehleisen,  M. 
^onorrhtce  of  Neisser,  Micrococci  of  pus,  SpiHUum  Ohettncieri  (relapsing 
fever),  Actinomyces  (actinomycosis)* 

The  organisms  not  absolutely  proved  to  be  pathogenic,  but  which  will  be 
probably  accepted  as  such  ou  further  investSgatioUj  are : — BacUfwi  typhi 
ahdominalis  of  Eberth  (enteric  fever),  Spirillum  cholerm  AmcUicm  of  Koch. 
Other  organisms,  such  as  the  hariUus  found  in  the  choleraic  diarrhcea  of 
meat*poisoniiig  (Klein),  the  bacillus  of  Malta  fever  descrilied  by  I)r  David 
Bnice,  that  of  infantile  diarrhoea  (Leaage),  of  diphtheria  (Loffier),  and  the 
micrococcii«  of  Aleppo  boU  (Duclaux),  appear  to  be  actually  pathogenic,  but 
the  numlier  of  oliservationa  is  at  present  limited.  To  this  category  may 
probably  be  added  the  hacifli  of  tetanus  (Nicolaier),  and  of  epidemic  dysen- 
tery (Chantemesse  and  Widal). 

A  third  category  will  include  those  organisms  to  which  pathogenic  pro- 
perties have  been  attributed ;  but  in  the  present  state  of  our  knowledge,  any 
such  connection  is  very  doubtful.  Such  are  the  Micrococcus  jmeumonim  of 
Friedlander^  M.  pticumonice  of  Frankel,  Bacillus  pfi€tim(mi(v  of  KJein  i  if. 
scarlatinas  of  Klein :  B,  st/philis  of  LuBtgarten :  B.  ftmlanfr  of  Klebs  and 
Tommasi-Crudeli :  crf/pfococ€U8  xanik/j^enicm  of  Domingo  Freire  (yellow 
fever) :  Emmerich's  B,  NmpolHanits^  and  Fiiikler's  bacillus  (cholera 
nostras). 

The  organisms  described  by  Laveran,  as  found  in  malaria,  and  which  he 
considers  to  be  pathogenic,  are  attributed  by  him  to  the  animal  kingdom 
(bamatozoaires). 

2,  Hie  Media  in  wfiich  tJw  Contagia  are  gpread. 

Our  knowledge  of  this  jx^int  ia  far  more  defined,  and  may  be  thus  sum- 
marised : — 

The  special  and  distinctive  phenomena  of  each  disease  are  usually  attended 

1  Anifnal  A  Ikalmdt,  by  Sir  W,  Aitkiiii,  2ihI  ediiion,  p.  84,  The  ReUUitms  bdwtm  Sott  and 
PamMU  in  c^tain  Bpidnnic  IHsea^M  0/ Plants,  by  Professor  Marsh*U  Wiufd.  Proe,  /Joy. 
Soe,  1S90.  vol.  xlvil.  p.  21s. 

3  For  furthur  inforraAtion,  flee  the  "Aildre^a  in  Medicine/'  by  W.  Eolicrtf,  M.D.,  P,R,8., 
ilelivi'red  at  the  Mftucbester  MeotiJig  of  tbe  Britinh  Medical  Association,  1877  (Brit.  Med, 
Journal,  No.  867,  lltb  Aug.  1877,  p.  16SK  Also  Ppofe*jor  Tjti'UU'j*  twipeni  in  the  Royd 
8<x:iety'it  ProoeedingB  and  Tran^acUotu  {i«c  Trainmctwn^  qf  the  Hoyal  Socift]/,  187fl»  J""*^  i* 
p.  27);  FhalinffMaU^r  in  iM  Air,  hy  tho  name  author;  NagcU's  Nitdert  Pike;  Fodor*f 
UnUrtt$ehun(fei^  op,  cit. ;  tbfi  works  of  Mlqucl,  Kletii,  Coniil  and  Babea,  uid  CrookslLauk. 
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with  special  imi>lic;ition  of  some  part  of  tlie  Ijody,  and  it  is  especmlly 
partes  which  contain  the  contixgia*       In  tliose  parts  there  is  frequently  m] 
grow  til,  and  if  the  part^^  are  on  the  surface,  frequent  detachment.      The  pas 
and  epidermis  of  siiiaUpox ;  the  epidermis  and  the  mouth  and  tlinmt  epi- 
thelium of  scarlet  fever,  sore  throat  and  diphtheria  ;  the  skin  and  bronchial 
«erretions  of  measles  ;  the  stools  containing  the  discharged  detritus  of  Pejer'i 
glands  in  enteric  fever;  the  discharges  of  cholera;  dysenteric  stools; 
sputa   of   tuhercular   phthisis;    the  discharges   and  eruptions   of   eyphilii 
glanders^  farcy,  and  malignant  pustule,  are  inatances  of  this.      In  typh 
fever  the  skin  is  greatly  affected,  and  it  is  generally  supposed  that  it  is  £ro] 
the  skio  that  the  virus  spreads,  since  this  di.^^order  is  so  easily  carried 
cloth  as ;  the  same  is  the  case  with  plague.     In  fact,  those  parts  of  the 
which  arc  the  breeding-places  of  the  contagious  particles  give  off  the  po] 
in  greatest  amount.     The  piortions  of  the  body  thus  thrown  off,  and  coi 
taining  the  contagia,  may  then  pass  into  air,  or  find  their  way  into  water 
food,  and  in  this  way  be  introduced  by  breathing,  drinking,  or  eating, 
through  broken  surfaces  of  the  body. 

The  principles  of  disinfection  ought  evidently  then  to  deal  with  the  poisons, 
at  their  seats  of  origin,  as  far  as  these  are  accessible  to  us.    It  was  the  insdni 
of  genius  which  led  I)r  William  Biidd  to  point  out  that  the  way  to  previ 
the  spread  of  scarlet  fever  Ls  to  attack  the  skin  from  the  very  first ;  to  desi 
the  poison  in  the  epidermis,  or,  failing  that,  to  prevent  the  breaking  up 
passage  into  the  air  of  the  fiarticles  of  the  detached  epidermic  scalea.     Oilj^* 
disinfectant  inunctions  of  the  skin,  and  the  most  complete  disinfection  of 
the  clothing  M'liich  touches  the  skin  of  the  patient^  are  the  two  chief  means 
of  arresting  the  spread  of  scarlet  fever.     The  rules  for  small|:kOx  are  almost 
identical,  though  it  is  mare  difficult  to  carry  thera  out.     In  enteric  fevi 
cholera,  and  d3^sentery  tlie  immediate  destruction  of  all  particles  of  poison  ii 
the  stools  by  strong  chemical  reagents,  and  the  prevention  of  the  pois« 
getting  int<^i  sewers  or  drinking  water  or  food,  are  the  measures  obvious); 
demanded  by  the  pecixHarities  of  these  special  diseases 

The  more  completely  these  points  are  investigated,  and  the  more  peifi 
the  breeding-places  in  the  body  are  known,  the  more  perfect  will  be 
means  of  disinfectiom 


(ons, 
anc^J 


3.  Effects  (if  Heat  as  a  Didnfedant 

Tyndall  ^  was  the  first  to  point  out  that,  whilst  prolonged  boiling  faile 
sterilise  an  infusion,  successive  heatings  for  a  short  time,  even  bel^^iw 
boiling-pouit,  were  successful.  The  explanation  proposed  is,  that  during  the 
period  of  latency  the  spores  are  in  a  hard  state  capable  of  resisting  high  tem- 
perature, but  that  just  before  the  period  of  active  germination,  they  bccon 
softened,  and  therefore  amenable  to  the  influence  of  heat  As,  howovef; 
spores  in  various  stages  may  exist  in  the  siime  fluid,  successive  heatings 
necessary  so  as  to  arrest  each  group  at  the  proper  time ;  but  by  repeat 
the  heatings  sufficiently  often  an  infusion  may  be  sterilised  at  a  point  belon 
the  boiHng-point  of  water.  This  method  of  intermittent  heating  is  now 
general  use  for  sterilising  cultivating  fluids.  Imi»ortant  in  all  wa^-s,  tt 
question  of  the  nature  of  contagia  is  especijvlly  so  in  a  practiail  sense^  vii 
that  of  the  easy  or  difficult  destruction  of  these  agents.  It  does  not,  hov 
ever,  follow  that  ordinary  putrefactive  Bacfrria  are  identical  with  the 
which  may  be  supposed  to  produce  disease.     It  is  probable  that  they 
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quite  different,  and  tlmt  disease  Badena  (except  B.  afithacu\  are  more  easily 
destructible  l>y  heat.  According  to  Klein  micrococci  of  scarlatina  are  killed 
at  85"  C.  (185*  F.). 

The  experiments  by  Koch  on  heat  as  a  disinfectant  led  hira  to  the  follow- 
ing conclusions  ;^ 

1.  As  to  dry  lient  "  Sporeless  bacteria  are  destroyed  in  li  hours  by  hot 
air  at  a  temperature  slightly  exceeding  100*  Cent.  Spores  of  fungi  require 
1|  hours  at  110'' to  115°  Cent.;  spores  of  bacilli  require  3  hours  at  140"  Cent. 
He-at  penetrates  so  alowly  that  even  for  articles  of  moderate  size^  such  aa 
pillows^  3  t-o  4  hours'  exposure  at  140*  Cent  is  insufficient.  Exposure  for  3 
honis  to  1 40°  Cent,  which  is  necessary  for  thorough  disinfection,  damages  most 
fabrics  more  or  less." 

2.  Steam  under  pressure  killed  anthrax  spores  after  1  hour^s  exposure  to 
a  tempenitm*e  of  1 1 0'  Cent.  Steam  at  atmaspheric  pressure  destroyed  anthrax 
spores  after  exposure  of  1  hour.  Koch  concludes  that  in  every  respect 
exposure  to  a  current  of  steam  at  100'  Cimt  is  the  most  satisfactory  method.^ 

Dr  Parsons  found  that  the  spores  of  B.  ^n^Araci*  were  killed  aft^r  4  hours' 
exposure  to  a  dry  heat  of  212''-216"  Fahr.  or  of  245**  Fahr.  for  1  Lour. 
Bact4.^ria  ^vithout  spores  were  killed  in  I  hour  at  212°-'218°  Fahr.,  whUe 
boiling  for  one  minute,  or  exposure  to  steam  at  212*  Fahr,  for  5  minutes  was 
sufficient  to  destroy  spores.- 

Funfiefition  of  Chthta  and  Bedding, — The  best  plan  of  doing  this  is 
certainly  by  the  agency  of  heat.^  From  what  has  been  said,  it^dll  bo  readily 
seen  in  what  manner  this  heat  may  be  best  applied.  In  the  earlier  forms  of 
disinfecting  chambers  (Frozer,  Ransome,  ^d.)  a  dry  heat  was  employed.  In 
the  Eiiire  recent  forms  steam  has  lieen  used  with  the  most  satisfactory  results. 

At  Berlin  a  steam  disinfecting  chamber,  proposed  by  Dr  Esse  ^  is  said  to 
work  M'i'U.  This  chamber  is  in  the  form  of  two  iron  cylinders  of 
different  diameters,  one  inside  the  other,  and  with  walls  strong  enough 
to  withi^tand  the  pressure  of  the  steam ;  between  the  two  cylinders 
sk^am  enters  from  a  neighbouring  boiler,  and  heats  the  internal  cylinder 
in  which  the  clothes  are  suspended;  at  the  top  of  the  cylinder  is  a 
brass  box  which  di|>s  a  little  way  down,  and  is  pierced  with  holes  at 
the  bottom,  so  that  the  air  of  the  inner  cylinder  can  rise  into  it;  in 
the  box  is  a  thenuometer.  The  outer  cylinder  is  covered  with  wood,  and 
the  top  of  the  cylinder  with  felt,  to  economise  heat ;  the  steam,  when  it 
c<mdense3  in  the  space  between  the  cylinders,  flows  out  by  means  of  a  valve 
which  is  lifted  when  the  wat<'r  reaches  a  certain  point  in  tlie  condenser. 
The  clothes  are  introduced  at  the  top,  the  lid  of  the  cylinder  being  lifted  up 
by  a  pulley ;  they  are  not  allowed  to  touch  the  cylinder,  l>ut  are  suspK3ndetl 
from  wooden  iK*gs.  In  an  hour-a  time  the  heat  can  be  l>rought  to  90"*  R. 
(  =  234**5  Fahr.»  or  112"  C).  iVnother  upi^aratus  has  br'cu  contrived  by 
Ksse  for  mattresses.  It  is  an  iron  case  with  a  spiral  steam  fapm  in  the  cenlre, 
which  heats  wiih  compressed  steam  (two  atmospheres). 

One  of  the  best  disinfecting  chambers  is  that  by  Mr  Wasliington  Lyon,  of 
Peckham.  It  \b  a  cylinder,  withiti  which  the  clothes  are  placed,  and  super' 
heated  steam,  gauged  by  [iressvu^e,  driven  into  them.  The  steam  is  perfectly 
dry,  but  it  penetmtes  every  part.  The  pressure  to  be  used  is  al>ont  28  Ih  on 
the  square  inch,  which  equals  a  temperature  of  273"  F.  (134"  C.) :  in  half  an 


>  Micro- FamsiUM  m  iMsmH^  New  Sydetibam  Boc.,  1886. 

•  Dr  Henry,  of  Mftnchei(ti?r,  after  fVi""*""  t'"»  --vine  matter  ^  -* 
IlOf  Fftbr.  j^  C.)  for  thret  Uouni,  jo  t  dothiriK 
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hour,  250"  F.  is  reachctl  inmde  bales  of  clothmg.     Tliis  apparatils  is  in 
tlie  Metmpolitiiu  Asylums,  Hospitala^  and  elsewhere. 

The  apparatua  of  Gcncsto  and  Herscher,  which  is  extensively  used 
France^  acts  a]s<:i  by  steam  at  higli   pressure.     In   some   experiments 
different  systems  at  Copenhagen  in  1888,  tlias  apparatus  was  found  t4>  be  ' 
best,  all  germs  being  completely  destroyed  after  twenty  minutes*  exposure,^! 

Another  form  is  that  of  Gwldard,   Miissy    and  Warner,   known   as  tlie" 
"Nottingham"  disinfecter.     A  pressure  oi  20  Bb  is  used,  the  temperature  of 
the  steam  being  261'  Fabr.     Professor  van  Obcrheck  de  Meyer  has  invented 
(m  apparatus  which  is  simpler  and  cheaper ;  steam  is  used,  but  not  under 
pressure  ;  disinfection  is  complete  in  from  30  to  40  minutes.* 

Dr  H.  Rohrbeck  exhibited  at  the  International  Medical  Congress  Exhibit 
tion  at  Berlin  (1890)  what  seemed  to  be  an  excellent  apparatus.     His 
ciple  is  to  allow  the  steam  to  pass  over  a  cooling  surface  before  it  is  aUow€ 
to  enter  the  disinfecting  room  ;  by  this  means  it  becomes  thoroughly  sat^ 
rated,  and  afterwards  the  steam  in  the  disinfecting  chamber  is  condensed, 
imparts  its  latent  heat  U>  the  objects,  a  vacuum  is  produced,  and  thus  the 
is  sucked  out  of  the  interior  of  the  objects.     When  steam  is  again  allowts 
to  enter  it  eagerly  forces  its  way  into  the  interior  of  the  objects,  and  th« 
makes  the  disinfection  absohitely  reliable.     'VVTien  the  disinfection  is  ende 
the  apparatus  acts  as  a  drying  tiven. 

The  general  consensus  of  opinion  appears  U:^  be  that  steam  heat  is  mucl 
superior  to  dry  heat ;  spores  of  bactt^ia  are  kilh'd  much  more  readily, 
fabrics  are  not  deteriorated  to  such  an  extent.     The  steam  should  be  satu 
rated,  and  not  a  mixture  of  air  and  steam  ;  and  it  is  essential  that  thep 
should  be  a  current  of  steam,  by  which  the  air  alre^idy  existing  in  the  articlo 
to  be  dishifected  may  he  ibsplaced.      In  high  pressure  apparatuses,  therefor 
the  steam  is  allowed  to  "  blow  off"  once  or  oftener  during  the  process.      Mc 
plans  are  for  the  use  of  superheated  steam,  under  jiressure ;  this  requires 
steam  engine,     If  Oberbeck  de  Meyer's  plan  stands  the  test  of  ex|x;rienc 
there  will  be  much  greater  facility  for  thorough  disinfection,  as  well  as  sa^ 
in  cost 

The   ordinary  drying   closet  in   a  good   laundry    will   sometimes   give 
heat   enough,    but  not  always.      A   baker's  oven   can   also   be   used 
emergency. 

The  question  of  temperature  has  he  en  much  discussed,  and  witli  regard  i 
diy  heat  especially,  is  of  much  importance.     It  is  desirable  to  get  as  high 
temperature  as  ix>ssible  so  as  to  ensure  the  destruction  of  disease  poisou 
On  tlie  other  hand,  the  temperature  must  not  be  too  high,  for  fear  of  destroy 
ing  the  falmcs. 

Ransom  f«-iund  that  fine  fabrics  began  to  scorch  at  255°  to  260*  FahrJ 
(124"  to  133"*  C).  In  some  experiments  at  Netley^  the  following  result 
were  obtained  : — WooUen  falirics  changed  colour  after  six  hours'  exposure  a| 
212"  Fabr.  (100'  C),  or  after  two  hours  at  220"  Falir,  (114'  C);  generally 
length  of  exposure  and  elevation  of  temperature  were  complementaiyj 
Cotton  luid  tinen  showed  signs  of  change  of  colour  after  six  hours  at  212 
Fahr.  (100''  C,%  or  four  hours  at  220"  Fahr.  (114'  C).  Professor  E.  Vallin,* 
of  Yal  dc  Grike,  found  tlmt  a  piece  of  new  white  flannel  was  not  more  dij-J 
coloured  after  two  hours  at  230*  Fahr.  (132*  C.)  than  after  one  ordinary] 


1  SfAfiHan^  Jtrami,  Jmic  1888.  »  Sanilarp  Record^  May  and  Octolwr  1888. 

»  By  Dr  t.  de  Chaumont.  Lancet,  llth  I>ec.  1876,  _ 

4  "  De  la  DesinfectioQ  iior  TAir  Chaud,"  Mimoires  de  la  SoeUU  dt  M4dmn€  PMiqmt  H 
d'H^gUne  PrqfemtmeiUt  1877. 
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washing,  unil  that  oven  after  three  hours  a  piece  already  washed  showed  no 
change  ;  two  hours,  however,  at  240°  Fahr.  to  250*^  Fahr.  (122"  to  UO'  C.) 
showed  distinct  change.  Cotton  and  linen  did  not  change  until  they  had 
been  exposed  for  two  hours  to  257^  Falir*  {15^^  C).  The  strengt!i  of  the 
material  was  not  dimininhed  (as  jihown  by  a  dynamometer)  until  after  two 
hours  at  300'  Fahr,  (H9''  C»).  f/orsehair  becamt^  friable  after  exposure  to 
hc^at,  bnt  tliis  was  chipfiy  an  efft'ct  of  drj'ing,  as  it  regains  its  ordinary  con- 
dition after  a  short  time  (Vailin»  T^ake).  In  Ransom's  stove  the  heat  is 
arranged  to  be  between  235*  and  255^"  Fahr.  (IIS"^  and  V^V  C).  After  an 
accident  at  the  Southampton  Infirmary,  where  all  the  clotlies,  »fcc.,  in  the 
chamber  were  consumed,  a  mo^^Ufication  was  introiluced  by  Dr  Ransom  ;  a 
chain  with  a  hnk  of  fusible  metal  is  set  free  by  the  melting  of  the  link  aa 
soon  as  300*  Fahr.  (149'  C.)  are  reached ;  this  closes  a  door,  shuts  off  tVie 
gas,  and  prevents  any  further  rise  of  heat.  In  the  Liverpool  chambers  280" 
Fahr.  (138"  C.)  has  been  registered,  and  no  less  than  380'  Fahr.  (194'  C.)in 
the  drying  closet  over  the  Cockle  stove. 

There  is  no  doubt  considerable  variation  in  the  temperature  of  diiierent 
parts  of  the  chamber  where  dry  heat  L^  usetb  and  tlie  effects  on  fabrics  vary 
according  as  they  are  placed  on  or  near  tluj  tioor  tuid  nidus,  or  suspended  in 
the  centre  or  upper  parts. 

As  before  stated,  we  have  no  reason  to  believe  that  disease  germs  wOl 
resist  a  temperaUire  of  220'  Fuhr.  {Hi"  C),  or  even  212'^  Fahr.  (100"  C.)» 
if  completely  and  thoruughly  »'Xp<>sed  to  it.  Even  when  liquids,  sindi  as 
water  or  milk,  have  been  infected,  no  case  of  disease  has  ever  been  trailed 
to  the  use  of  such  liquids  aft'er  lieing  boiled.  It  seems  therefore  unneces- 
sary to  carry  the  heat  to  excess,  220°  Fahr.  (114°  C.)  being  in  all  likelihood 
sufficient,  or  even  212°  Fahr.  (100"  C.)  with  some  length  of  exix^sure.  In 
the  Armp  Medical  R*'tjul  at  to  n^s  (I  SdO^  pani.  863),  exposure  to  a  temperature  r}f 
not  less  than  212**  Fahr,  (100"  C.)  fur  at  least  two  hours  is  ordered. 

Soaktntj  and  Boilhifj  Cluthes. — The  boiling  of  clothex*?  is  nut  generally 
eoasidered  so  good  m  Imking,  but  still  is  very  usefid.  It  is  desirable  to  add 
want  chemical  agent  to  the  water,  and  chloride  of  lime  is  frequently  used  in 
the  proportion  of  1  gallon  of  the  strong  commerciid  solution  to  20  or  30 
gallons  of  water.  Carbolic  acid  (1  part  of  pure  acid  and  2  parts  of  com- 
mercial acid  to  100  of  water)  is  also  mu^li  employed.  The  (merman  military 
regulations  order  the  clothes  to  be  laid  fur  twenty-foiir  hours  in  a  soltition 
of  sulphate  of  zinc,  in  the  jiroiMirtiiiii  of  1  part  Uy  120,  or  of  chloride  of  zinc, 
in  the  prop<:)rtion  of  I  part  to  240,  and  then  to  be  washed  with  soap  and 
water,  if  the  clothes  cannot  be  baked.  Perch luride  of  mercury  (I  :  1000)  is 
now  used.  The  routine  Dr  Parkes  followed  in  the  case  of  a  large  military 
hospital  during  war  (Rcnkioi)  was  to  receive  all  dirty  clothes  into  a  large 
open  shed,  and  to  plunge  them  at  once  into  tubs  of  cold  water  with  chloride 
of  lime.  After  twelve  to  twenty-four  hours*  soaking,  according  to  their  con- 
dition, they  were  put  into  cop|K;rs  and  boiled,  chloride  of  lime  being  again 
added  to  the  water  \  they  were  then  put  into  the  washing  machine,  and 
then  dried  and  baked  in  a  dry  closet,  heated  to  the  highest  point  that  couhl 
be  got— about  200^  to  230^  Fahr.  (92"  to  114"  C).  If  lice  were  very 
numerous,  it  wtis  a  good  plan  to  bake  the  clothes  l)efure  soaking ;  the  Lieu 
were  mostly  killed,  but  some  were  only  t<:irpid,  and  were  still  living,  after  a 
temperature  of  probably  200*  Fahr.  (92"  C.)  They  could,  however,  bo 
shaken  out  of  the  clothes  easily  even  Lf  not  dead.  The  Glasgow  Sanitary 
Department  disinfect  clothing  by  squeezing  in  a  1  in  5000  perchloride  solu- 
tion by  means  of  hydraulic  pressure  before  washing  the  infected  articles. 

Fumigating  Ctothei. — This  is  best  done  with  sulphur,  which  may  be  used 
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ill  the  hot  chamljcr,  as  in  Washington  Lyon's  oven,  or  the  clothci?  are  sitj- 
peiuied  in  a  small  close  chaniber  or  large  vat,  and  a  Lirge  quantity  of  suJphar 
is  set  on  Ere,  care  being  taken  that  the  clothes  are  not  burnt.  Hair  maU 
treasea  must  b©  taken  to  pieces  before  fumigation  if  they  be  much  defiledJ 


4.  J^ecii  of  Chemical  Agtnis, 

Although  numerous  experiments  have  been  made  tipon  tbis  pcnat^  jBi  oor 
knowledge  still  remains  somewhat  cjbscure.  A  large  number  of  subetaiio^ft 
have  been  proposed,  and  many  actuidly  tried,  with  varying  result*.  One 
cause  of  discrepancy  has  been  tlie  somewhat  loose  way  in  which  the  term 
disinfectant  has  been  employed  in  cases  where  the  action  has  been  little 
more  than  dtodoranL  Chemical  agente  may  be  divided  into — (a)  di$in* 
fecktn^t  those  which  actually  destroj^  disease  poisons  and  minute  organism^ 
and  by  so  doing,  ] prevent  the  spread  of  diseases ;  (b)  anXistptics,  those  whirh 
suspend  vibiiity  and  the  power  of  propagation  of  micn>organisnis,  thereby 
restraining  or  absolutely  preventing  decomposition  ;  and  (c)  deodoixgnts^  wliich 
oxidise  the  products  of  decompiosition,  and  tliereby  destroy  or  correct  offen- 
sive odours.  Even  such  a  division  cannot  be  carried  out  consistently,  and 
all  that  we  can  say  is,  that  some  substances  act  powerfully  as  destix^yers  of 
dise^kse  poisun  and  minute  life,  if  used  in  sufficient  quantity  and  degree  of 
concentration  ;  such  substances  are  also  generally  deodorantjs.  Other  sub- 
stancL^s  do  not  appear  positively  to  destroy  disease  poison  or  minute  life,  but 
they  certainly  suspend  its  vitality  for  a  time,  and  wo  may  therefore  use  this 
interval  of  suspension  advantageously  by  getting  rid  of  the  infected  ma^ifr 
without  danger  in  transit. 

A  further  division  of  chemical  agents  might  be  into  gaseous,  liquid,  and 
solid,  and  other  divisions  might  also  bo  suggested.  Perhaps  the  mcist  con- 
venient plan  will  bo  to  state  the  objects  to  be  attained,  and  consider  the 
agents  which  may  be  used. 

Purification  of  the  Air  by  Chemical  Methods, 

The  great  purifying  actions  of  Nature  are  diffusion,  dilution,  transference 
by  winds,  oxidation,  and  the  fall  of  rain.  In  houses  the  power  of  ventilation 
is  the  only  safe  method,  but  some  effect  can  be  produced  by  chemical 
agencies  in  aid  of  ventilation. 

The  foreign  matters  in  the  ah',  which  can  be  removed  by  chenucal  means, 
are  carbon  dioxide,  hydrogen  sulphide,  ammonia  (usually  in  the  form  of 
ammonium  sidpMde),  and  various  organic  subst?\nce^  arising  in  an  infinitr 
of  ways,  wome  being  odorous,  others  not,  and  of  the  physical  and  chemical 
nature  of  which  little  or  nothing  is  known.  Air  puriliers  are  also  lisod  to 
check  the  growth  of  fungoid,  infusorial,  or  bacterioid  organisms.  They  are 
used  in  the  form  of  solids  or  of  liquids,  wliich  may  absorb  the  substances 
from  the  air,  or  of  gases  which  may  pass  into  the  air  and  there  act  on  the 
gases  or  molecular  impurities. 

(a)  Sdid  Air  Purijkrs, — Dried  earth,  quicklime,  charcoal,  and  calcium 
and  magnesium  carbolates  (phenates),  a  mixture  of  lime  and  coal-tar,  ore  the 
most  important. 

Of  these  dmrcoal  is  the  most  effectual.     It  presents  an  immense  surface, 
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and  has  a  very  extraordinary  power  of  separating  and  absorbinjLj  gases  and 
vapours  from  the  atmosphere/  and  oxidises  rapidly  almost  everything  capable 
of  oxidation  with  wliich  it  corner  in  contact.  Its  action  is  not  indiscrimi- 
nate, hut  elective  (A.  Smith) ;  when  charcoal  which  hai5  absorbed  oxygen  is 
warmed^  it  gives  ofi'  CO^  (A.  Smith),  a  proof  of  its  great  oxidising  power. 
Exposed  to  the  air  in  bags  or  shallow  pans,  its  action  as  a  deodorant  w  rapid 
and  persistent ;  its  efiFect  in  this  respect  is  especially  marked  with  sewage 
gases,  and  with  the  organic  emanations  in  disease.  It  also  absorks  hydrogen 
sulpliide.  It^  power  so  far  of  purifying  air  from  organic  emanations  Ls  really 
jreat,  and  can  be  employed  in  hospital  wanls  with  advantage. 

Of  tlie  dili'erent  kinds  of  charcoal,  the  animal  charcoal  has  tbe  highest 
ipjLitation,  and  then  pe^it.  But  the  c^rbou  left  in  the  tlistil lotion  of  B«:>ghc^l 
coal  has  been  stated  to  be  even  better  than  animal  charcoal.  Vegetable 
charcoal  acta  feeljly  ;  if  it  be  used,  it  should  l>c  rather  finely  powdered.  The 
deodorising  quahties  of  charcoal  on  air  scarcely  lessen  with  time  if  the 
charcoal  be  kept  dry.  Charcoal  filters  to  h«  placed  before  the  mouth  have 
been  recommended  Ijy  Stciihouse,  and  might  be  useful  hi  cases  of  very  im- 
pure air.  Dried  marly  earth  is  much  mferior  to  charcoal,  but  still  can  be 
employed  in  the  absence  of  the  latter. 

Quirklime  ahvS<irbs  CO2  and  perhapa  compounds  of  sulphur,  and  hm  been 
employed  for  that  purpose. 

Cakium  and  mafjn^sium  carbolai^jf  have  also  been  used ;  as  they  give  off 

'bolic  acith  their  action  is  probably  chiefly  in  that  way. 

(6)  Liquid  Air  Purifier n, — iSolutions  oi  potaMium  perjuanffawdc  (Condy's 
red  fluid),  nnt*  chloride^  and  lead  tiiirate  are  sometimes  used,  Ixnug  either  ex- 
posed in  flat  dishes,  or  cloths  are  dipped  in  the  solution  and  exposed  to  the 
air.  They  act  only  on  the  air  which  comes  in  contact  with  them,  but  in 
that  way  abdorb  a  good  deal  of  impurity.  Condy's  fluid,  when  weU  expose<l 
to  the  air,  seems  to  have  a  good  purifying  cttect,  and  to  lessen  the  ulose 
smell  of  ill-ventilated  rooms,  and  it  absorbs  hydrogen  sulphide,  and  so  will 
also  solution  of  nitrat<;!  of  lead. 

(c)  Ga^eouH  Air  Punjiers. — The  evolution  of  gases  into  the  air  is  the 
most  powerful  means  of  purifying  it  independent  of  ventilation.  The 
principal  gases  are  chhrinf^  fumea  of  iodine  and  bromine^  mtroua  and  ml- 
phurout  acidify  carbolic  acid^  tar  fnnus^  acetic  acid^  ammnnia  and  o:one. 

Chlorine, — ^iven  off  from  chloride  of  lime,  moistciued  with  water  or  witb 
dilute  sulphuric  acid,  and  placed  in  shallow  vessels;,  or  from  chloride  of  soda, 
or  evolved  at  once.  The  Army  Medieal  Reirulatiorm  diretit  that  for  each 
1000  cubic  feet  of  space  the  following  should  be  used  : — common  salt^  8  ost. ; 
mang[meae  dioxide,  2  oz, ;  sulphuric  acid,  2  oz. ;  water,  2  oz. :  the  water  and 
acid  to  be  mixed  together,  and  then  poured  o\'er  the  other  ingredients  in  a 
delf  basin,  whicli  should  be  placed  in  a  pipkin  of  liot  sand.  Or  four  parU  by 
weight  of  strong  hydrocliloric  aci<l  may  be  poured  on  one  f>art  of  powdered 
manganese  dioxide.  Clilorine  decomposes  hydrogen  and  ammonium  sul- 
phides at  once,  and  more  cerU^nly  than  any  otlier  gas.  It  doubtless  destroys 
organic  matter  in  the  air,  as  it  bleacbes  organic  pigments,  and  destroys 
Oilours,  either  by  al>stractuig  hydrogen,  or  by  indirectly  oxidising. 

According  to  Fischer  and  Proskauer,  chlorine  is  the  Wt  of  gaseous  disin- 
fectantrt,  it«  power  increasing  with  the  amount  of  mt>isture  present.  In  air 
of  moderate  humidity,  1  per  cent  chlorine  kills  id  I  micro-orgmiisms  within 
24  hours;  but  this  would  require  about  15|  lbs.  chloride  of  lime  and  22  llis. 
hydrochloric  acid  for  each  1000  cubic  feet.     If  the  air  be  saturated  with 


^  Sennebicr,  quoted  by  ChevalUer,  TraiU  des  Disi^fteL,  p  146,  Abd  A.  &tuith« 
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moisturGj  which  may  be  done  b}^  wetting  the  walls,  floors,  ^c,  and  by  dif- 
f lifting  steam,  '3  per  cent,  of  chlorine  is  sufiicient,  disinfection  being  compktp 
after  8  hours*^  Hangings,  carpets,  &c.,  should  be  removed  and  ili  ■  t{ 
by  moist  heat^  as  chlorine  fails  to  destroy  organisms  in  them  y 

would  be  injured  l»y  its  action. 

Enc}ilorin<-%  a  mixtyi-e  of  chlorous  acid  and  free  chlorine,  obtained  by 
gently  heating  (Ijy  placing  the  saucer  in  warm  water)  a  mixture  t>f  strong 
hydrochloric  acid  and  potassium  chlorate,  has  been  also  nsed  instead  of  puw 
chlorine.  It  has  been  strongly  re  coin  mended  l»y  Professor  8  tone,  of  Man- 
chester, who  hiis  devised  a  fipet^ial  ajiparatus  for  its  disengagement.  He  idso 
uses  it  by  placing  fuming  hyilroehloric  acid  in  a  wine-glass,  and  adding  a 
few  grains  of  chlorate  from  time  Uy  time.  In  that  way  there  is  no  danger  of 
explosion,  as  sometimes  is  the  ctise  if  a  large  quantity  of  clilorate  is  warmeil 
with  hytlrochloric  aci<L  The  odour  of  euchlorine  Is  more  pleasant  than  that 
of  chlorine  ;  it  acts  as  rapidly  on  iodide  of  potaaaimn  and  starch  pAf»er,  and 
appears  to  have  a  similar  action  on  organic  substjvnces ;  it  is  piYibably  in- 
ferior  to  pure  chlorine,  but  the  e^ise  of  development  and  its  ple^isanter  smeJl 
are  in  its  favour. 

Iodine  can  Ik*  easily  diffused  through  the  atmosphere  by  placing  a  small 
quantity  on  a  hot  plate.  I)r  Richanlson  proposes  to  saturate  a  solution  of 
peroxide  of  hydrogen  with  iodine,  and  to  add  2i  per  cent,  of  sea-$fi1t;  by 
"at^imising"  or  "pulverising"  the  fluid  by  the  little  instniraent  used  tot 
tliis  purpose,  the  nir  c^in  be  chjirged  with  iodine  and  sea-salt  spray  v^^ry 
readily.  Iodine  will  decompnse  8H.„  and  destroys,  therefore,  much  odour. 
It  is  a  powerful  arrester  of  putrefaction  ;  hvit  aa  it  condenses  ea^y,  and  does 
not  diffuse  everywliero  like  chlorine,  it  might  be  expected  to  be  less  uaefol 
than  chlorine. 

Bixtmim. — In  the  American  civil  war  bromine  was  rather  largely  used  ns 
an  neritd  disinfectant ;  a  solution  of  bromine  in  bromide  of  potassium  is 
placed  in  saucers  and  exposed  to  the  air ;  the  vapour  is,  however,  very  irritat- 
ing, iind  should  not  lie  disengaged  in  too  large  an  amount.  Its  diffusion  is 
imequalj  and  it  is  practically  not  so  useful  as  chlorine. 

Nifmm  acid  or  Nitrofjen  tttroriih  can  be  evolved  by  putting  a  bit  of 
eopj>er  in  nitric  acid  and  a  little  water.  The  nitrogen  dioxide  which  is  given 
off  ttikes  oxygen  from  the  air,  and  red  fumes,  consisting  chiefly  of  nitxogen 
tetroxide  or  nitrous  acid  (XO.^),  are  formed. 

The  oxidising  action  of  nitrous  acid  is  very  great  on  organic  matter.  It 
removes  the  smell  of  the  dead-house  soener  than  any  other  gas.  It  is  veiy 
irritating  to  the  lungs,  and  in  large  quantities  may  cause  vertigo,  nausea, 
vomiting,  and  even  death  :  great  care  is  required  in  its  use. 

The  action  of  nitrous  acid  results  from  the  ease  with  which  it  parts  with 
oxygen  to  any  oxidisable  sulistance,  being  converted  into  nitrogen  dioxide, 
which  again  at  once  combines  with  atmospheric  oxygen,  and  so  on. 

For  1000  cubic  feet,  take  copper  shavings,  1  ox,  ;  nitric  acid,  3  ax.;  water, 
."5  oz. ;  and  pour  the  mixed  acid  and  water  upon  the  copper  in  a  sanail 
jar. 

Sulphurow  dtid  or  Sulphur  dkiTide, — Most  easily  evolved  by  burning 
sulphur.  Acconling  to  the  Armfj  Medwl  Rfgidaiitym  8  oe.  are  used  for 
every  1000  cubic  feet.  If  1  ftj  be  used  for  1000  cubic  feet,  the  amount  of 
SO^  evolved  is  only  11 '7  cubic  feet,  or  1*17  per  cent.  Letheby  recommeatb 
i  02.  for  every  10  cubic  feet ;  this  gives  '366  cubic  feet,  or  3*66  per  cent,  of 
80 J.     According  to  Koch*s  experiments  even  when  SOj  was  present  to  the 
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extent  of  10  p«r  cent.,  and  tho  air  saturated  vnth  moisture,  mif-TO-organiams 
grew  vigorously  after  24  lioui^'  exposure.  Koch  concludes  that  for  tlie  pur- 
poses of  practical  disinfection  SO.^  is  useless.^  On  the  other  hand,  Duhief 
and  Bruhl  found  it  to  be  an  eftectual  germicide,  especially  M*hen  the  air  is 
moist. "^  It  decomposes  hyilrogeu  sulpliide  { 8U^, -f  2H,28  =  3S -f  2HoO),  and 
also  comhine^s  with  ammotiiii.  It  hiw  also  been  supposed  to  act  powerfully 
upon  organic  matter  (Graham),  and  probably  does  so  if  onunonia  is  not  pre- 
sent. The  use  of  sulphur  tires  in  times  of  epidemics  has  been  recommended 
(Tuson), 

Carfjotie  Aciif. — ^This  substance  is  given  off  when  solid  carbolic  acid  is 
placed  in  a  saucer^  or  when  the  liquid  acid  and  water  are  sprinkled  about, 
or,  stiU  better,  when  one  part  of  the  acid  and  two  of  ether  are  allowed  to 
evaporate.  It  is  difficult  to  measure  its  action,  as  it  deoomposes  solution  of 
potassium  perraangimate,  which  cannot  therefore  be  used  as  a  measure  of  the 
organic  impurity  of  air  when  carbolic  acid  vapours  are  present 

Dr  Sanson!  ^  has  shown  tliat  when  the  acid  evaporates,  one  grain  of  carbolic 
acid  is  tiken  up,  at  ditferent  temperatures,  by  the  following  amounts  of  air, 
vi2.,  by  320-75  cubic  inches  at  50"  Fahr.  (iO"  C),  by  159*44  cubic  inches 
at  60'' Fahr.  {15°5  C),  and  by  9375  cubic  inches  at  70"  Fahr.  (2r  C). 
Vaporisers  for  carbc*he  acid  fumes  have  been  made,  by  means  of  which 
carbolic  acid  falls,  drop  by  divjp,  on  a  hot  metal  pltite.-*  Dr  Langstafl'^' 
invented  a  trough,  contiiiuing  flsinncl  wetted  witli  water  and  carbolic  acid 
{ 1  part  of  acid  and  20  of  water),  which  is  placed  in  the  inlet  ventilating 
tubes;  he  foimd  that  at  a  temperature  of  b7°  Fahr.  (14"  C,)y  four  ounces 
of  water  are  Uken  up  in  twenty-four  hours,  and  this  will  keep  the  air  of 
a  ror^m,  22  feet  x  1 0  ant  I  1 1  feet  higli,  thoroughly  impregnated  with  the 
odour.  Carhiilic  acid  conceals  all  wlours,  though  it  will  not  destroy 
hydrogen  sulphide  if  it  exists ;  it  lessens  the  rapidity  of  putrefaction  of 
animal  suhatmce.s  sus[)ended  in  a  room,  and  they  also  dry  faster,  according 
to  Liingstaff.  It  also  rapidly  arrests  the  growth  of  fungi,  though  it  will 
not  completely  destroy  them  ;  for  exanifile,  some  fre^h  faecal  matt^jr,  free 
from  urine,  was  put  in  a  bottle,  and  air  washed  in  strong  sulphuric  acid 
drawn  over  it ;  fungi  appeared  rapidly  on  tlie  faecal  matter.  Air  impregnated 
with  carbolic  acid  %vaa  then  passed  over  the  fungi ;  they  became  discoloured, 
brownish,  and  apparently  ilied  ;  but  on  again  substituting  washed  air,  tliey 
revived.  The  rapid  destruction,  and  the  as  rapid  recovery  and  regrowth, 
coulil  lie  repeated  many  times,  an<I  showed  that  the  carbolic  acid  air  had 
withered  without  actually  killing  the  fungi ;  the  action  of  carbolic  acid  may 
be  said  to  be  restraint  of  putrefaction  and  limitation  of  growth  of  low  fonns 
of  aerial  life.^  The  exact  mode  in  wliich  it  acts  is  uncertauL  When 
in  some  quantity,  it  coagulates  albumin  ;  and  it  has  been  supposed  to  be  in 
this  way  that  it  restrains  putrefaction." 

A  mixture  of  1  part  of  c-arbolle  acid  and  9  of  vinegar,  and  a  little  camphor, 
has  l>een  used  as  a  deodorant  in  cabins  on  board  ship. 

Oione, — This  has  also  been  proposed  as  an  air-purifier,  disengaged  by 
mixing  very  gradually  3  parts  of  strong  sulphuric  acid   and   2  parts  of 


i  Op,  eii.t  p,  fjOT. 

«  CmnuteA  7?  '   u  824. 

*  The  Anti*'  hy  A.  R  SaniioTii,  M.D.,  1871,  p.  15. 

^  Sihvorv  nil  I  ■  "    '^ '  ^^Y  Simoom. 

■  HvMjn!     //  1    M.U.,  1872,  p.  20. 

f  VaHouj*  otber  hy^lrwAr      i    i  i     ^Uly  jict  in  the  iwiiin?  wtt}%  iw^  for  instjincp,  the  ter«lj«ne 
propoMd  by  Dr  Bond  of  Gl    i      t     ,  Icye*'  Ferf^ct  Puritier,  untl  Little's  8<>1  utile  Phenol. 
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potaaaiiim  perman^inate  (C,  B.  Fox).     It  was  mucli  used  by  Dr  Moffitt  in 
cholera  and  cattle  plague. 

Coal-tar  mid  Bitumen  FuTnes,- — This  is  an  old  pkn  much  used  in  the  la&t 
century  ;  the  fume^  contain  carbolic  and  cresylic  acids  with  other  substance*^ 
and,  it  is  presiuntd,  have  the  same  effect  as  carbolic  acid.  The  substanctf 
employed  by  Siivem,  and  which  has  had  some  reputation  in  Germany,  owe* 
itc3  success  a^  an  air-pimfier  t-o  the  fumes  of  coal-tar. 

Vhiegar  and  Ammonia. — The  vapour  of  vinegar  \s  an  old  remedy,  aaid 
wan  much  employed  by  Howard  in  the  f)urification  of  jails ;  the  efficient 
agents  were  probably  heat  and  ventUation,  which  Howard  made  use  of  at 
the  same  time.  The  vinegar  would,  of  course,  neutralise  any  ammoiiiacal 
vapours  which  might  he  in  the  air ;  whether  its  action  would  extend  beyonul 
this  is  doubtful^ 

Tlie  vapour  of  ammonia  would  not  a  priori  seem  likely  to  be  a  purifier, 
though,  as  it  restrains  decomposition  in  solid  matters,  its  vapour  may  hav^ 
an  ettect  in  the  air.  Wynter  Blytb  '^  found  it  reduced  bacteria  colonies  in 
sewage  by  97  per  cent 

It  will  be  observed  that  the  chief  gases  attacked  by  the  air-purifiers  itre 
hydrogen  and  ammonium  sulphide,  which  are  easily  destroyed  by  sevenU 
agents,  especially  l>y  chlorine,  iodine,  and  aidpljurous  acid  gas. 

Punficadon  of  Mootiis  after  Infect iom  Dii^m^es. — All  woodwork  should  be 
scndtlx-d  with  corrosive  sublimate  solution  (1  in  5000),  and  after«'ard» 
washed  with  soft  soap  and  water.  The  walls  should  be  well  washed-  AH 
fal>i'ics  should  be  removed,  and  subjected  tt*  dishifection.  The  rooms  should 
be  fumigated  for  three  hours  with  chlorine,  or  nitrous  acid  or  sulphurous 
acid.  After  three  hours  the  doors  and  windows  should  be  opened,  and  kepi 
oi»en  for  twenty-four  or  thirty -six  hours. 

In  white- washed  rooim*  tlie  walls  should  be  scraped,  and  then  washed  with 
hot  lime  to  which  carbolic  acid  ma^''  be  added. 

Mortuaries  and  dead-houses  are  best  purified  with  nitrous  acid  or  cldorinc. 

It  ought  to  be  clearly  imderstood  that  anything  like  effectual  disinftctian 
is  only  possible  by  fumigation,  when  the  air  is  rendered  irrespirable  for  the 
time.  Therefore  any  attempt  wliilst  a  room  Ls  in  actual  occupation  can  only 
be  successful  in  deodorising,  —  experiment  having  shown  that  minute 
organisms  are  not  destroyed  by  anythijig  short  of  poisonous  doses  which 
would  prove  fat:d  to  man  or  the  higher  animids.  If,  however,  the  genus  of 
disease  are  (as  is  suspected)  much  more  vulnerable  than  ordinary  putre- 
factive Badcrla,  partial  fumigation,  such  as  may  be  employed  in  a  siok-rtKuw, 
may  do  some  good.  Even  the  deodorisation  alone  will  be  an  advantage,  but 
it  is  well  not  to  depend  too  much  upon  it,  and  so  permit  it  tt>  engemler  a 
false  security,  or  allow  it  to  interfere  with  complete  and  perfect  voiitilation. 
Within  tlie  last  few  years  an  enormous  number  of  experiments  have  been 
made  with  regard  to  the  effect  of  chemical  reagents  on  micro-organisms,^ 

From  a  number  of  experiments  made  at  Netley  hy  Drs  McDonald,  Notter,* 
and  do  Chaumont,^  the  conclusions  arrived  at  were  that  disinfectants  required 
to  be  in  poisonous  quantity  before  they  affectetl  low  forms  of  life,  such  as 
Bdderia.     Similar  conclusions  have  been  arrived  at  by  Lebon.'*     At  the 


1  It  niAy  perbftps  deUy  putrcfnctioa  and  the  growth  of  minute  organismii. 

*  ProcwfUngK  n/thf  Royal  Socwffy,  voL  xxtix.  p,  272. 

3  For  early  investigations  on  this  subject  m^  The  Anlisepik  Syst^fm^  by  A.  E.  S«iijioin, 
M.D,,  1H71  ;*  On  the  MeUiiive  Power  of  various  ^hibjftaTices  in  Prewnting  the  (iermimUiom  ^ 
AnimaUMloe^  by  John  Dotiffall,  1871. 

*  D\Min  Journal  qf  Meaical  iS«?t>»<y,  September  1879. 

*  Re|^»nTt  on  Hvf3:i«w*i.  Arrnt/  Medktd  RepttrU,  vol.  %x,  1880. 

*  Coitipie^  Itendus,  JiiiUet  1S82,  p.  259. 
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Qe  he  point-s  out  that  thcTc  is  little  or  no  pamllelijsm  between 
actioE  on  onlinar}^  Badrna  and  disinfection*  Thus  potaa^iura  pennauganaUi 
is  a  disinfectant,  hut  has  little  action  on  Bacteria;  alcohol,  on  the  other 
hand,  prevents  the  development  of  the  latter,  but  is  no  Lliainfectant 

Mr  Wynter  Blyth  found  that  ^  absolute  alcohol  60  per  cent  cbsinfects, 
but  absolute  amyl  alcohol,  pure  ether,  chloroform,  and  carbon  di.'iulphide 
merely  delay  growth.  Phenol  disinfects  at  15''*5  C.  (  =  60'  F,)  with  a 
str*.-ngtb  of  O'S  per  cent.,  whilst  at  35'-5  C.  (  =  96'  F,)  0  25  per  cent  is 
cliicacious,  Cresol  at  either  tempemture  disinfects  at  0'25  per  cent  The 
pyridine  Imses  are  eftkacio^is  at  varying  strengths  (3  per  cent  and  under), 
but  especially  at  the  higher  temperature.  Tobacco  smoke  (which  contains 
bases  of  the  pyridine  scries)  was  found  to  disinfect  Stiycimine,  brucine, 
quinine,  and  atropine  are  efficacious  at  0*25  to  050  per  c^nt.  Morphine, 
even  at  1*0  ]>er  cent,  has  no  effect  Ferrous  sulphate  merely  delays  growth  ; 
potassic  permanganate  must  be  of  at  least  1  per  c^nt  strength,  and  even  then 
its  effect  may  l«3  arrested  by  some  innocuous  organic  matter  reducing  it. 
Chlorine,  bromine,  and  iotline  tlisinfect  completely  at  0  01  per  cent,  the 
order  of  strength  being  as  stated.  All  the  above  experiments  were  made  on 
BacUrivm  tenno, 

Accoriling  to  Koch  a  good  disinfectant  must  be  rapid  as  well  as  certain  in 
its  action.  In  no  case  ought  more  than  twenty-fom'  hours  to  be  allowed  for 
the  complete  destruction  of  all  germs,  and  in  many  case^  oidy  a  very  brief 
oxj>osui'e  can  be  obtained.  Koch  states  that  among  reagents,  which  have 
been  regarded  as  destructive  to  organic  life>  some  have  no  effect  on  anthiax 
spores — such  as  hydrochloric  acid  (2  per  cent),  sulphuric  ticid  (1  per  cent), 
chloride  of  lime,  &c. ;  while  many  have  only  a  very  feeble  action,  as  borax 
and  its  compounds,  benzoic  acid,  quinine,  &c.  Comparatively  few  out  of 
tlie  long  list  of  substances  experimented  on  comply  with  the  conditions  al>ove 
stated.  The  following  showed  rapid  and  complete  action,  all  of  them  destroy- 
ing the  organisms  on  the  hrst  day: — Chlorine  water  freslily  prei>ared, 
bromine  2  ivev  cent,  in  water,  io^line  water,  osmic  acid  1  per  cent,  in  water, 
]>ermanganate  of  poUush  5  per  cent,  in  water,  bichloride  of  mercniy  1  in 
20,000  in  water.  A  5  per  cent,  watery  solution  of  ciirljolic  acid  caused 
complete  flestntction  of  spores  between  the  first  antl  sect^nd  day ;  a  5  per 
Dent.  Hulution  in  oil  or  alcoliul  had  no  action  on  anthrax  spores,- 

In  the  experiments  of  (Jiirtner  and  I*lagge  it  was  founil  that  mercuric 
chloriiio  solution  killed  niicnvorganisms  even  in  8  seconds,  with  the  single 
exception  of  those  of  nieuingitis,  which  lived  after  60  seconds.  Carbolic 
acid,  3  [)er  cent,  killed  aJI  organisms  without  exception  in  8  seconds:  witli 
a  1  per  cent  sohition  of  carbohc  acid  rapnd  disujfection  was  obtained  in  the 
case  of  anthrax  and  glanders  baciliu  It  should  be  noted  tlmt  these  exijeri- 
ments  refer  to  bacilli^  and  not  U^  their  spores.^ 

Dr  A«  Edington,*  from  com}jarative  cxi)eriments  on  the  spores  of  Bncillua 
sukilis  and  J?.  antJiracin^  n^commends  hydronaphthol  as  a  most  clBcient 
antiseptic  and  germicide,  more  so  than  mercuric  bichloride,  and  much  more 
than  carlioHc  acid.  It  may  be  used  in  satumted  watery  solution  of  1  per 
1000,  and  is  not  poisonous :  the  formula  is  C,^lLOH. 

"Sahifer"  has  l»een  recommended  by  Mr  Mayo  Robson,  as  an  efficient 
antiseptic,  1  grain  to  tin  ounce  of  water,  for  ordinary  cases,  being  safe  and 
unirri  tilting.'^ 

Professor  Emereon  Reynolds  strongly  recommends  "Thiocamf,"  a  liquid 


»  Proc.  Rof.  Soc.,  vd.  xtxix.,  1885. 

*  Fliiege,  Mi4:rrO'Ormnimu,  oik.  cit,  pftge  665. 

*  B.M.J.,  1889,  L  1047, 


^  Koch  tm  Diti^fteium^  op.  dL 
«  /W<L,  1888.  I  1164. 
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from  which  is  evolved  80^  and  other  disinfectant  vapours.  He  states  that 
one  ounce  to  a  quart  of  water  forms  a  |K»werful  disinfecting  solution.! 

Sir  J.  Lister  has  lately  advocated  the  employment  of  a  double  cyanide  of 
mercury  and  zinc  as  being  the  most  efficient  antiseptic.^ 

The  remarkable  power  shown  by  saiiet/lic  acid  in  arresting  fermentatian, 
and  its  value  in  the  antiseptic  tre^traejit  of  wounds,  would  seem  to  indicate 
it  as  a  good  agent^  but  it  is  at  present  too  expensive  for  use  on  a  large  scale. 


5.  Disinfection  in  various  Dismui^, 

\  Eji'anihemaiaf  ScaHet  Fever^  and  Rothdn. — The  points  to  attack  are  dio 
tin  and  the  throat.  The  skin  should  he  rubbed,  from  the  very  commence- 
ment of  the  rash  until  completed  desquamation,  with  camphorated  oil,  or  oil 
with  a  little  weak  carbolic  acid.  The  throat  should  be  washed  mtli  Condj* 
fluid,  or  weak  solution  of  sulphurous  acid.  Clothes  and  bedding  should  be 
disinfected  in  one  of  the  ways  previously  mentioned.  The  clothes  &houli1 
not  be  washed  at  a  common  laundry* 

In  this,  as  in  all  case*?,  there  can  be  no  use  in  using  aiirial  disinfectants, 
unless  they  are  constantly  in  the  air,  so  as  to  act  on  any  j»article  of  ^Kiison 
which  may  pa^ss  into  the  atmosphere  :  atrial  disinfectants  are  therefore  inap- 
plicahle  Ui  a  sick  room  while  occupied. 

Smallpox, — The  skin  and  the  discharges  from  the  mouth,  nose,  and  eym 
are  to  be  attacked.  There  is  much  greater  difficulty  ^vith  tbe  skin,  $s 
inunction  cannot  be  so  well  performed.  But  smearing  with  camphorat«Hl 
oil  and  a  little  carbobsed  glycerine,  or  in  diflficidt  cases  applying  carbolised 
glycerine  to  the  papules  and  commencing  pustules,  might  be  tried.  The 
permanganate  and  sulphurous  acid  sohitions  should  l>e  used  for  the  mouth, 
nose,  and  eyes.  The  clothing  should  always  be  most  carefully  disinfected. 
The  particles  which  pass  int45  the  air  are  enclosed  in  small  dried  pieces  of 
puB  and  epithebal  scoles ;  and  Bakewell,  who  has  examined  them,  expresses 
great  doubt  whether  any  air-puri±ier  wonld  touch  them. 

Measles. — ^Oily  api>lications  to  the  skin,  and  carbolic  acid  or  sublimate 
solution  in  tbe  vessels  receiving  the  expectoration,  appear  to  be  tbe  piopsr 
mesisures. 

Tophus  (Kvanlhematicinf).— Two  precautions  seem  sufhcient  to  prevent  the 
spread  of  typhua — viz.,  most  complete  ventilation  and  immctliate  disinfec- 
tion and  cleansing  of  clothes.  But  tliere  is  also  more  evidence  of  use  ft^mi 
air-purihers  than  in  the  exanthemata.  The  nitrous  acid  fumes  wero  tried 
very  largely  towards  the  close  of  the  last  century  and  the  hegiiming  of  this, 
in  the  hulks  and  prisons  where  Spanish,  French,  and  Russian  prisoners  of 
war  were  confined.^  At  that  time,  so  rapiiUy  did  the  disease  spread  in  th« 
confined  spaces,  where  so  many  men  were  kept,  that  tlie  efficacy  even  of 
ventilation  was  doubted,  though  there  can  he  no  question  that  the  amount 
of  ventilation  which  was  necessary  was  very  nnich  underrated.  Both  at 
Winchester  and  8heerness  the  circumstances  were  most  difficult ;  at  the 
latter  place  {in  1785),  in  the  hulk,  200  meUj  1-50  of  whom  bad  typhus,  wore 
closely  crowded  together ;  10  attendants  and  24  men  of  the  crew  wer<» 
attacked  ;  3  medical  officers  had  died  when  the  experiments  commenced. 
After  tbe  fumigations,  one  attendant  only  was  attacked,  and  it  appeared  as 

1  B,M.J.,  1889,  ii.  134.  a  Ihid.,  1889,  iL  1025. 

•  It  was  umd  at  Winchester  in  1780  by  Carmicliael  Sniith,  and  aghin  at  Sheerne^s  iu  1785, 
Smith  imbhsUed  several  accoimtji.— Jn  AccoufU  qfthe  Expcritnent  iftadt  at  ih£  deitire  q/"  Uk 
Lordji  Cotamiintumerx  qf  the  Admiralty ,  by  J«  C.  Smitli,  1796.  According  to  VaUfn,  Umt 
fumv»  yfvTM  roftlly  thoHu  of  liyjxj-uitirous  acid.— Amonld's  Sygiine^  \k  500, 
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if  the  disease  in  those  already  suffering  became  milder.  In  1797  it  waa 
again  trif^il  with  success,  and  many  reports  were  made  on  the  subject  by 
army  and  naval  surgeons.  It  was  subsequently  largely  employed  on  the 
Codtinent^^  and  everywhere  seems  to  have  been  useful. 

Hydrochloric  acid  was  employed  for  tlie  same  purpose  by  Guji^n-de- 
Morveau,  in  1773,  hut  it  is  douhtless  much  inferior  to  nitrous  acid.  Chlorine 
Lias  been  also  employed,  and  apparently  with  good  results. ^ 
I  III  typhus  it  would  seem  probable  that  the  contagia  pass  off  constantly  by 
■the  skin ;  at  leasts  the  effect  of  ventUation,  and  the  way  in  which  the  agent 
^ adherer  to  body  linen,  seems  to  show  this.  The  agent  is  also  not  enclosed 
in  qutxn titles  of  dried  discharges  and  epidermis,  as  in  the  exanthemata,  and 
is  therefore  less  persistent,  and  more  easily  destroyed,  than  in  those  cases. 
Hence  possibly  the  greater  benefit  of  fumigations,  and  the  reason  of  the 
arrest  by  ventilation.  The  clothes  should  be  thorougldy  disinfected. 
Bubo  Piagui, — ^The  measures  would  proliably  be  the  same  as  for  typhus. 
Enteric  {Tifphjid)  Feoer. — ^The  bowel-discharges  are  believed  to  be  the 
chief  J  if  not  the  si>le,  agents  in  spreading  the  disease ;  effluvia  from  them 
may  escape  into  the  air»  and  adhering  to  walk,  retain  power  for  some  time, 
or  the  discharges  themselves  may  get  into  drinking  water.  Every  discharge 
shovdd  be  at  once  mixed  with  a  powerful  chemical  agent ;  of  these,  mercuric 
chloride  is  one  of  the  be^t.  It  should  be  acidulated,  and  the  following 
formula  is  rex^o  mm  ended  hy  Dr  Pai^tms : — ^  Merc  uric  chloride,  J  oz. ;  hydro- 
chloric acid,  1  oz. ;  aniline  blue,  5  grains ;  water,  3  gallons.^  Chloride  of 
iime  also  acts  well,  and  aocortliug  to  some  authorities,  carbolic  acid  5  per 
cent,  is  effectual,  though  opinions  are  divided  on  this  point.  Ferrous  sulphate 
is  not  to  be  relied  upon,  according  to  Koch  and  Wynter  Blyth.  Alter  com- 
plete mixing,  the  stools  must  he  thrown  into  sewers  in  towns ;  but  tliis 
should  never  he  done  ivithout  previous  complete  disinfection ;  Wynter  Blyth 
shows  that  the  shorter  the  time  the  disinfectant  acts  the  less  the  disinfection. 
In  euiiiitry  places  they  should  be  deeply  buried  at  a  place  far  removed  from 
any  wi*ter  supply ;  they  should  never  be  thrown  on  manure  heaps  or  ioti» 
middens,  nor  into  earth  closets,  if  it  can  possibly  he  avoided.  The  best  plan 
would  he  to  biun  them.  As  the  bed-clothes  and  beds  are  so  constantly 
stuled  with  the  tlischarges,  they  should  he  carefully  disinfected  by  moist 
heat ;  and  if  this  cannot  be  done,  one  of  the  methods  previously  mentioned 
should  be  used. 

Cholera,  — There  can  be  Httle  doubt  that  the  discharges  are  here  also  the 
active  media  of  conveyance  of  the  disease,  and  their  complete  disinfection  is 
a  matter  of  the  highest  importance.  It  is,  however,  so  dithcult  to  do  this 
wnth  the  immense  discharges  of  cholera,  e^specially  when  there  are  many 
patients,  that  the  evidence  of  the  use  of  the  plan  in  the  last  Euroj^e^^n 
ej^idemic  is  very  di8api>oint!ng. 

The  ferrous  sulphate  (green  vitriol),  which  has  been  atronglj  recom- 
mended by  I^ettenkofcr  as  an  addition  to  the  cholera  evacuations,  was  fully 
tried  in  18B6  at  Frankfurt,  Halle,  I^ipzig,  in  Germany,  and  at  Pill,  near 
BrisUjl,*  and  in  those  cases  without  any  good  result.  In  other  places,  as  at 
Baden,  the  benefit  was  doubtful.  It  seemed  to  answer  better  with  Dr  Budd 
and  Mr  Dax'ies  at  Bristol,  but  other  substances  were  also  used,  viz.^  cldorine 
gas  in  the  rooms^  and  chloride  of  lime  and  C^ndy*s  fluid  for  the  linen.     On 


Cbevallier*  TnLiU  tLf4  DUir^edafUt,  pp.  39,  40. 


>  AJ/y,  August  31,  1889. 

«  Tibbets  Mtdical  Ti^ttts  and  GcustU,  October  1867. 
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the  whole,  it  seems  to  have  been  a  failure,  i  Carbolic  acid  was  lar^^^^^U 
in  England  in  1866^  and  appeared  in  some  cases  to  be  of  uae,  as  at  I'ill,  4H 
Bristol,  and  jjerhaps  in  Southampton.  It  failed  at  Erfurt,  but,  as  it  i» 
beheved  the  wells  were  contaminated  hj  soakage,^  this  is  perhaps  no  certaio 
case.  Chloride  of  lime  and  lime  were  use<l  at  Stettin  i^-ithout  any  good  r^ 
sultj  and,  on  the  wdiole,  it  may  be  said  that  the  so-called  disinfection  of  thil 
discharges  of  cholera  does  not  seem  to  have  been  attended  with  very  marke<fl 
benelit.  At  the  same  time,  it  cannot  he  for  a  moment  contended  tliat  thj 
plan  ha*5  had  a  fair  trial,  and  we  caji  easOy  beheve  that  unless  there  is  a  fulfl 
understanding  on  the  piart  of  both  medical  men  and  the  puhhc  of  what  ia  tafll 
be  accomplished  by  this  system,  and  a  conscientious  carrying  out  of  the  plaH 
to  its  minutest  details,  no  safe  opinions  of  its  efticacy  or  othervriso  cjia* 
be  arrived  at.  It  would  he  desirable  to  try  the  effect  of  chromic  acid 
or  potassium  ijichmmate.  Acidulat<?d  corrosive  sublimate  is  probably  thuj 
best  chemical  disinfectant,  but  hurningj  if  this  c^in  he  carried  out,  woidd  hm 
tlxe  best  of  all.  I 

With  reguj*d  to  air-purifiers,  little  evidence  exists.  Chlorine  gae,  di^usedj 
in  the  air,  was  tried  very  largely  in  Austria  and  Hungary  in  1832,  but  witlv<l 
out  any  good  results.  Nitrous  acid  gas  was  used  at  Malta  in  liSBo,  bull 
apparently  did  not  have  any  decided  influence,  although  Ramon  de  Lunal 
has  asserted  that  it  has  a  decided  preservative  effect^  and  that  no  one  waal 
attacked  in  Madrid  wlio  used  fumigations  of  nitrous  acid.  But  negativQl 
evidence  of  this  kind  is  always  doul>tfuL  Charcoal  in  bulk  appears  to  havel 
no  eifect ;  T)r  Sutlierland  saw  a  ship's  crew  severely  attacked,  although  tliM 
sliip  was  loaded  with  charcoal,  ■ 

Carbolic  acid  vapour  diffused  in  the  atmosphere  was  largely  used  in  1^^661 
in  England  ;  the  liqmd  was  sprinkled  about  the  water^  and  sawdust  I 
moistened  witii  it  was  laid  on  the  lloors  and  under  the  ptitient^s.  The  efloctl 
in  preventing  tlie  s]>read  of  the  disease  was  very  uncertain.  The  lighting  of  ■ 
sulphm*  fires  in  infected  districts  has  been  reconmiended  in  India,  I 

Ydlow  Ftver. — In  this  case  the  discharges,  especially  from  the  stomach  1 
and  bowels,  pnihably  spread  the  disease,  and  disinfectants  must  be  mliedfl 
with  them.  Fumigations  of  nitrons  acid  were  employed  by  Ramon  del 
Ltnui,^  and  it  is  asserted  that  no  agent  was  so  etl'ectual  in  arre.sting  the  1 
spread  of  the  disease. 

D^itenteri/. — It  is  well  known  that  dysenteiy,  and  especially  the  putrid 
dysentery,  may  spread  through  an  hospital  from  the  practice  of  the  same  m 
close  stool  or  latrines  l»emg  used.  As  long  ago  as  1807  fumigations  of  I 
chlorine  w^ere  used  by  ilojon,"*  to  destroy  the  emanations  from  the  stools,  I 
and  with  the  best  effects.  The  chh)rtne  was  diffused  in  the  air,  and  th^  m 
stools  were  not  disinfected  ;  hut  this  ought  to  be  done,  as  in  enteric  iexer^  I 
and  especiidly  in  tlie  slouglung  fonn.  I 

Diphtheria. — The  specific  poison  appears  to  reside  chiefly  in  the   false  I 

*  In  Df  Parkin'  eX|K'riioeats  oq  sewage  putrelaclion  {Arm}/  Med,  li^porls^  vol.  vtii.  p, 
31^),   ferrous  Hulphat^?   liad   very  liltle   action    in   preveatiii^  puiri^fiictifiti,  awl  the  C4»oi'    _ 
mitteo  of  the  BctHti  MetUciU  Society  declined  to  recommead  it  for  choleT«,  fts  they  louod  ■ 
it  did  not  preveut  fermt^ntative  action.  I 

^  yiiUk  liepi^H  of  tJw  Affffu-al  Officer  to  the  Privy  Cauncil.  ■ 

«  Amu  d'  Jlt/f/iin^,  Ahril  JSQU  '  1 

^  His  wor<l;i,  as  quoieri  by  ChevallieT,  are  interesiinji : — ''The  dr§entery  becftine  ootiUgioui   1 
in  tlie  hospital  at  Genoa  i  iilmo<tt  all  tbo  sick  iu  my  division,  nearly  2(X>,  were  att&cked  ;  tftd 
%A  "we  know  that  tbU  disease^  whtn  c:ont4s^ous,  ift  conirmmicated  ortliiiArily  frnm  mitt  : 
to  another  by  the  iil>uHe  wbicb  exiata  ia  all  hospitak  of  makiug  the  '  ':lmad 

lor  all  the  sick  of  a  war«l,  I  wished  to  aoe  if  fumigations  of  chlorine  had  t  f  dca 

ing  the^se  conta^^ious  exhalations.     I  tbcxtifor^  caused  fnmigation^  to  Ih>  >   didPiir  L. 

tha  latriaes,  aiid,  in  a  few  days,  I  whb  ablt  to  destroy  tliAt  tarrible  acourge  wbick  abtoady  o$d 
' » some  victims." 
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membrane,  and  in  the  discharges  from  the  mucous  membrane  of  the  mouth, 
throat,  and  adjacent  parts.  The  application  of  strong  caustics  to  the 
patches  of  exudation  has  been  recommended  as  a  curative  procedure,  as  well 
as  to  arrest  the  spread  of  the  disease.  Jenner  advocated  nitrate  of  silver, 
20  grains  to  the  drachm  of  water ;  or  equal  parts  of  hydrochloric  acid  and 
water.  Various  disinfectant  gargles,  and  the  insufflation  of  sulphur  and 
other  powders  have  also  been  recommended.  There  can  be  little  doubt  that 
it  is  a  correct  principle  in  the  treatment  to  attack  the  poison  in  the 
localities  where  it  is  chiefly  developed  by  one  or  other  of  these  disinfectants: 
at  the  same  time  all  discharges  from  the  mouth,  &c.,  should  be  disinfected 
as  soon  as  received  into  the  vessel,  either  with  mercuric  chloride  or  carbolic 
acid.  Roux  and  Yersin,^  who  are  satisfied  as  to  the  dependence  of  the  dis- 
ease on  a  specific  bacillus,  recommend  that  a  precise  diagnosis  should  be 
made  by  microscopic  examination  of  the  false  membranes,  confirmed  by  cul- 
tivation on  blood-serum,  and  that  this  should  be  done  as  early  as  possible,  as 
the  surest  means  of  preventing  the  spread  of  the  disease  consists  in  its  early 
recognition. 

Witli  respect  to  Erysipelas^  Syphilis,  Oonorrhoeaj  Glanders^  and  Farcy^ 
local  applications  are  evidently  required,  in  accordance  with  the  principles 
already  enunciated. ^ 

Cattle  Plague, — The  experiments  made  by  Mr  Crookes  on  the  disin- 
fectant treatment  of  cattle  plague  with  carbolic  acid  vapour  have  an  im- 
portant bearing  on  human  disease.  Although  the  observations  fall  short 
of  demonstration,  there  are  groimds  for  thinking  that  when  the  air  was 
kept  constantly  filled  with  carbolic  acid  vapour,  the  disease  did  not  spread. 
So  also  euchlorine  was  employed  in  Lancashire  by  Professor  Stone,  of  Man- 
chester, and  with  apparent  benefit.  Dr  Mofiiat  employed  ozone  (developed 
from  phosphorus  exposed  to  the  air),  and  he  believes  with  benefit.^  As  such 
experiments  are  very  much  more  easily  carried  out  on  the  diseases  of 
animals  than  on  those  of  men,  it  is  much  to  be  wished  that  the  precise 
effect  of  the  so-called  disinfectants  should  be  tested  by  continuing  the 
experiments  commenced  by  Mr  Crookes,  not  only  in  cattle  plague  in  the 
countries  where  it  prevails,  but  in  epizootic  diseases  generally. 

6.  Deodorisation  of  Sewage, 

A  very  great  number  of  substances  have  been  added  to  sewage  for  the 
purpose  of  preventing  decomposition  and  retaining  the  ammoniacal  com- 
pounds. 

1.  Charcoal,  which  soon,  however,  gets  clogged  and  loses  its  power;  it  is 
not  nearly  so  useful  when  used  in  this  way  as  in  the  purification  of  air. 
WTien  in  relatively  large  quantity  it  decomposes  the  ammonia  and  sets 
nitrogen  free,  and  so  diminishes  the  agricultural  value.  Patent  Porous 
Carbon,  a  substance  prepared  from  Devonshire  lignite,  clay,  and  iron,  is 
used  at  Southampton  to  the  extent  of  4  grains  per  gallon.  The  solid 
matter  is  deposited,  and  a  moderately  good  effluent  discharged.  Magnetic 
Spongy  Carbon,  now  called  Polariie,  has  been  used  at  Ealing  and  elsewhere, 
with  apparently  successful  results. 

1  Annales  de  VlrutittU  Pasteur,  Dec  1888,  and  June,  July  1889,  abstracted  in  B.M, J,, 
Sei>t.  27,  1890. 

3  Davaiuc  finds  iodine  most  powerful  in  destroying  the  infection  of  malignant  pustule, 
•TT^th  part  being  effectual.  It  may  be  injected  mto  the  skin  without  injury  {Comptes 
Hendus^  Sept  and  Oct.  1873).  See  also  Report  on  Hygiene,  Army  Med,  Reports,  vol.  ziv., 
in  which  its  use  in  snake  bite  is  suggested. 

s  Oil  Meteorology  in  rrference  to  JSpidemic  and  Sporadic  Cholera,  by  F.  Moffat,  M.D., 
Hawarden,  186a 
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2.  Dtp  Earthy  <ispeciallj  humus,  and  mai'ly  and  clayey  soils ;  tbe  emS 
is  similar  to  that  <jf  charcoal,  hut   it  m  not  so  soon  clogged.     Bird's  prd|| 
paration  is  ferruginous  clay,  moistened  with  sulphuric  acid,  and  then  dried 
and  pulverised. 

3.  QuickliTtie  is  sprinkled  over  the  solid  excreta,  or  quicklime  and  watM 
added  to  eewer  water,  till  a  deposit  occurs,  leaving  a  clear  fluid  abovM 
This  is  a  very  imperfect  method,  and  the  solid  deposit  has  little  or  no  TaltHjl 
as  a  manure.  M 

From  15  to  16  grains  of  quicklime  are  enough  for  1  gallon  of  sewage,  qI 
20  cwt.  per  million  gallons.  The  process  is  partially  employed  at  BlrtuiiiM 
ham  and  elsewhere.  iB 

4.  CMoride  of  Lime  is  most  powerful  as  a  deodorant  and  also  aa  a 
sterili&er,  especiaDy  iit  a  high  temperature ;  even  at  the  ordinary  tempera- 
ture of  60*^  F-  it  redu<*ed  the  colonies  of  Bacteria  hy  99*9  per  cent.  Cftloridt 
of  Soda  is  similar  in  action,  but  is  more  soluble  and  throws  down  no 
deposit.  Holmes*  Ozone  Fluid  is  simply  a  very  strong  solution  of  chloride 
of  smla. 

5.  Iron  Percklorkle.' — TMien  this  salt  is  added  to  sewage,  a  precipitate  of 
feme  oxide  is  caused  by  the  ammonium  carbonate  (which  forms  so  rapidlj^ 
in  sewage),  and  carries  with  it  all  the  suspended  matters  of  the  sewage.  Jfl 
clear  fluid  remains  above.  The  hydrogen  sulphide  falls  in  the  precipitatJ 
as  iron  sulphide.  As  the  snlphido  of  iron  tends  to  form  ferric  oxide,  aulphiM 
being  set  free,  it  has  been  conjectured  by  Hofmann  that  an  oxidising  effecfl 
from  the  oxide  may  follow  the  first  action.  Both  prccipitate  tind  supecfl 
natant  liquid  are  free  from  odour.  ■ 

This  substance  has  been  tried  at  Croydon  and  Coventry,  From  1 4  to  2fl 
grains  per  galL  tn  of  sewage  are  necessary  for  London  sewage ;  for  Croydo^l 
sewage  from  5  to  15  grains  were  necessary.  One  gallon  of  liquid  fiertrhloridel 
was  sufficient  for  15,000  gallons  of  sewage  (Hofmann  and  Frankland). 

Tbe  perchlorides  of  iron  cjm  be  manufactured  by  dissohdng  in  hydrtwhloric 
acid  peroxide  of  iron,  the  different  iron  ores,  refuse  oxide  of  iron  frooM 
sulphuric  acid  works,  iron  rust  in  foundries,  <fec.  Another  plan  is  to  tiikd 
equivalent  proportions  of  common  salt,  sulphuric  acid,  iron  rust,  and  wat^fiB 
so  that  chlorine,  when  disengaged,  shall  combine  with  the  iron.  A  han9 
yellowish,  not  very  deliquescent  sul^stance,  containing  26  per  cent,  of  p6f9 
chloride  of  iron^  is  formed,  which  can  he  transported  to  any  distance.  Thcl 
price,  if  made  in  tliis  way,  is  X2,  Vs.  i>er  ton  (cost  of  labour  not  incUldedjB 
in  Eiighmd.  1 

The  perchloride  acts  both  on  hydrogen  and  alkaline  sulphides,  in  bothH 
cases  setting  free  sulphur.     In  sewage  its  ordinary  action  is  on  ammonium 
sulphide,     Wynter  Blytli  found  16*4  per  cent  give  a  moderately  successful 
result,  but  it  seems  less  efficacious  than  ferrous  sulphate.  M 

Objections  have  been  made  ti?  the  perchloride,  as  it  contains  arsenic  ;  btxM 
the  amount  of  this  is  small,  and  as  it  falls  with  the  deposit  it  is  never  likely  ■ 
to  be  dangerous.  ■ 

6.  Zead  Nitrait^  or  LtdoyetCs  Fluul^  is  made  by  dissolving  1  lb  of  lithaige  ■ 
in  about  7  ounces  of  strong  nitric  acid  and  2  gallons  of  water ;  a  little  of  the  ■ 
water  is  mixed  with  the  litharge  ;  the  acid  is  gradually  added,  and  then  the 
rest  of  the  water.     This  quantity  will  deodorise  a  moderate-sized  ce^spooL 
It  acts  rapidly  on  hydrogen  sulphide,  and  can  he  depended  u^wn  for  this 
purpose.  ■ 

7.  Mercuric  Chloride  (corrosive  sublimate)  has  been  tried,  and  shown  byfl 
Wynter  Blytli  to  be  very  powerful  at  strengths  of  from  O'l  to  0*5  p^r  cent  1 
It  is  a  question  whether  its  use  on  a  large  scale  might  not  be  attejided  with  I 
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danf^er.     It  is,  however,  used  abroad  for  various  purposes,  and  in  Russia  for 
fliisliiuff  the  bilges  of  ships. 

8.  Zinc  Chiorid^. ^BumetVs  fluid  contains  25  grains  to  every  fluid 
di'iichju  ;  1  pint  is  added  to  a  gallL»n  of  water  (1  to  8).  It  is  usually  said  to 
decompose  hydrogen  sulphide  until  the  solution  beeomes  acid,  when  its 
action  ceases;  but  Hofmami  fbids  tliat  it  does  not  act  on  free  hydri>geii 
sidphide,  but  on  anmioniiuu  aulpliidc,  forming  zinc  sulphide  and  ammonium 
chloride.  It  destroys  ammoiiiacal  compounds  and  organic  matter*  The  sul- 
phates of  zinc  and  copper  decompose  free  hydrogen  sulphide,  with  foniiation 
of  metallic  sulphide  and  water,  Wynter  Blyth  found  zinc  chloride  very 
powerfid, 

Burnett's  fluid  delays  decomposition  in  sewage  for  some  time  ;  but  a  very 
jteculiar  odour  is  given  out,  showing  that  some  change  is  going  on.  A  gcKid 
eifeet  is  produced  on  hydrogen  sulphide  by  a  mixture  of  zinc  and  ferrous 
Bulphates  (LiinuvudeK'  mixture),  which  also  lessens  for  the  time  the  pei:uliar 
sewage  smell. 

9.  Fotagjtmm  permanganate  prevents  putrefaction  for  a  short  time,  and 
removes  the  odour  from  putrefying  sewage,  but  it  requires  to  be  used  in 
large  quantity.  In  a  strength  of  1  per  cent.  Wynter  Blyth  found  it  very 
powerful  at  ordinary  temperatures,  and  at  96"  F.  (35''*5  C.)  it  i>erfectly  steril- 
ised sewage.  Sodium  mangauate  has  been  tried^  with  and  without  lime,  the 
success  depending  upon  the  quantity  used. 

10.  Preparations  from  coal-tar;  carbolic  acid  (phenol  or  phenic  acid,  or 
plipnyi-akohoi  (C^^HflO)  ) ;  coal  tar  creasote,  and  cresylic  acid  (cresol  or 
cresyl-alcohol  (CyltgO)  ) ;  in  various  admixtures*^  These  substances  are  all 
excellent  sewf^e  deodorants  and  arresters  of  putrefaction. 

The  last  few  years  have  seen  an  extraordinary  development  in  the  manu- 
facture of  these  aubstiinces.  Phenol  or  carbolic  acid  is  now  obtained  in 
great  purity,  and  is  sold  in  crystals,  and  also  in  a  Hquid  form.  All  the  pre- 
parations may  bo  conveniently  classed  under  the  three  divisions  of  crystals, 
liquids,  and  po%vders. 

(a)  Cry$tai«. — Carbolic  acid,  more  or  less  pure,  is  the  only  substance  under 
this  head ;  it  is  so  slightly  soluble  in  watc^r  (only  in  the  proportion  of  5 
per  cent.)  that  it  is  not  so  useful  as  a  decnlorant  as  the  im purer  kind, 
Wlien  mixed  with  sewage  it  acts  slowly  and  not  so  perfectly  as  the  im  purer 
kinds.  When  exposed  to  the  air  it  liquifies,  and  is  slowly  given  out  into  the 
air,  and  is  then  supposed  to  be  useful  as  an  air-purifier. 

{h)  Liquids. — Carbohc  acid,  more  or  less  impure,  dissolved  in  water, 
simply,  or  with  a  little  alcohol  and  cresyhc  acid  (cresol),  forms  the  liquid 
carbolic  acids.  In  tlie  market  they  are  found  almost  colourless,  or  highly 
coloured.  The  various  h' quids  contain  from  10  to  90  per  cent,  of  phenoL 
Cresol  though  cr}*stalline  and  colourless  when  pure,  is  usually  found  in  the 
market  as  a  dark  liquid.  Some  of  it,  no  doubt,  exists  in  most  samples  of 
carbolic  acid.  Owing  probably  t«>  the  way  they  mix  at  once  with  the 
sewage,  the  lit|uid  acids  are  more  deodorant  than  the  crystallised  acid,  and 
restrain  jmtref action  for  a  long  time.  Carbolic  acid,  however,  does  not  act 
on  hydrogen  sulphide^  though  it  wiU  restrain  the  processes  which  pro- 
duce it. 

Various  coal-tar  preparations  are  sold,  such  as  Jeyei^  Perfed  Purifier  and 
LiiUe's  Abmlute  Pftmol, 

Samples  of  so-called  carbolic  acid  are  also  In  the  market^  which  are  only 

1  It  b  pftrhApii  iinfortunAte  tli&l  pHeaol  And  cnuiol,  which  ar«  mther  alcohols  than  Acids, 
nhotili!  have  Ihmju  i«nnefl  carhotic  aud  omylic  atoidn.  if  the  turms  phenol  and  cresol  could  be 
used  matoad  it  would  be  better. 
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impure  tar  oils,  and  almost  destitute  of  deodorLsmg  power.     Sometimee 
nauaeous  sulphur  compound  is  also  present. 

In  using  the  liquid  acid,  1  part  is  mixed  with  50  or  100  of  water, 
to  the  strength  oi  the  aciilj  and  thrown  down   drains  or  into   c« 
or  sprinkled  with  a  watering-can  over  dung-heajis. 

Mr  Crookes^  gives  the  following  rulea  in  order  to  determine  the  presenrMi 
of  the  tar  oiU: — 

**  Commercial  carholic  acid  is  soluble  in  from  20  to  70  parts  of  water, 
in  twice  its  bulk  of  a  solution  of  caustic  soda,  while  oil  of  tar  is 
insoluble,  hut  if  the  amount  of  carholic  acid  Ivp  increased,  some 
nndissolveti 

"To  apply  the  tests — L  Put  a  teaspoonful  of  the  carbolic  acid  in 
bottle,   pour   on  it  half  a  pint  of  warm   water,  and  shake  the   bottle 
intervals  for  half  an  hour,  when  the  amount  of  oily  residue  will  ishovr 
impurity  ;  or  dissolve  one  part  of  caustic  soda  in  10  parts  of  warm  wal 
and  shake  it  up  with  5  parts  of  the  carbolic  acid.     As  before,  the  rceidi 
will  show  the  amount  of  impurity. 

*' These  tests  will  show  whether  tar  oils  have  been  used  as  adulterantit, 
but  to  ascertain  whether  the  liquid  consists  of  a  mere  solution  of  carbolic 
acid  in  water  or  alkali,  or  whether  it  contains  sulpho-carbolic  or  solpho 
cresylic  acids,  another  test  muRt  ]^  used  based  on  the  solubility  of  these,  and 
the  insolubility  of  carbolic  acid»  in  a  small  quantity  of  water.  In  this  caaa 
pri>ceed  as  follows  : —  2.  Put  a  wineglass! ul  of  the  liquid  to  be  tested  in 
bottle,  and  pour  on  it  half  a  pint  of  warm  water.  If  the  greater  part 
solves,  it  is  an  adulterated  article.  Test  the  liquid  in  the  bottle  with  litm 
paper:  if  strongly  acid^  it  will  show  the  probable  presence  of  sulpho-actd^ ; 
whilst  if  alkaline,  it  will  show  that  caustic  soda  has  been  probably  used  tis  ii 
solvent." 

If  the  quantity  of  carliolic  acid  has  to  be  estimated  from  a  liquid,  it  mu^ 
he  distilled  at  a  given  temperature.  Carbolic  acid  boils  at  18V  C-  (  —  363* 
Fahr.).  cresol  at  203*  C  (397'^-4  Fahr.). 

(f)  PowderB, — The  two  principal  carbolic  acid  powders  are  M'Dougall's 
and  Calvert's,  but  there  are  several  others  in  tiie  market  known  under 
various  names. 

M  'Dougdll^s  and  Calvert's  powders  are  widely  different  in  coin  position. 

The  former  is  strongly  alkaline  from  lime,  and  makes  the  sewage  alkalinr* 

It  consists  of  about  33  per  cent  of  carbolate  of  lime  and  59  per  oenL  of 
sulphite  of  magnesia,  the  rest  being  water. 

Calvert's  powder  is  carbolic  acid,  about  20  to  30  per  cent  mixed  yn)h 
alumina  from  alum  works,  and  some  silica, 

Sharratt's  powder  is  said  to  conttiin  1 5  per  cent,  of  be«t  carbolic  add :  It 
also  contains  silica  and  alumina.  It  hag  a  powerful  effect  as  a  bactericide, 
tmd  its  action  generally  is  satisfactory. 

The  quantity  of  these  preparations  which  must  be  used  depends  on  th« 
degree  and  duration  of  deodorisation  wished  for.  For  tlie  daily  eolid 
excreta  (4  ounces)  of  an  adult  at  least  from  30  to  70  grains  of  the  cn-t  tl 
lised  acid,  60  divips  of  the  strong  liquid  (90  per  cent  of  acid),  or  a  J  omi'  • 
of  the  dilute  carlMjlic  acid,  sold  at  Is,  per  i>int  fire  necessary,  if  tlie  sewagv 
is  to  be  kept  in  ^m  unaltered  state  for  10  to  20  days,  but  a  smaller  amount 
is  sufficient  for  2  or  3  days.^  Dr  Saiisom,  who  does  not  rate  the  effect  of 
cnrbolic  acid  so  highly  as  a  deodonintj  also  finds  tliat  much  larger  quantities 

1  Thini  Iffjinrt — (\tttlf  PUttfit^  Ccnmnisxicm*    Ciu*1x)lic  ftcid  can  be  distiDgDiNlicv]   fironi 
<ire«uiot«  by  iU  aoI ability  in  glyeerino  (Motsoq). 
■  See  Dr  Parkett'  tixperiiuebb  m  tlio  Army  Medical  BqMrtmaU  Il€port,  voL  viii  |i.  Zl%, 
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must  be  used  than  is  usually  stated.^  Half  an  ounce  of  either  Calvert's  or 
M^Dougall's  powder  for  4  ounces  of  sewage  has  a  preservative  effect  for  18 
to  20  days ;  J  ounce  or  less  is  effectual  for  3  or  4  days,  but  if  the  stools 
contain  urine  much  more  is  necessary.^  Wynter  Blyth  found  phenol  and 
cresol  about  equal  in  power,  but  their  efficacy  was  greatly  enhanced  when 
mixed  with  caustic  lime. 

Smaller  quantities  can,  however,  be  used,  if  diminution  but  not  entire 
removal  of  smell  and  putrefaction  is  desired.  Quicklime  5  parts,  and  car- 
bolic acid  1  part,  make  a  good  deodorising  mixture.  If  hydrochloric  acid  is 
added,  and  then  water,  the  lime  is  deposited,  and  the  carbolic  acid  floats  on 
the  surface,  and  its  amount  can  be  determined. 

11.  Dr  F.  T.  Bond  (of  Gloucester)  introduced  some  years  ago  a  new 
deodorant  in  the  form  of  powder  and  liquid,  consisting  essentially  of 
metallic  salts,  alum,  and  terehene  (a  hydrocarbon  derived  from  turpentine 
by  treatment  with  sulphuric  acid).  Terebene  has  a  pleasant  odour,  and  so 
far  is  superior  to  carbolic  acid ;  its  deodorising  powers  are  very  considerable, 
and  Wynter  Blytli  found  that  in  a  20  per  cent,  solution  the  colonies  were 
reduced  to  a  minimum.  The  preparations  in  the  form  of  powder  are  various, 
the  chief  being  ferrcdum  and  ctipralum,  the  latter  being  most  frequently 
employed.  It  consists  of  copper  sulphate,  alimiinimi  sulphate,  a  little 
potassium  dichromate,  and  terebene.  It  is  a  very  powerful  deodorant, 
counteracting  ammonia  and  hydrogen  sulphide,  and  at  least  masking  fsBcal 
odour  as  much  as  carbolic  acid.  Some  objections  were  formerly  made  to  it 
on  account  of  a  tendency  to  deliquescence,  due  to  the  presence  of  sodium 
chloride.     This  has  now  been  remedied,  and  the  preparation  keeps  welL 

Tlie  substance  advertised  as  Sanitas  is  a  hydrocarbon  derived  from 
turpentine  acted  upon  by  steam.  It  has  the  advantage  of  being  easily 
niiscible  with  water,  but  it  is  not  very  powerful. 

The  following  preparations  and  compounds  have  been  used  at  different 
times ;  but  the  results  have  not  been  found  altogether  satisfactory. 

12.  Cheap  salts  of  alumina^  and  then  lime,  or  alum  sludge,  lime,  and 
waste  animal  charcoal  (Manning),  A,  B,  C  (Sillar's  process),  chloride  of 
ahiminum  (chlor-alum). 

The  alumina  precipitated  by  the  lime  forms  a  very  bulky  precipitate,  well 
suited  to  the  entanglement  of  suspended  matters.  The  clearance  of  the 
sewage  is  more  perfect  than  with  lune  alone,  but  otherwise  the  process  and 
the  objections  are  the  same,  and  the  cost  is  greater.  Tlie  whole  of  the 
phosplioric  acid  is  precipitated  as  aluminum  phosphate.  To  a  gallon  of 
sewage  water  there  should  be  added  73J  grains  of  aluminum  sulphate,  3J 
grains  of  sulphate  of  zinc,  73 J  grains  of  charcoal,  and  16J  grains  of  quick- 
lime. 

13.  Chlor-alum  is  a  weak  solution  of  chloride  of  aluminum;  it  is  not  a 
very  powerful  deodoriser,  and  must  be  used  in  large  quantity,  but  its  cheap- 
ness and  want  of  poisonous  properties  ^  are  recommendations,  and  when  in 
sufficient  amount  it  is  effectual.  It  is  efficacious  against  ammonia,  but  not 
against  hydrogen  sulphide ;  it  acts  moderately  against  fsecal  odour. 

1  Op.  cit,  p.  203. 

••'  Dr  John  Day  (of  Geelong)  publUhed  a  paper  in  the  Australian  Medical  Journal  (June 
1874),  on  the  comparative  viuue  as  disinfectants  of  carbolic  acid  and  mineral  oils,  such  as 
gasolene  and  kerosene.  He  prefers  gasolene,  and  finds  it  may  be  used  for  papered  walls,  fur- 
niture, clothing,  and  flooring.  It  roust  be  used  with  caution  near  lights,  as  it  is  very  inflam- 
mable. Dr  Day  attributes  its  action  to  its  strong  oxidising  properties  ;  paper  brushed  over 
with  it  gave  the  reaction  of  peroxide  of  hydrogen  after  more  than  a  year. 

>  In  some  samples  a  considerable  amount  of  lead  was  at  one  time  found,  but  by  improved 
manufacture  this  (it  is  said)  has  since  been  remedied. 
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1 4,  Hanson's  process  consists  in  tlio  use  of  slaked  limo  and    oBSf^Br 
refuse,  or  the  soda  and  tank  waste  from  the  alkali  works,  mixed  'with  eiil- 
phuric  acid, 

15,  The  Suvei'n  Deodorant. — Tlie  water  flowing  from  sugar  factories  has 
long  been  a  .source  of  annoyanee  and  ill-heiilth ;  it  contains  quantities  of 
vegetable  orgaiiisnis  (OscUlaria  alba  or  B€ggmtoa\  which  act  like  fermenH 
and  rapidly  decompose  the  sulphates  in  the  water,  and  liberate  hydrogen 
sidphide.  Herr  Siivern,  to  remedy  tliia,  pro]xised  a  preparation  of  coal-tar 
thus  prejiared  :  ^ — A  hm^hel  and  a  half  of  gootl  quicklime  are  put  in  a  cask 
and  slaked;  it  is  well  stirred,  and  10  lb  of  coal-tar  are  thoroughly  mix*>i 
with  it,  80  that  the  coal-tar  may  be  thoroughly  divided.  Fifteen  pounds  of 
magnesium  chloride  dissolved  in  hot  water  are  then  thorougkly  mixed  with 
the  mass,  and  then  additiontd  hot  water  is  added,  enough  to  make  a  mass 
of  just  sufficient  liquidity  t-o  drop  slowly  from  a  stick  inserted  in  it  and  then 
pulled  out.  The  magnesium  chloride  forms  deliquescent  calcium  ehloridtiv 
magnesia  being  libemted,  and  it  is  found  that  this  prevents  the  caking  of 
the  deodonmt  and  the  adherence  to  pipes.  This  deotlorant  has  come  inti> 
considerable  use  for  ccssptiols,  tlrains,  &c»  The  Miiller-Schurr  deodor 
has  been  already  noticed, 

1 6,  BiUar^s  prejiaration  (A,  B,  C  dewlorant)  is  a  mixture  of  alum,  Mc 
clay,  and  animal  charcoah     Under  the  name  of  native  guano,  the  resultin 
product  seems  to  be  of  value. 

17,  MagntMUin  Suite rphospliMt  and  Lime-Water  (Blyth*s  patent). — ^1 
method  has  been  practically  found  to  be  useless,  and  to  he  more  costly  tlia 
any  other  plan. 

18,  F.  //«//<**  uses  a  mixture  of  lime,  tar,  and  salts  of  magnesiuin  for 
defaecating  and  derKlorising  the  sewage.  The  effluent  water  is  then  passed 
through  artiticinl  filters,  or  used  for  irrigation  jjurposes.  This  plan  has  been 
well  spoken  of  by  Major  Flower  and  others, 

19,  Lnedtr  and  Letdloff's  Powder  consists  (according  to  Leuchten> 
analysis)  of  ferric  sulphate,  36  per  cent. ;  ferrous  sulphate,  16  ;  freesulphv 
acid,  4 ;  calcium  sulphate  and  other  substances,  44.     It  has  been  high^ 
commended,  but,  from  experiments  made  at  Netley,  it  does  not  seem  ve 
powerful. 

20,  Zinc  Sulphate. — This  forms  part  of  the  Univeraid  Disinfecting  Powderl 
(Langs ton-Jones'  patent),  along  with  Cooper's  salts,  viz.,  c^ilcium  and  sodiuB 
chloridea     This  powder  has  the  advantage  of  being  inoflorous,  hut  it  is  no 
a  strong  deodorant.     It,  however,  gets  rid  of  f cecal  odour  to  some  axteii| 
and  is  eiiicacious  against  H^8. 

General  Conclnsum.- — It  must  be  remembered  that  deodorisaUon  is  onlj^ 
possible  within  certain  limits,  and  that  in  a  nundjer  of  cases  only  partia 
results  can  he  obtained,  unless  very  largo  quantities*  of  the  deodorant 
usetl.     The  most  eftectual  appear  to  be  the  terel>ene  preparations, 

1  Trautrijau*  iHc  ^ers^ttungsgajie^  1869,  p.  35. 

1  Sy?tem— F.  Hille,  Setoage  Disif\feciing  and  Filtration  Process,  2nd  edition,  187<L 

3  JUiftlyais  (de  Chatmioiit) —        Wikter,  . 7*i0 

Cftlciam  and  sodium  cblorides,     .        .        .73*20 

Zinc  sulDhAte, 14-26 

InRolabfer 5*20 

Total, 100-06 

To  later  Ram  plea  some  calciuai  liorat*  was  addeti 
*  In  exT  "'  ^K  ftt  Netlt-y  with  the  vury  offensive  inAifdon  of  linseed,  it  wa«  fotmd 

nlmost  M*  get  rid  of  odour  withuut  using  very  large  qnantitiee  of  the  deodoruti. 

For  tui  ijutioii  on  the  subject  of  s^ewftge  deorlorant?,  see  the  MipcrU  qf  tke  Btfti 

CommusiOH  Oil  AlrtropoUfan  *Setmf/e  hii^clmnjCy  j>.iTticukTly  vol.  ii.    See  also  TtttAwitmi  wirf 
VUHmtion  qf  Sewage,  by  Professor  W.  H.  Corield  and  Dr'L.  Parkci,  3rd  edlUoQ,  1887. 
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cially  the  cupralmn,  and  carbolic  acid  and  its  preparations.  Of  these  the 
cupralum  has  the  advantage  of  destroying  hydrogen  sulphide  and  neutralis- 
ing ammonia,  which  are  only  masked  by  the  others.  Chloride  of  lime  and 
chloride  of  soda  are  also  powerful,  but  have  themselves  a  sickly  odour,  very 
disagreeable  to  many  persons.  The  Siivem  deodorant  is  probably  the  next 
best,  and  after  that  the  ferric  chloride  (FeClj). 


CHAPTER  XVIII. 

ON  THE  PREVENTION  OF  SOME  IMPORTANT 
AND  COMMON  DISEASES. 

There  are  two  modes  by  which  we  may  attempt  to  prevent  the  occurrence 
of  disease. 

1.  By  conforming  with  the  general  rules  of  hygiene,  by  which  the  body 
and  mind  are  brought  into  a  state  of  more  vigorous  health.  The  import- 
ance of  this  as  providing  a  means  of  resisting  disease  has  not  always  been 
sufficiently  recognised.  But  there  seems  little  doubt  that  in  many  epidemics 
this  has  been  quite  as  important  a  factor  as  the  introduction  of  disease 
poison  itself.^ 

2.  By  investigating  and  removing  the  causes  of  the  diseases  which  we  find 
actually  in  operation.  This  part  of  the  inquiry  is  in  fact  necessary  supple- 
ment to  the  other,  though  in  proportion  to  the  observance  of  the  general 
rules  of  hygiene,  the  causes  of  disease  will  be  gradually  removed.  At  pre- 
sent, however,  we  have  to  deal  with  the  facts  before  us,  viz.,  that  there 
are  a  great  number  of  diseases  actually  existent  which  must  form  the  sub- 
ject of  investigation.  "We  proceed  in  this  case  from  the  particular  to  the 
general,  whcnnis,  in  the  first  mode,  we  deduce  general  ndes  which  have  to 
be  applied  to  individual  instances. 

Hygiene  is  in  this  direction  an  application  of  etiology,  and  etiology  is  the 
philosophy  of  medicine ;  while  in  its  turn  the  very  foundation  and  Ix'isis  o( 
etiology  is  an  accurate  diagnosis  of  disease.  Unless  diseases  are  completely 
identified,  all  inquiry  into  causes  is  hopeless.  Let  us  remember,  for  example, 
what  utter  confusion  prevailed  in  our  opinions  as  to  causes  and  preventive 
measures  at  the  time  when  typhus  and  enteric  fevers  were  considered  iden- 
tical, or  when  paroxysmal  fever  and  the  true  yellow  fever  or  vomito  were 
thought  to  own  a  common  cause.  Any  useful  rules  of  prevention  were 
simply  impossible — as  impossible  as  at  present  in  many  of  the  diseases  of 
nutrition,  which,  in  the  proper  sense  of  the  word,  are  yet  undiagnosed. 

The  advance  of  diagnosis  has  of  late  years  been  owing  not  merely  to  im- 
proved methods  of  observation,  but  to  the  more  complete  recognition  of  the 
great  principle  of  the  invariableness  of  causation.  The  sequence  of  pheno- 
mena in  the  diseased  body  proceeds  with  the  same  regularity  and  constancy 
as  in  astronomy  or  chemistry.  Like  causes  always  produce  like  effects.  To 
suppose  that  from  the  same  cause  should  proceed  a  sequence  of  phenomena 
so  utterly  distinct  as  those  of  typhus  and  enteric  fever,  now  seems  incredible ; 
yet  with  a  full,  or  at  any  rate  a  sufficient  knowledge  of  the  phenomena,  it 
was  at  one  time  almost  universally  believed  that  these  two  perfectly  distinct 
diseases  owned  a  common  origin.  At  the  present  moment,  the  superficial 
resemblance  between  gout  and  rheumatism  causes  them  to  be  put  together 

1  See  Creighton's  Unconscious  Memory  in  DiseasCj  London,  Lewis,  1886l 
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in  almost  all  systems  of  nosology,  although,  with  the  exception  of  the  joints 
being  affected,  the  diseases  have  almost  nothing  in  common. 

In  proportion  as  this  great  principle  is  still  more  constantly  applied,  and  as 
our  means  of  diagnosis  advance,  and  consequently,  causes  are  more  satis- 
factorily investigated,  methods  of  prevention  will  become  obvious  and  pre- 
cise. At  present  they  are  very  far  from  being  so.  In  many  cases  they  are 
founded  on  very  imperfect  observation ;  and  very  frequently  all  that  can  be 
done  is  to  apply  general  sanitary  rules,  without  attempting  to  determine 
what  are  the  special  preventive  measures  which  each  disease  requires. 

It  is  not  necessary,  however,  that  we  should  wait  until  the  causation  of 
any  disease  is  perfectly  understood.  We  must  act,  as  in  so  many  other 
affairs,  on  probability ;  and  endeavour  to  remove  those  conditions  which,  in 
the  present  state  of  our  knowledge,  seem  to  be  the  most  likely  causes  of  the 
disease.  It  may  be  that,  in  some  cases,  we  may  be  attacking  only  subsidiary 
or  minor  causes,  and  may  overlook  others  equally  or  more  important.  In 
some  cases,  indeed,  we  may  overlook  entirely  the  effective  causes,  and  may 
be  fighting  with  shadows.  Still,  even  from  mistakes  progress  often  arises, — 
indeed,  the  difficult  path  of  himian  knowledge  is  perhaps  always  through 
error. 

The  term  cause  is  applied  by  logicians  to  any  antecedent  which  has  a  share 
in  producing  a  certain  sequence ;  and  it  is  well  known  that  in  many  diseases 
two  sets  of  causes  are  in  operation — one  external  and  one  internal  to  the 
body  (exciting  and  predisposing).  The  investigation  of  the  internal  causes, 
which  in  some  cases  are  necessary  to  the  action  of  the  external  causes,  is 
equally  curious  and  intricate  as  that  of  the  external  causes,  and  in  some 
respects  it  is  even  more  obscure ;  but  measures  of  prevention  must  deal  with 
them  as  well  as  ^^'ith  the  external  causes. 

In  this  chapter  we  can,  of  course,  only  venture  to  enumerate  very  briefly, 
and  without  discussion,  what  seem  to  be  the  best  rules  for  the  prevention  of 
disease. 

SECTION  I. 

THE  SPECIFIC  DISEASES. 

Paroxysmal  Fevers,^ 

External  Cause, — This  was  presumed  to  be  putrescent,  or,  at  any  rate, 
decomposing  vegetable  matter  derived  from  a  moist  and  putrescent  soil, 
which  was  carried  into  the  body  by  the  medium  of  water  or  of  air.  Klebs 
and  Tommasi-Crudeli  attribute  it  to  a  low  organism  of  the  nature  of 
Bacillus,  to  which  they  have  given  the  name  Bacillus  nudaricE,  propagated 
in  the  presence  of  decaying  vegetable  matter.  This  view,  however,  has  not 
been  corroborated.  Laveran^  has  described  in  detail  the  appearances  of 
certain  organisms  that  he  believes  to  be  the  cause  of  malaria :  there  are  three 
forms,  spheres,  spheres  with  flagella,  and  crescent-shaped  bodies.  He  con- 
eiders  these  bodies  to  belong  to  the  animal  rather  than  to  the  vegetable 
kingdom  (hflematozoaires).  The  French  Academy  of  Sciences  ^  have  adopted 
Laveran's  views,  stating  that  "the  discovery  constitutes  by  itself  all  the 
patholog}'  of  intermittent  fever." 

If  the  ingestion  is  by  water,  a  fresh  source  must  be  obtained.  Well  water 
is  generally  safe,  but  not  always.     Rain  water  may  be  unsafe,  if  the  tanks 

1  See  Mr  North's  Lectures,  Brit.  Med,  Journal,  1887. 
3  Traits  des  Fiivres  Palustres.  1884. 
s  Comptes  Itendut,  1889,  ii.  1061. 
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are  not  clean,*  If  a  fresh  source  caimot  be  obtainetl,  boiling,  filtratioiv  *oJ 
alum,  as  well  as  infusion  ^vith  tea  or  coffee,  appear  to  be  the  best  preveativo 
measurt;s/'^ 

If  the  introduction  be  by  air,  and  if  the  locality  cannot  be  left,  th©  most 
approved  plan  is  elevation  to  at  legist  500  feet  above  tke  source  of  the  poimm 
in  terapemte  clkoates ;  and  1000  to  1500  feet  in  the  tropics,  or  higher  still, 
if  possible.^  If  this  plan  cannot  be  adopted,  two  points  must  be  aimed  at — 
viz.,  to  obviate  local,  and  to  avoid  drifting  malaria.  Thorough  subsoil 
dminiiig  ;  tilling  up  moist  groimd  when  practicable  ;  paving  or  covering  the 
ground  with  lierbage  kept  closely  cut^  are  the  beat  plans  for  the  first  point 
For  the  second,  belts  of  trees,  even  walls  can  be  int-erposed  ;  or  houses  *'^^ 
bo  so  built  us  not  to  present  openings  towards  the  aide  of  the  malaiioafl 
currents. 

The  houses  themselves  should  be  raised  above  the  ground  on  arches  ;  0E| 
if  wooden,  on  piles.  Upper  floors  only  should  be  occupied.  The  early 
mornuig  uir,  for  three  hours  after  sunrise,  should  be  avoided,  and,  next  to 
thid,  night  air. 

Intenml  Games. — The  conformation^  or  structural  condition,  which  per- 
mits the  external  canse  to  act,  is  evidently  not  equal  in  dilferent  individual^ 
or  in  different  races ;  but  we  are  quite  ignorant  of  its  nature.  It  is  not 
removed  by  attacks  of  the  disease ;  but,  on  the  contrary,  after  repeated 
attacks  of  ague,  a  peculiar  condition  is  produced,  in  which  the  disease  can 
be  brought  on  by  causes,  such  as  cold  or  dietetic  errors,  which  could  never 
have  (taused  it  in  the  tirst  instance*  The  Lntornal  predisposition  is  greatly 
heightened  by  poor  feeding,  onEemia,  and  probably  by  scur\'y. 

To  remove  the  internal  causes  our  only  means  at  present  are  the  adminid* 
tratioii  of  antiijcriodics,  ewijccially  quinine,  or  arsenic,  and  goo<i  and  gonerouft 
living,  with  iron  medicines.  The  use  of  flannel  next  the  skin,  and  of  warm 
clotliing  generally  ;  warm  colTee,  and  a  good  me^il  before  the  time  of  expostnw 
to  the  malaria,  and  perhai>s  moderate  smoking,  when  marching  tlirough 
malarious  countries,  iiire  the  other  chief  measures.  Wine  in  moderation  is 
pirt  of  a  generous  diet ;  l>iit  spirits  are  useless,  and  probably  hurtful,  unless 
given  considerably  diluted. 

Yellow  Fever, 

External  Cmnfe. — During  late  years  the  progress  of  inquiry  has  entirely 
disconnected  true  yellow  fever  from  malaria,  though  yellowness  of  the  skm 
is  a  symptom  of  some  malarioias  fevers.  Yellow  fever  is  a  disease  of  cities, 
and  of  pirts  of  cities,  being  often  singularly  localised,  like  cholera.  In  the 
West  Indies  it  ha^  repeatedly  attacked  a  barrack  (at  Bermuda,  Trinidad, 
Barbadoes,  Jamaica),  while  no  other  place  in  the  whole  island  was  atiected. 
In  the  same  way  (at  Lisbon,  Cadiz,  and  many  other  places)  it  has  attacked 
only  one  section  of  a  town,  and  occasionally,  like  cholera,  only  one  side  of  a 
street.  In  the  West  Indies  it  has  repeatedly  commenced  in  the  same  part 
of  a  barrack.  In  all  these  points,  and  in  its  frequent  CMZCurrence  in  non- 
malarious  places,  in  the  €*xemption  of  highly  malarious  places,  in  its  want 

1  For  iiLstance  of  proi^agfttioii  by  sOH^alled  rain-w«ter^  tiee  caseK  at  Tilbury  Fort,  noted  it 
page  65. 

^  Dr  Blanc  atid  Mr  Frideftux  preserved  themselves  from  intennitttiiit  fever,  in  a  m«rcih  hk 
AbyH^liiia,  by  alwavK  using  water  in  the  form  of  tea  or  coff««, 

*  It  nuLst  be  nti<lersti"Kir!  that  these  heights  are  aftmimed  to  be  aifore  a  niarsh.     Th.      -  " 
not  !;ecuTe  from  iimlaria  froiii  mai^^he^^  if  situated  at  that  or  a  much  greater  h«i^ 
jujirsh  at  Enoronm  is  60O0  feet  above  sea4cvel ;  one  at  Puebla,  in  New  Mexico,  b  &i)»K^ 
both  cansti  fevors. 

^  S*5c  Crcightoii,  ap.  at 


^^HP       PAROXYSMAL  FEVER — YELLOW  FEVER.  463 

of  relation  to  moisture  in  the  atmosphere,  and  its  as  evident  connection  with 
putrefy  big  fsecal  and  other  animal  matters,  its  cause  diiTers  entirely  from 
malaria.*  According  to  Hirsch,  the  highest  point  yellow  fever  has  hitherto 
attained  ia  at  Newcastle,  Jamaica  (4200  feet).  In  North  America  the  limit 
of  altitude  seems  to  be  700  feet ;  in  Cnba  and  the  Antilles,  about  the  same, 
with  rare  exceptions ;  but  in  Blcxico,  on  t^e  east  coaat,  as  at  Cordova,  the 
limit  is  near  3000  feet  In  Brazil,  and  in  Spain  (Madrid),  epidemics  have 
occurred  at  2000  feet,  though  this  is  quite  exceptional.  At  Petropolis 
(3500  feet)  which  is  only  3  miles  from  Rio  de  Janeiro,  with  constant 
communication,  there  has  never  been  an  epidemic. 

If  these  points  were  not  guthcient,  the  fact  that  the  agent  or  poison  which 
causes  yellow  fever  is  portable,  can  be  carried  and  introduced  amoug  a  com- 
munity,^ and  is  increased  in  the  bodies  of  those  whom  it  attacks,  indiciites 
that  the  two  agencies  of  yellow  fever  and  paroxysmal  fevers  arc  entirely 
distinct,* 

That  great  piint  being  considered  settled,  the  inquiry  into  the  conditions 
of  the  spread  of  yellow  fever  becomes  easier.  The  points  to  seize  are  its 
frequent  and  regular  localisation  and  its  transportation.  The  localisation  at 
once  disconnects  it  from  any  general  atmospheric  wave  of  poison ;  it  is  no 
doubt  greatly  influenced  by  temperature,  and  only  occurs  as  an  epidemic 
when  the  tempcniture  is  above  SS'*  F;ihn  (20"  C).  Hirsch  points  out  that 
the  ajJi^earance  of  the  disease  is  intimately  connected  with  the  amoiiiit  of 
moisture  in  the  air,  heat  and  excessive  humidity  being  two  chief  fact<.irs  in 
the  prmluction  of  an  ej»idemic.  Though  it  will  continue  to  spreiid  in  a 
colder  air  than  was  formerly  supposed,  it  does  not  sj^read  rapidly,  and 
appears  to  die  out;  but  even  temperature  does  not  cause  it  to  become 
general  in  a  place. 

The  localising  causes  are  evidently  (cases  of  Lisbon,  Giljraltar,  West  Indies, 
&c,)  coimcctcd  with  accumulation  of  excreta  round  dwellings,  and  overcrowd* 
ing.  Of  the  former  there  are  abundant  instances,  and  it  is  now  coming  out 
more  and  more  clearly  that,  to  use  a  convenient  phrase,  yellow  fever,  like 
cholera  and  typhoid  fever,  is  a  fsecal  disease.  And  here  we  find  the  explana- 
tion of  its  localisation  in  the  West  Indian  barracks  in  the  olden  time.  Round 
every  barrack  there  were  cesspits,  often  open  to  sim  and  air.  Every  evacua- 
tion of  healthy  and  sick  men  was  thrown  into  perhaps  the  same  places. 
Grant  that  yellow  fever  was  somehow  or  other  intr^iduced,  and  let  us 
assume  (what  is  highly  probable)  that  the  vomited  and  feecal  matters  spreiid 
the  disease,  and  it  is  evident  why,  in  St  James'  Barrarks  at  Trinfdad,  or  St 
Ann's  Barracks  at  Barlxidoes,  men  were  dying  by  dozens,  while  at  a  little 
distance  tliero  was  no  disease.     The  prevalcnee  on  Ijourd  ship  is  as  easily 

i  Tlit?  yjt^Uf  f  ID  the  nmlarious  orif^in  of  ytdlow  f*iv«r,  so  long  and  U*iincious1y  held  by  timuy 
AiHKrieuu  j>hysicmns,  seuius  to  be  i!ilminiou<;d» 

«  Cn'ivH  of  thtt  BatiQ,  Et'Iiiir,  learuii,  and  scvuml  others.  The  remiLrkablti  iutrodnciiou  of 
yellow  I'uvcr  from  Havauufth  into  St  NaziLin:\  in  Fninee  (ue«r  Brest),  U  most  striking,  and 
CAUUot  iHi  tJKpbiinwl  away.  It  spreiitl  both  froiu  the  uliip,  and,  in  one  iustauct:,  from  )>«;rboriA. 
(Sec  Aitkon'*  Mfdkiin:^  7th  wlit,,  1S80  ;  and  Re|>ort  on  Hygiene  for  !H62,  in  the  A  rmy  Metiiml 
Itepart,  hy  Dt  FTXTkts.)    The  introd action  into  Kio  in  1849,  anii  t    Vi<leo,  arc  still 

tuorc  striking  cfta«»  of  lmi*ortAtion ;  and  a  tA^e  very  r»iniilar  to  ;  NjijOiire  occurrvii 

homo  y«Mir8  ago  at  SwatiH«a.   {Svt  H^rimri  (hy  Dr  Bnchanau)  to  Uic  j; .  ^-^k^  yyf  Uui  Privy 

Council,  18M) 

3  Aft  more  care  is  t&kan,  the  »>'iuptoinii  of  the  two  dijevtca  alao  are  fouad  to  be  diagnoAtic, 
if  it  worv  not  for  the  conAtaut  m*  of  the  imha[ipy  lenu  "  remittent,'*  the  eonfuaioti 

.  M  not  have  so  long  prevailed. 

An  intcrfHtiiig  iiiatance  of  gotxl  diagiiOHb  was  itiiKle  by  the  French  at  V«ra  Cruz  In  IStJL  In 
thti  ttjiring  the  vonuto  prevailed.  an<t  thvu  diHA}>|ieared«  Some  luouUis  atterwnnh,  crAi«s  of  » 
dt««aMe  of-ciirre*!  so  like  yellow  fever  that  they  were  at  first  t^kcu  to  Vw  that  disease,  but  on  a 
etoBvr  examination  they  wenj  fonml  to  Imj  clearly  piiroryMual,  abd  to  yield  to  qiiiiiiue.-  /Ten 
tk  Mim.  ik  Mid,  MilU,,  1S63. 
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explained,  Clraoteil  that  yi^low  fever  is  once  imported  into  the  ship,  then 
the  conditions  of  sprentl  are  probably  as  favourable  as  in  thi*  most  crowded 
city  ;  planks  and  cots  get  impregnated  with  the  discliarges,  whicli  Diay  even 
find  their  way  into  the  hold  and  bilge.  No  one  who  knows  how  difficult  it 
ia  Ui  help  such  impregnation  in  the  best  hospitals  on  shore,  and  who  remem- 
bers the  imperfect  iirrangements  on  board  ship  for  sickness,  will  doubt  this* 
Then,  in  many  ships,  indeed  in  idtiiost  all,  in  unequal  degrees,  ventilation  is 
most  imperfect,  and  the  air  is  never  cleansed. 

Overt:^rowding,  and  what  is  equivalent,  defective  ventilation,  is  another 
great  auxiliary  ;  and  Bonc^  relates  several  striking  instances. - 

The  (juestion  of  the  oiigin  of  yellow  fever  is  one  which  cannot  be  con- 
sidered in  this  volume,  and  at  prewent  no  preventive  rules  of  importance  r-ftn 
be  drawn  from  the  diseussion.  Audonanrs  view,  however,  may  be  citefl  as 
having  much  to  commend  it,  viz.,  that  it  is  due  to  the  dysenteric  evacua- 
tions of  slaves  in  the  slave- trade  times.  The  known  immunity  of  the  black 
races  to  the  disease  seems  to  corroborate  this. 

Domingos  Freire  of  Rio  de  Janeiro  projiouiided  a  niicrobian  theory  of  the 
origin  of  yellow  fever  in  1880  :^  he  claimed  to  have  discovered  the  patfao 
genie  organ  ism  J  which  he  named  Or^f/ptococcus  JCfrntlio^enicits.  His  researches 
have  not  Ix^en  crm firmed  by  other  observers,  who  have  however,  discovered 
other  organisms  in  connection  with  tlie  disease.  The  statistics  of  Fi»ire'« 
inoculations  with  attenuated  virus  appear  t<>  be  very  favourable  ;  and  the 
section  of  public  niediciiie  at  the  Ninth  International  Medical  Congress  held 
at  Washington  in  1887,  passed  a  resohiLion  thtit  the  fact*^  observed  afford 
reasonable  assumnce  of  protection,  and  urged  thorough  investigation  ioto 
the  subject. '*  Dr  Sternberg,  of  the  11,8.  Army,  was  directed  to  study  and 
reitort  nyx^n  the  whole  matter  ;  he  found  many  micrrwrirganisms  to  be  present 
in  the  liv«*r,  intestines,  il^c,  of  persons  dying  from  the  tlisease  ;  but  he  did 
not  find  Freire's  ciypto coccus  in  any  cxise,  and  Gibier^s  liquefying  baeillnn 
only  in  one-tJiird  of  the  C4ises.^  Up  to  the  present  time,  thei-efore,  the  bue- 
terial  origin  of  3'ellow  lever  is  in  no  way  established.  At  the  same  time  it 
must  be  admitted  tliat  Freire's  inoculation  statistics  are  very  remarkahic, 
Fmm  1883  to  1889  he  had  *' vaccinated  "  10,524  persons,  with  a  mortality  of 
*4  pcT  cent. ;  whereas  the  number  of  deatlia  amongst  the  non- vaccinated  was 
over  650a« 

The  chief  preventive  measures  for  the  external  cause  are  these : — 

1.  The  portability  iKnng  proved,  the  greatest  caro  should  be  taken  to  pre- 
vent introduction,  either  by  sick  men  or  by  men  who  have  left  an  iuftH!ted 
shijn  The  ca^e  of  the  "i\jine  ilarie""  has  made  it  quite  uncertain  what 
periml  of  time  should  have  olai>sed  before  an  infected  ship  can  be  considej*ed 
safe ;  in  fact^  it  probably  cannot  be  safe  until  the  cargo  has  l>t»en  disclmrgwl 
and  the  ship  thoroughly  cleansed.  Still,  it  appears  that  if  men  leaving  on 
affected  place  or  ship  pass  in  places  well  ventilated  and  m  fair  8.<uiitArir 
condition,  they  seldom  carry  the  disease;  m  other  words,  the  disease  ii 
seldom  portiible  by  men,  but  it  vnll  occur.  It  ajqmars  necessary,  also,  to 
consider  that  tlie  incubative  period  is  longer  than  usually  supp<:ksed,  pre** 
bably  often  fourteen  or  sixteen  days.     In  the  case  of  a  sliip,  it  seems  de4^^ 


I  YeUf*%o  Fever  J  by  G.  P.  Boae,  AKnUt-Sur^.  to  the  Foro^. 
*  For  example,  iu  the  Mme  bftmw^k,  the  wiiu 


'  windward  rooms  hAve  been  qnite  bealUiy^  niirt  Uh« 

le<5WaM  nxmiK  attacked     At  en  in  tLe  Uttur  have  c«4i*ied  to  have  c<Wi"«  of  the  dls«M  mbm 
moved  to  the  foniieir  loculity.    (See  a  >?ootl  ai«*'i  in  Bone,  op.  cit,^  p.  13.) 

'  lietherchfji  Sur  la  caHjKH,  .f        '    '     "'  tjin^,  Rio,  1880. 

^  Tranmdktns  IXth  Int^r,  ( 'tm^rejigj  vol.  iv.  p.  490. 

*  Joih^aI  Amrnean  Mtdhy       1  \ov.  JJO,  1889. 

«  VftnpUn  Hen^fuA^  Aattlnnk  dt:^  S-aetiLJii-it  vol*  cix.  p.  715,  1885, 

T  See  Aitkcn'»  Medkirft,  aud  Rtport  on  Hygiene  iu  the  Army  Medical  Rfptyrt  for  IMl 
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able  not  to  consider  danger  over  until  at  least  twenty  days  have  elapsed 
since  the  cure  or  death  of  the  last  case,  and  even  at  that  time  to  thoroughly 
fiuiijgiite  tlie  ship  with  clilorine  and  nitrous  acid  hefore  the  cargo  is  touched. 
Men  working  on  banrd  such  a  ship  should  wurk  by  relays,  so  as  not  to 
be  more  than  an  hour  at  a  time  in  the  holdJ 

Men  sick  '\\'ith  yellow  fever  should  if  possible  be  treated  in  tents,  but  if 
they  must  be  received  into  a  barrack  or  hospital,  they  should  ha  isolated, 
placed  in  the  best* ventilated  rooms  at  the  top  of  the  house,  if  possible,  or, 
better  still,  in  separate  houses,  mid  all  discharges  carefully  dkinfocted,  and 
separately  disposed  of,  and  not  allowed  to  pasfs  into  any  closet  or  latrine. 
Tlie  Ix^st  plan  would  l>e  to  burn  them,  if  tliis  can  be  etfected. 

2,  The  intr^xluctiou  1>3^  driuking  water  nut  being  disproved,  care  should  be 
taken  that  the  possiluHty  of  this  mode  of  intrixluction  be  not  overlooked. 
The  provision  of  pure  diiiiking  water  is  also  a  part  of  general  lij-'giene. 

3.  Perfect  sewerage  and  ventOation  of  any  station  woidd  probably  in 
great  measiire  preserve  from  yellow  fever,^  but^  in  addition,  in  the  yellow 
fever  zoue^  elevation  is  said  to  have  a  very  great  eilect,  though  the  con- 
fusion between  malarious  fevers  and  the  vomito  renders  the  evidence  on 
this  jHjmt  le^  certain,  and  its  introduction  into  Newcastle,  in  Jamaica  (-1200 
feet),  and  its  freqtient  occurrence  at  Xalajm  (4330  feet),  as  well  as  it^  pro 
valence  on  high  points  of  the  Andes  (9000  feet)  (A.  8mith),  show  that  the 
effect  of  mere  elevation  baa  been  overrated.  Stilly  as  a  matter  of  precau- 
tion, stations  in  all  yellow  fever  districts  should  be  on  elevations  above 
2000,  and  if  possible  3000  feet. 

4.  If  an  outbreak  of  yellow  fever  occur  in  a  barrack,  it  is  impossible 
then  to  attempt  any  cleansing  of  sewers ;  the  only  plan  is  to  evacuate  the 
barracks  and  ij^iJiite  the  infected  body  of  men.  This  bas  been  done  many 
times  in  the  West  Indies  with  the  be^t  effects*  As  a  preventive  measure, 
also,  evacuation  of  the  barracksj  and  encampment  at  some  little  distance,  is 
a  most  useful  plan.  Before  the  barrack  is  reoccupicd,  every  possible  meaiis 
shoidd  Vie  taken  to  cleanse  it ;  sewers  sltould  bo  tlioroughly  flushed  ;  walls 
scraped  and  iimewashed,  and  dishifection  of  the  builijiug,  1  nodding,  and  clotldng 
most  scrupulously  carried  out.  If  a  barrack  cannut  be  altogether  abandoned^ 
the  ground  floors  should  be  disused.  Then^  are  several  instances  in  %vliich 
persons  living  iii  tlie  lowest  storey  have  been  attacked,  while  those  above 
have  escaped. 

5,  If  it  appears  on  boanl  ship,  take  the  same  precautious  with  regard  to 
evacuations,  bedding,  Sec.  Treat  all  patieutd  in  the  open  air  on  deck,  if  the 
weather  iiermit;  run  tlic  sliip  for  a  colder  Lttitude ;  hmd  all  the  sick  as 
soon  as  j>ossible,  and  cleanse  am!  fumigate  the  ship, 

IiUerfuxl  CmtJfe. — ^Receut  arrival  in  the  emlemic  zone  from  a  cool  climate 
has  been  usually  assigned  jis  a  C4iuse,  but  the  confusion  between  true  yellow 
fever,  severe  febricula  (anient  fever  or  caumts)  and  malarious  fevers  renders 
it  UDcertiiin  how  far  this  cause  op*^ratea**     Still,  as  a  matter  of  precaution, 

1  Dr  PeRT  {KmaiileTB  quurantiae  umsIi^s  luid  ndviiie^  a  most  rigorous  fiyxteru  of  tliAinffiction. 
He  dtfla  riflfbt  instftnr  >  '  *^  ■  '  -  !  tr-tiou  of  yellow  fever  throngh  a  ntnoi  quiurautiDti, — (^eveii 
to  New  Orli.*«iis  nutl 

^  Bee  thtr  ctisK  of  t!i  his,  iu  tlie  valley  of  tlie  MKslsHippi ;  see  Col.  Woring*s 

^  III  t ho  oM  tiiiKi'ji  in  Jamaica  it  wa^^,  howevLT,  alway^(  iiotiucd  that  thu  wont  attAoki 
occurrwt  ia  rv^iaiMit^  iluriujj:  the  lirst  twenty-four,  ujiil  e-iiKt-iullv  the  tirnt  twelve  iiionthif. 
In  Ihirteea  *»inth*tf*ic«  in  *litT«?rvnt  regimentii,  fotir  occuithiI  in  hw  lliitn  sU  inmitliH  afUT 
Innditie,  iieven  lin  Ir-*^  t^ an  twelve  inrfnth^J!,  n^in!  trrn  in  h^<  than  twenty-four  mouths.     But 


it  haM  Xm;n  nUii' 
<tf  that,  does  II 

that  all  thiiHu  ii,:^.<. -- ,  .. 

way  of  coining  to  %  decision 


A^aniMt  thii  yelJow  fuver 
It  i^  tiinch  to  bo  wiiihtnl 
y  tigurufl.    Tliat  i*  th«  uuly 
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the  present  plan  of  three  or  four  years'  Mediterranean  service  before  passing 
to  the  West  Indies  seems  desirable,  although  this  has  been  questioned  by 
some  experienced  officers.  Different  races  possess  the  peculiar  habit  which 
allows  the  external  cause  to  act  in  very  different  degrees ;  this  is  marked  in 
the  cases  of  negroes  and  mulattoes  (among  whom  there  is  a  congenital  imma- 
nity  from  this  disease)  as  compared  with  white  men,  but  even  in  the  Euro- 
pean nations  it  has  been  supposed  that  the  northern  are  more  subject  than 
the  southern  nations.  Of  the  sexes,  women  are  said  to  be  less  liable  than 
men. 

This  predisposition  is  increased  by  fatigue,^  and,  it  is  said,  especially 
when  combined  with  exposure  to  the  sun ;  by  drinking,  and  by  improper 
food  of  any  kind  which  lowers  the  tone  of  the  body.  No  prophylactic 
medicine  is  known ;  quinine  is  quite  useless.  Little,  therefore,  can  be  done 
to  avert  the  internal  causes,  except  care  in  not  undergoing  great  fatigue, 
temperance,  and  proper  food. 

Dengue, 

This  disease,  which  has  attracted  much  attention  of  late  years,  appears 
to  bear  some  relation  to  yellow  fever,  not  in  its  pathological  characters,  but 
in  the  time  of  its  appearance  and  geographical  distribution.  It  has,  how- 
ever, prevailed  in  Asia,  where  yellow  fever  has  hitherto  been  unknown.  In 
Egypt  (according  to  Vauvray)  it  is  seen  at  the  time  of  the  date-harvest, 
and  is  known  as  "  date-fever."  In  other  parts  of  the  world  it  has  been 
attributed  to  vegetable  emanations.  Although  its  symptoms  are  those  of 
blood-poisoning,  it  may  be  doubted  if  this  be  due  to  vegetable  emanations 
only.  Dr  J.  Christie  ^  thinks  that  the  Dengue  of  the  Eastern  and  the 
Dandy  fever  of  the  Western  Hemispheres  are  varieties  of  the  same  disease, 
produced  in  the  one  case  by  the  virus  of  yellow  fever,  and  in  the  other  by 
that  of  cholera,  modified  by  local  conditions  of  an  insanitary  kind,  chiefly 
decomposition  of  bodies  improperly  interred.  He  suggests  general  hygienic 
measures,  and  especially  improved  methods  of  burial,  as  the  best  preven- 
tives. Hirsch  points  out  that  the  sudden  outbreak  and  rapid  diffusion  of 
dengue  epidemics  afford  a  striking  analogy  with  the  phenomena  observed 
in  epidemics  of  influenza.  Summer  and  early  autumn  is  the  proper  dengue 
season,  a  high  temperature  being  essential.  The  communicability  of  the 
disease  Hirsch  considers  to  be  at  present  an  open  question.^ 

CJwlera, 

External  Cause, — We  have  no  certain  clue  to  the  origin  of  cholera,  and 
in  some  respects  the  propagation  of  the  disease  is  very  enigmatical.  The 
way,  for  example,  in  which  the  disease  has  spread  over  vast  regions,  and 
has  then  entirely  disappeared,  and  the  mode  in  which  it  seems  to  develop 
and  decline  in  a  locality,  in  a  sort  of  regular  order  and  at  certain  seasons, 
are  facts  which  we  can  only  imperfectly  explain. 

Many  observers  had  sought  for  a  specific  organism,  but  until  R.  Koch  in 
1884  discovered  the  comma  6a ci/Zw*  or  «pin7/«7?i  in  the  intestinal  contents 
of  cholera  patients,  the  parasitic  theory  did  not  meet  with  general  acceptance. 
Although  Koch's  discovery  has  been  submitted  to  severe  criticism,  and  several 
microscopists  and  pathologists  of  great  authority  have  disputed  his  conclusions, 

1  Arnold,  BUious  Remittent  Fever ^  1840,  p.  32. 

3  Transactions  of  the  International  Medical  Congress,  1882,  vol.  iv.  p.  636. 

'  Hirsch,  op.  cit.,  voL  L 
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the  general  opinion  now  is,  that  a  caiuaal  connection  does  exist  between  the 
I>articular  orgiuiisni  discovered  by  him  and  tliis  specific  disease.  Amongst 
the  more  ini|x>rtant  coiTohorative  researches  are  those  of  Nicati  and  Rietech/ 
of  Van  Ermengem/-  Doyen,-*  and  of  Macleod  and  ftfilles*  at  Shanghai.  The 
evidence  allbrcled  by  these  investigations  seems  to  outweigh  the  objections 
urj^ed  by  previous  observers* 

But  as  far  a«  preventive  measures  are  concerned,  the  researches  of  late 
years  seem  to  have  given  us  indications  on  whicli  we  are  bound  to  act, 
thougli  they  are  based  only  on  a  partial  knowlec^e  of  the  laws  of  spread  of 
this  poLson. 

If  the  biicterial  origin  of  the  disease  becomes  proved  beyond  question,  it 
will  he  an  additional  and  moat  potent  reason  for  adopting  the  disinfectant 
and  hygienic  measures  recommended  by  sanitarians ;  if,  on  the  other  hand, 
further  pro«>f  is  not  forthcoming,  and  the  doctrine  of  a  specific  organic  con- 
ift(jium  remains  only  a  theory — even  if  a  very  probable  one, — the  same  me^ 
.snres  of  disinfection  and  prevention  found  by  experience  to  be  effectual  would 
still  require,  to  be  carried  out. 

These  indications  are^ 

1.  The  portability  of  the  disease,  i.e.,  the  carriage  of  cholera  from  one 
place  to  another  by  persons  ill  with  the  dise.ase,  both  in  the  earliest  stage 
(the  so-called  premomt<-">ry  diarrhcea)  and  the  later  period,  and  in  con- 
valescence. The  carriage  by  healthy  persons  coming  from  infected  dis- 
tricts is  not  so  certain  ;  but  there  is  some  evidence,^  It  is  clear  this  last 
point  is  a  most  important  one,  in  which  it  is  desirable  to  have  more  com- 
plete evidence.  The  occasional  carriage  by  soiled  clothes,  though  not  on 
the  whole  common,  has  also  evidence  in  its  favour.  All  these  points  were 
aHlrmc^d  by  the  Vienna  Conference  of  1874.  Even  Pettenkofer  admitted 
that  man  is  the  carrier  of  the  disease  germ,  althoiigli  the  loeality  may  he 
the  means  of  rendering  it  fiotent.  On  the  other  hand,  Dr  J.  M.  Cunningham  ^ 
makes  a  tabula  msn  of  everything,  denies  the  transportability  of  the  disease 
either  l*y  |iersnns  or  by  water,  and  says  tliere  is  a  mysterious  factor  still  io 
be  sought  fnr»     The  weight  of  evidence,  however,  is  against  liis  theory. 

WHiatcver  may  Iwi  the  final  opinion  on  all  these  points,  we  are  bound  to 
art  Jts  if  they  were  perfectly  ascertained.  It  is  usually  impossible  to  have 
rigid  quarantines  ;  for  nothing  short  of  absolute  non-communication  would 
be  useful,  anii  this  is  impos.'^il^le  imless  in  exceptional  eases.  For  persons 
very  slightly  ill,  or  who  have  the  dise^ise  in  them  but  are  not  yet  apparently 
ill,  or  pos^sibly  who  are  not  and  will  not  be  ill  at  all,  can  give  the  disease, 
and  therefore  a  selection  of  dangerous  persons  cannot  be  made.'  Then,  as 
the  incubative  stage  can  certiiinly  last  for  ten  or  twelve  days,  and  there  are 
sr.me  good  citses  on  recortl  wliere  it  !ias  lasted  for  more  than  twenty,  it  is 
clear  that  quarantine,  unless  enforced  for  at  least  the  last  i>erio<i  of  time, 

I  Archv^sesde  Phyiioio^if,  1SS6,  and  Jievue  de  Miti^cine,  1885. 
^  Seeherches  imrle  microbe  dn  C/u>ltra  Atiatitiujt,  1885, 
^  Arehiv€»  tie  Physiohqu^  1886. 

*  Public  B filth.  March  1889, 

^  £8{iectal1y  in  the  Mtturitiirs  oatbr^&ks,  wbere  partii^  fof  cooliei  comi&f  fititn  pl&ces  where 
cholera  prevetikr],  hui  Ijcitif?  th(?ius«Ives  bealtli/,  gave  Qbolem  to  other  parties  of  coolie  who 
had  airivml  from  ImVm^  au<1  hiul  no  di«ease  among  them.  Dr  Lttith  Ad&mB{ArmyAledi6at 
Report,  voL  vi,  p.  34BX  iu  hU  excellent  Report  on  Oholem  in  Malta,  stated : — ^'*  There  are 
many  poi^ic^d  fact?  to  f^how  that  cholera  may  be  introduced  and  comtnunicated  to  sujMseptible 
fwrnons  by  healthy  individuals^  from  infected  distriuUi," 

*  Ninth  Annual  Hepvri  t/f  the  &mtt/try  CommiitHonfr  with  the  Got'^mment  of  Truiin, 

f  Pettenkofer  beUevei  that  man  i-i  the  earrieT  of  the  poif^on,  whether  ho  be  sick  or  well, 
and  that  the  sick  man  hi  oot  a  dangi?r  bocaase  he  b  actnally  ill  of  chokni,  but  because  he 
cornea  from  the  infected  locality,  lor  hiM  views  with  regard  to  the  influonce  of  aoil,  see  pag^ 
10. 
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may  lie  useless.  Tlxe  constant  evasions  also  of  tlie  most  strif  t  cordon  render 
8ii(!h  plans  always  useless.  An  isliuid,  or  an  inlaml  village*,  far  removed 
from  commerce,  and  capable  for  a  time  of  doing  without  it,  may,  p>erlKti  s 
pmctise  quarantine  and  preserve  itself;  but,  in  other  circiunstances,  Iniih 
theory  and  actual  experience  show  that  quarantine  failsJ  M.  Fauvel^ 
believed  that  the  quaranthie  measures  adojtted  in  the  KeJ  Sea  had  been 
jnstnunental  in  preventing  the  spread  of  cholera  to  Europe  on  three 
separate  occasions,  namely,  1872^  1877,  and  18HL  The  futility  of  quaran- 
tino  w^asj  however,  distinctly  aJhmied  by  the  Committee  appoint^^d  by  the 
Secretary  of  State  for  India  t<j  eo!isider  the  ReiM.>rt  of  Klein  and  Heneage 
Gihhes  ill  1885.  With  re«^ard  U^  this  question  cif  quanm tine,  the  Home 
Conference  of  1885  w^as  divided  into  three  distinct  camps.  On  une  side, 
Great  Brit*iin,  the  United  States,  India^  and  aome  northern  countries  were 
altogether  against  quarantine :  on  the  other  side,  Turkey  und  Greece,  Spain, 
and  the  South  iVnierican  states  ^vere  altogether  in  its  favour,  while  a  thini 
party,  between  the  two,  including  France,  Germany,  and  Am^^tria,  considereil 
that  it  is  a  meims  of  proteeticai  to  he  used  with  great  discretion,  but  not  to 
be  entirely  abandoned. 

This  ditHculty,  however,  of  carrying  out  efficient  isolation  is  no  argument 
against  taking  every  precaution  against  commimication,  and  keeping  a 
strict  watcli  and  control  over  evexy  possible  channel  of  in tro<^l notion .  In 
tliis  way,  by  isolation  of  tlie  individual,  or  of  IjHidiea  of  men,  as  far  as  j>os- 
si  hie,  and  by  looking  out  for  and  dealing  with  the  earliest  case,  an  outbreak 
may  perhaps  bo  checkwi,  especially  by  discovering  the  diarrhcBal  attiickn, 
and  by  using  disinfectants  l:toth  to  the  discharges  and  to  linen.*  In  tho 
case  of  troops  coining  from  infected  districts  they  should  be  kept  if  possible 
in  tents,  if  not,  in  separate  buildings  for  twenty  days,  and  ordered  to  use 
only  the  latrines  attached  to  them,  in  which  disinfeettints  should  l)e  freely 
employed, 

2,  The  introduction  of  the  disease  into  any  place  by  persons  is  considered 
by  most  ob8er\'ers  to  be  connccteil  with  the  choleraic  discharges,  either 
when  newly  pissed,  or,  according  to  some,  when  underg<»ing  decomposition. 
The  reastius  for  this  are  l>riefly  these  :  the  portability  Inking  cerUiin,  tbe  thing 
carried  is  more  likely  to  he  in  the  discliarges  from  tlie  Btoniach  and  bowels 
than  from  the  skin  or  breath,  or  from  the  iirine,  and  for  these  reasons : — 
Water  can  communicate  the  disease^  and  this  could  only  be  by  contiimina- 
tion  with  the  discharges  ;  water  contaminated  by  diseliarges  has  actually 
given  the  disease,  as  in  ^Ir  ilacnamara's  cases  ;  in  some  cases  a  singularly 
local  origin  is  proved,  and  this  is  nearly  always  a  latrine,  sewer,  or  recep- 
tacle of  discharges^  or  a  soil  iinpregnated  with  choleraic  evacuations ;  soiled 
linen  has  sometimes  given  it,  and  this  is  far  more  likely  to  be  from  dis- 

1  When  ciicuniBtaiices  &n»  favourable  (as  nespcta  trade  and  iutc^rcourse),  however,  ^ood 
(lUArantitie  roay  be  eitccefisful  even  on  the  mftinlami  TliiH  was  ^hown  in  Algtiria  in  1$6L 
Hee  Dr  Ihikerky'fi  A^tytke  mr  ItJt  Misurtn  de  PrSnerrativn  prises  d  Batna  {Alfhit)  pmtUuU 
U  Cholira  fh  1867^  PtiriH^  1868,  for  a  very  iut«rcstiug  account  of  those  successful  nieoeures  Of 
which  striot  isolalioa  aud  constant  hygienic  nteasurta  were  the  principoJ.  S«  ftlso  in 
America,  Dr  Woodward  states  {Circular  tm  Cholera^  No.  6,  SuTg()on-Genenil'«  Oflice. 
WaahingtoUj  1B67)  tliat  *' the.  geueral  tenor  of  arroy  expericmce  is  etrongly  in  favour  of 
qnarautiine.'  Qtianiiiline  on  laud  was  condtniiULHl  by  the  Vienmi  Couft-rtJUte,  but  n?oom- 
niended  ou  the  Red  Seu  and  the  Caspii\n.  In  Europe,  however,  only  rifiorouh  Lnsp^ction 
was  recotn mended,  with  various  roles  for  iireventing  spread  an  much  as  i>ossihle.  The  Rome 
Conferencu  of  1885  considered  tliat  quarantine  was  not  reqniretl  on  the  C&spijin.  On  Innd, 
nuarantlne  and  i^nitary  cordons  were  again  eondemned  tui  useleaai ;  but  on  the  Red  Son^  tlv« 
imys*  quarantine  was  recommended  for  inftictcd,  aud  luedical  ini»pection  forsufipecied  riissolHu 

-  Rente  iVHygiin*',  vol.  iv,  1882,  p.  754. 

3  The  Indian  Goveninieitt  are  now  cautiouflly  attempting  tn  linut  the  spread  of  cbokra  )off 
Hnjieriiitendiiig  antl  controlling  the  pilgrimages,  which  are  ito  common  a  cause  of  the  tpfeiia 
of  cholera  in  India. 
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diiirgea  tlmn  from  the  perspiration ;  animals  (white  mice  and  rabbit<i)  have 
had  cholera  in'tHluct^d  in  them  from  ferfding  on  the  dried  discharges. 
Finally,  in  the  history  of  the  portability  of  cholera^  there  are  many 
instances  in  wliich,  while  there  has  been  decided  introduction  by  a  diseased 
person  into  a  place,  there  has  been  no  immediate  relation  between  that 
person  and  the  next  case  ;  in  other  words,  the  cause  must  bo  completely 
detat^hable  from  the  first  case,  and  must  1h^  id^le  to  act  at  a  distance  from 
his  Ixjdy,  it  is  therefore  far  more  probable  that  the  discharges  are  this  carry- 
ing agency,  than  that  any  eftiuvia  i^hould  pikis  off  from  the  lungs  ami  skin 
w*hicb  could  spread  to  a  great  distance,  Accoi-diiig  to  the  bacterial  tlieory* 
the  intestinal  evacuations  should  be  the  active  means  of  spreading  the  disease, 
because  it  is  in  tliem  that  the  comma  spirillum  is  found  in  gi-eatest  abund- 
ance. 

Knougli  has  been  said  t<:»  show  that  the  discharges  must  receive  the  most 
careful  attention-  Every  discharge  ought  to  Ihj  treated  \^^th  strong  disinfec- 
tants, libendly  used.  The  Home  Conference  recommended  mixture  with  a 
5  per  cent,  solution  of  carbolic  atrid,  or  4  f>er  cent,  solution  of  chloride  of 
lime.  Clothing  recently  soiled  to  be  disinfected  by  steam,  or  ehse  kept  in 
the  above  disinfecting  solutions  for  4  hours.  Other  clothing,  &c.,  may  be 
disinfe^^ted  by  inonersion  for  24  hours  in  2  per  cent.  carl)olie  acid,  or  1  per 
cent,  chloride  of  lime.  Koch  gives  a  decided  preference  for  carbolic  acid,  5 
jjer  cent.,  as  the  most  ofhcient  disinfectant ;  if  mercuric  chloride  be  used,  it 
should  be  rendered  aciiL  Although  the  results  of  disinfection  of  the  dis- 
charges  have  not  hitherto  been  encouraging,  the  plan  has  seldom  been  com- 
pletely tried.  All  latrines  should  be  disinfected,  sewers  flushed,  and  every 
means  Uiken  to  keep  thorn  ventilated. 

What  should  be  done  with  the  disinfected  discharges?  Should  they  be 
allowed  to  pasi3  into  sewers,  or  buried  in  the  ground  ?  They  must  in  some 
way  be  got  rid  of.  Sewers  certainly  afford  an  easy  mode  of  disixising  of 
them  ;  and  as  the  discharges  are  mixed  vriili  much  water,  and  are  rapidly 
swept  away  in  them,  and  as  the  t-emperature  of  the  sowers  is  low,  and 
deconi|K>aition  is  delayed,  it  is  quite  possible  that  sewers  may  be  a  means  of 
freeing  a  town  from  choleraic  discharges  more  easily  than  imy  otlier  plan. 
And  it  appears  to  bo  a  fact  that  in  the  well-sewered  towns  in  England  the 
cholera  of  1865  and  1866  never  attain et^l  any  wide  spxead.  In  Munich,  in 
the  cholera  epidemic  of  1873,  the  well-sewered  parts  of  the  town  had  oul)' 
one-half  the  sickness  and  mortality  of  the  others,  which  wore  eitlier  imper- 
fectly drabietl  or  not  at  all>  In  largo  towns,  also,  there  are  no  other  means 
of  dis|»osing  of  the  discharges*.  But  sewers  may  be  a  means  of  dissemination,^ 
and  thus,  as  in  some  outbreaks  of  enteric  fever,  a  source  of  danger.  And 
again,  when  sewage  is  poured  over  land,  as  it  wiU  be  soon  throughout  all 
England,  are  we  quite  smre  that  no  choleraic  effluvia  will  pass  off,  or  that  the 
choleraic  particles  i>assing  Into  the  ground  may  not  develop  there,  as  Petten* 
kofer  supposes  is  tlie  case  1  There  arc  no  facts  to  enable  us  to  decide,  but 
the  possibility  of  mischief  arising  in  this  way  should,  at  any  rate,  make  us 
still  more  urgent  in  the  use  of  disinfectants  to  all  discharges. 

Again,  as  to  disposal  in  the  eiirth,  if  Petteidiofer  is  correct,  that  a  loose 
raoist  earth  is  the  place  where  the  supi>osed  germ  of  cholcm  awjuires  its 
poWf^r,  the  last  place  we  should  put  a  choleraic  discharge  would  l>e  the 
earth ;  still,  as  there  is  much  to  lie  said  agiiinst  Pettenkofer*s  views,  and  as 


1  Soykii,  Deulfche  Viertij.f,  off,  Oes,,  Band  xiv.  Heft  1,  p.  64,  1?M 

«  Tliat  these  raftv  Iw  ho,  in  a  pArtJettkr  wny,  was  »howu  U>  be  probftble  ia  Dt  Parkes'  Report 

on  Cholcm  in  Souuiiunpton  {Si^cth  R^rport  n/  thf  MedkiU  Offmr  to  (he  Privy  Ontncilf  i».  iSl); 

but  «tin  tlitTC  \A  very  little  cvidtnee  on  Uii*  ]>oiut. 
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in  small  towns  and  villages  there  is  only  the  alternative  of  allowing  the  tiifh 
charges  to  pass  into  cesspools  or  streams,  or  to  be  disposed  of  in  the  earth,  it 
would  seem  to  he  the  safest  course  to  decr>ly  bury  all  discharges  after  being 
thoroughly  disinfected,  care  being  t^iken  to  plare  them  at  a  distance  from 
houses  and  from  sources  of  water  supply.  Another  execDent  plan  would  be 
to  mbc  them  with  sawdust  and  burn  them. 

That  linen  and  bedding  should  be  carefully  disinfected  needs  no  argument; 
disinfection  by  steam  is  to  he  prefened.  Tborougli  steeping  and  boiling  before 
washing  is  essential,  as  waslierwumen  have  certainly  suffered  in  many  cases. 

3,  The  introduction  of  the  agent  by  the  medium  of  the  air  is  generally 
admitted,  on  the  plea  that  cases  occur  in  whicli  any  other  mode  of  entrance 
ia  impossible.  It  is  also  held  by  some  that,  existing  in  the  air,  it  can  be 
carried  for  great  distances  by  winds  ;  and  some  observers  indf*cd  believe  this 
to  be  its  usual  mode  of  transit,  though  this  opinion  appears  opposed  to  all 
we  know  of  its  spread. 

Without  attempting  to  decide  the  point  or  to  state  the  limits  of  the  trans- 
mission, it  is  a  matter  of  prudence  to  act  as  if  the  winds  did  carry  the  fioiison. 
The  Indian  rule  is,  when  possible,  to  mai-ch  at  light  angles  to  the  wind,  an«l 
never  against  it  or  with  it  if  it  can  be  avoided-  Tlie  spreading  by  the  winds 
in  India  has  been  usually  ascribed  to  the  cuak>m  of  throwing  all  the  cholem 
evacuations  on  the  ground  ;  there  they  get  dried,  and  then  are  lifted  by  the 
wind  and  driven  to  otlier  parts.  This  seems  probable,  but  no  decided  procjf 
has  been  given  ■  and  an  argument  agjiinst  it  may  be  ndsed  on  the  ihlhculty 
of  accounting  for  tlie  ininmnity  of  adjacent  jilaces  if  such  transmission  were 
common.  So  also  the  use  of  nerial  disinfectants  in  cholera  ia  rendered 
advisable  by  the  chance  that  the  cause  may  bo  in  the  air.  The  use  of 
sulphur  fires  has  been  advocated  and  tried  in  India,  apparently  with  gntwl 
effect  (Crerar  and  Tuson}.*  The  A^ieniia  Conference  aiiirmed  transmi-^siou 
by  tlie  air,  but  only  t<7  a  short  disUnce,  and  never  faster  than  man  travek. 
They  also  recogidsetl  the  great  safeguaal  allWded  by  deserts,  as  the  disease 
has  never  been  known  to  be  imported  into  Egypt  or  Syria  across  the  desert 
by  caravans  from  Mecca, 

4,  The  occasional,  perhaps  frequent,  introduction  by  water  seems  certaiiL 
It  was  unanimously  athrmed  at  the  Vienna  Conference,  even  by  Pettenkofer, 
who  has,  however,  since  abfindoned  this  view.  It  is  a  good  plan  always  to 
I'hange  the  source  of  supply,  to  use  rain-water  if  no  other  fresh  sour^o  is  pro- 
curable ;  mid  in  every  case  to  lioil  and  filter,  and  to  use  also  potassium  |>er- 
manganate.'^  It  remains  yet  uncertain  whether  a  water  which  gives  cholera 
is  always  chemically  impure,  or  whetlicr  the  choleitiic  matter  niaj^  l>e  in  so 
small  a  quantity  as  to  be  absolutely  indetectable.  In  the  two  cases  examined 
by  Dr  Parkes,  m  which  the  water  was  the  cause,  it  was  liighly  impure.  In 
India  it  is  now  ordered  that  all  the  water  should  be  boiled.^ 

5,  The  introduction  liy  food  has  been  noted  in  some  cases  (although  the 
Vienna  Conference  decided,  by  1 1  to  7,  that  present  facts  do  not  warrant  a 


'  ^^acy  qf  Sulphur  Ftre^  in  Choleru  Ejndrmiat, 

5  In  tlie  very  able  Report,  fm  Jipukmk  Cholera  in  the  UniUd  SUUe^s  Annif  (Cirt^iVi  -  ^      ' 
War  Depftrtnient :  Surgeou-Gtineral's  OtTice,  WashingloD}  is  what  appears  to  be  : 
hUdcc  of  the  effect  of  changinij  the  supply.     At  New  Orleans  rain,  and  in  ^onu*  ca^i 
water  was  supplied  instead  of  riv*?r  wat<?r,  with  the  apparent  effect  oJ  ebeclting  the  i-piciui  (p, 
xviL) ;  ace  also  the  caii4is  of  Utrei:ht  and  Kotterdiun,  as  reported  by  Buys- Ballot 

i  Indian  Arm jj/  Ref/uifUioti-it,  voK  vi,  AppentUx.  Frjrster,  of  Bre^lau  {Die  yerbreiiumif  der 
Cholera  dareh  die  lininmn,  1873);  urgcis  two  TecomrneniJations  which  he  thinkfi  will  prevail 
cholera  in  the  future — Ist,  Lead  to  every  town,  even  at  great  cost,  abundant  and  pure  w«lier| 
as  indeed  was  done,  he  says,  much  better  2000  yean^i  ago  than  now,  2ud^  Protect  the  ground 
from  oootimimatjoii  iii  any  way  from  excritmeDt,  and  bauii^h  all  ceBspits.  T\iv  ground  must  ha 
abaoluiely  pure,  and  this  can  only  be  if  alJ  fii«cal  matter  is  removed  to  a  distanciv 
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decision).     Every  tirticle  of  food,  solid  and  liquid,  should  therefore  be  passed 
in  review,  and  the  cooking  Jirmngement'5  gone  over  ste|)  by  step.^ 

6.  The  localisation  of  cbolera  is  a  marked  feature  in  its  history.  It  is 
*  if  ten  as  marked  aa  in  yellow  fever,  and  mnj  be  confined  to  a  very  small  area. 
At  other  times,  in  India,  the  "  tainted  district "  may  be  of  some  ejctent. 
From  this  fact  of  localisation  arises  the  iin]x»rtant  rule  of  always  leaving  the 
locality  when  practicable,  and^  in  a  large  town,  of  clearing  out  the  house  where 
cholera  has  happened »  In  India  the  present  nde  is  U^  march  the  men  out 
and  encamp  in  a  healthy  spot  at  some  little  distance,  changing  the  encamp- 
ing ground  from  time  to  time.  On  the  whole,  this  has  acted  well,  and 
should  he  adhered  to,  though  occasionally  it  has  failed,  generaUy,  however, 
it  would  seem,  from  error  in  chtjice  of  locality.  The  men  sliouJd  be  tented ; 
the  tents  should  be  well  ventiJated.  and  ojften  struck  imd  repitched ;  an 
elevated  spot  should  be  chosen,  and  damp  and  low  soils  and  river  Ixinks 
avoided.  Orders  lay  down  Avith  precision  the  exact  steps  to  be  tiikcn  by  a 
regiment  when  cholera  threatens.-  The  rule  of  marching  out  must,  of  course, 
he  subject  to  some  exceptions.  It  hiks  been  advised  that  it  shoidd  not  be 
done  in  the  rainy  seaj^on  ui  India.  This  must  ilepend  on  the  locality.  It 
certainly  appears  sometimes  to  have  answered  well,  even  in  heavy  rains;  but 
in  other  cases  the  rains  may  he  too  heavy.  Xo  absolute  nde  cam  be  laid 
do%vn ;  hilt  the  circiun stances  which  are  allowed  to  set  aside  the  grand  rule 
of  evacuation  of  a  tainted  place  should  be  unequivocal. 

In  connection  with  change  of  locality,  the  opinions  of  Pettenkofer  should 
be  borne  in  minih  Tettenkofer  believes  that,  of  all  conditions,  the  eti'ect  of 
soil  is  the  most  important.  It  Is  necessary,  then,  to  consider  ]jarticularly 
the  nature  of  the  soil  where  the  fresh  camps  are  to  be  placed,  and  to  select 
perfectly  dry,  ami,  if  possible,  pure,  impermeable,  un contaminated  sods,  and 
to  prevent  tlie  cholera  discharges  from  percolating  through  the  ground. 

7.  Men  sick  from  cholera  are  also  best  treated  in  well-ventilated  tenths, 
whenever  the  season  admits  of  it.  Even  in  cold  countries,  up  to  the  end  of 
*  )ctijber  or  the  middle  of  November  tents  can  be  used  if  pro]>eiiy  warmed. 
In  India  it  slioidd  he  a  rule  to  treat  every  cholera  patient  in  a  tent,  as  far 
Ik*  circumstances  permit  it. 

luttfuai  Caitsfs. — Cieneral  feebleness  of  health  gives  no  predisposition,  nor 
is  robust  health  a  safeguai'd ;  some  even  have  thought  that  the  strongest 
men  suffer  most.  Oreut  fatigue,  and  especially  if  continued  from  <lay  to 
day,  greatly  predisjioses :  of  this  there  seems  no  doubt^  No  certain  iiifl^i- 
cnce  has  yet  been  traced  to  diet,  although  it  has  been  supposed  that  a  vege- 
tiible  diet  and  alkalinity  of  the  intestinal  contents  may  predispose.  It  does 
not  appear  that  insuMcient  diet  has  any  great  effect,  though  there  is  some 


1  See  Dr  Fftirwcather'«  Delhi  om©  in  the  Sanitary  Report  o/ the  Punjab  for  1871 ;  ftUogiveo 
in  Euport  f\u  Hygiene,  in  the  Army  Me^kal  Report^  vm.  xiiL  (1873). 

■«  Tbt'  or*k*r  in  India  Ls,  if  a  single  cas*;  occur  in  a  Vinrmok,  to  vacate  that  part  of  the  kar- 
rnck,  mini  keep  the  men  separatt!  in  hnildings^  or  under  canvaa,  m  the  caatonmont.  If  a 
aecoad  ca-ie  occnr  among  tht;  liody  of  men  thu.s  reiuovetl,  they  are  again  movecL  If  a  thir<t 
caae  oeonr  in  thii!  body  of  men  within  a  week,  they  are  renioved  from  tho  station  to  Die  pre* 
]iiiratoiy  camp. 

Builuinifis  are  purified  by  Hcraj>ing  and  washing  walls  with  hot  (MiuMtic  Liniewasb  ;  Imiling 
pnnkah  fn uges^  rojiej*,  curtains,  &c.,  and  using  chloride  of  lime  or  other  disinfectant.  Tent*! 
are  puritied  by  being  fumigated  with  either  chlorine,  nitrous  acid,  or  suljihurous  acid,  and 
then  €ZpOMd  to  tho  weather  for  ten  dayg.  Railway  carriage>^,  after  occupation  by  trooj»« 
carrying  cholera,  are  ^>urifie<l  by  waxhln^  with  boiling  water  containing  in  each  gallon  a  wine- 
gla«Hful  of  carbolic  acid,  and  burning  smphTir  in  the  cloned  carriagea  for  two  hours.  If  tro<>ps 
are  moved  by  rail,  tbey  are  not  to  ti^  latrines,  but  trenches  ant  to  be  dug  for  them. — Intliun 
Armtf  /{t-gulationSf  voL  vi.,  A  pp.  51. 

^  Tlier**  are  nianv  iiihtauces  ol  the  effects*  of  louj?  marches.  See  Orton,  I^orimer,  and  l*liOiii| 
cjuoted  in  ISrU.  ami  For,  Med.  Chir,  Jiti\,  July  1848,  pp.  85-S7. 
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alight  e\Hdc*nce  tliat  sw^iirvy  increases  the  mortality,  arn 

poiiition.i     The  strictest  temporance  does  not  preserve  from  attacks;    but 

every  one  agrees  that  spirite  are  no  protection,  and  that  debauchery  increaaes 

liability, 

Priifessor  Matthew  Hay  -  has  pointed  out  that  Uxe  reaction  of  the  secretion 
of  the  stomach  in  cats,  when  it  in  empty  of  food,  is  not  acid,  but  alkaline  ; 
and  that  the  injection  of  water,  or  a  neutral  saline  solution,  does  not  excite 
the  secretion  of  acid.  Professor  Ewald^  has  made  exi>erimenta  showing 
tliat  this  is  also  the  case  in  man.  It  is  known  from  KoclVs  I'esearches  that 
the  comma  spirillum  flourishes  in  alkaline^  l>ut  dies  in  acid  media.  Assum- 
ing a  causal  connection  to  exist  between  the  spirilhim  and  the  disease,  it  is 
e\^dent  that  swallowing  wiiter  on  an  empty  stomach  would  be  a  dangerous 
proceeding,  if  the  wnt^r  were  polluted ;  also  that  after  fasting,  or  in  the  early 
hours  of  morning  Ix'fore  hreakfai^t,  the  stomach  is  in  such  a  condition  as  to 
afford  a  suitable  resting  place  for,  or  t^i  allow  the  passage  through  of,  the 
spirillum-  Hence  the  ordiuary  belief  that  it  is  dangerous  to  have  to  do  with 
cholera  cases  on  aix  empty  stomach  seems  to  have  a  scientific  basis. 

Of  x»re-existijig  tliseascs,  it  has  been  supposed  that  cardiac  affections  and 
pulmonary  emiihysema  predispose ;  the  evidence  is  very  unsatisfactory.  If 
Bcale's  observations  be  correct,  post-mortem  examinations  often  show  pre- 
vious affection  of  the  villi  and  mucons  membranes  of  the  intestines  genei^y; 
but  it  is  very  desirable  there  should  he  more  proof  of  this. 

DiaiTha?a  predisposes  ;  and  any  causes  which  lead  to  diarrhrea,  especially 
impure  WEiter,  dietetic  errors,  t^'c.,  should  he  carefully  looked  after. 

With  regard  to  prophylactic  measures  {except  in  respect  to  proper  diet> 
free  ventilation,  and  |nu'c  water)  nothing  has  been  yet  made  out.  yuiiiino 
has  been  recommended,  and  should  certtiinly  be  given,  especisdly  in  malarious 
countries,  as  it  is  a  fact  that  the  choleraic  poison  and  malaria  may  act  together, 
and  even  give  a  slight  periodical  character  to  choleraic  attacks,  wdiicli  is 
never  seen  in  non-malarious  districts,  and  is  therefore  merely  grafted  on 
cholera.  Peppers,  spices,  &c.,  have  been  used,  liut  there  is  no  good  evidence 
respecting  them.  Al!  diarrlKca  should  be  immediately  checked,  and  this  is 
well  known  to  he  the  most  important  point  connected  with  the  prevention 
of  the  internal  causes.  The  universal  order  in  India  is,  that  any  man  going 
twice  in  one  day  to  the  hitrine  should  re]>ort  himself  ;  and  non-eommiasioned 
oilicers  are  tisnaJly  stationed  at  tlie  latrines  to  wati-h  the  men.  The  reason 
of  this  rule  should  be  fully  explained  to  the  men.  In  two  attacks  of  cholera 
in  India,  Pr  Parkes  found  it  almost  impossihle  to  get  the  men  to  report 
tliemselves  [>roperly  ;  the  slight  diarrhoea  of  early  cholera  is  so  painless  tlmt 
tliey  think  nothing  of  it,*  In  England  and  Germany  house-to-house  visita- 
tion has  been  found  very  useful^ 


1  For  mtnv  evidenoe  ait  to  scurvy,  see  Peare^j  And  Sbaw,  "  On  iha  Cliolera  of  tbe  J*il  ftl 
CatiLut/'  Mmlrn^M  Mt'dictdJoumaL  July  1863. 
"1,  B.M.J.y  Manli  13, 1886. 
\  BMJ,  ]8iJ6,  i  U. 

^  Several  points  have  been  taken  from  Mr  Dickinsoa^s  tiaefuJ  little  pamplilet  on  ^^i^Hygim^4 
qflndMH  Cholera^  1863. 

^  Great  tnitiortance  has  been  attacliecl  to  tli^  meteorological  conditiODR  attending  outbreak* 
of  tbolura  ;  tney  t\o  not  appear  to  be  very  important,  except  in  two  or  thr^  caaes. 

1.  Tempaxtt\tTt,—A  hign  tcmj^ratare  favonr»  tlie  spread  by  increasing  the  putrefaction  of 
tlie  stools,  and  by  au^  tenting  generally  the  mipurity  of  the  air.  When  cnolera  bns  prevaSled 
it  a  low  tenir)erature  jit  has  been  MVere  at  a  iem|icratni'o  below  freeiiug),  the  rtiiokuig  water 
haft  j>0!wibly  i>*ien  the  eanne, 

%  Prfsmire  has  no  effect.  The  oUl  olxn^rvation  of  Front,  that  the  air  is  hetrier  in  ohoton 
epidetnicD,  hoiH  never  In.'en  eon  finned. 

8*  Moisture  in  Air, — Combined  with  heat,  thi«  seems  an  accessory  caose  of  iiuportAtioii, 
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Typhis  EjcatUhematiais  {Spotted  Tfjphm). 

Exl^mal  Cause. — A  s]>et"iJie  poison,  origin  unknown,  but  comraimicaltle 
from  person  to  person,  probably  through  the  excretions  of  tlie.  skin  and 
lungs  floating  in  tho  air ;  or  by  clotliLng,  whicli  becomes  a  carrier  of  the 
poison  that  clinga  to  it  Not  known  to  be  coinmunieated  by  water  or 
food.  Its  spread  and  ita  fatality  are  evidently  rnnneete*!  with  overcrowding 
in  filthy,  ill- ventilated  dwellings,  associated  with  debility  of  body 
from  deficient  food.  That  it  can  be  produced  by  overerowrliug  alone 
is  yet  uni:ertain.*  The  preventive  measures  may  be  thus  shortly 
sumined  up :— -Adopt  initiation  -  of  patients ;  use  the  freest  ventilation  (5000 
to  6000  cul>ic  feet  per  head  per  hour  or  more) ;  thoroughly  disinfect  th<^  hit 
of  all  rooms  not  in  actual  occupation  ;  and  the  beflding  and  clothes,  by  steam 
heat  This  hist  point  is  extremely  iinfKsrtant  In  fact,  it  may  be  said  that, 
for  the  prevention  as  well  as  treatment  of  typhus,  the  cardinid  measures  are 
abundance  of  pure  air  and  cleanliness.  Wlienever  practicable^  treat  all 
typhus  patients  in  tents,  or  woollen  hots  with  Imilly-joined  walls,  not  in 
hospitals.  Fumigate  tents  and  scrape  and  lime  wash  huts,  and  remove  eartli 
from  time  to  time  from  the  floors,  A  number  of  typhus  patients  should 
never  be  aggregated ;  tliey  must  be  dispersed  ;  and  if  eases  begin  to  spread 
in  an  hoapltil,  clear  the  ward,  mid  then,  if  the  disease  continues,  the 
haspital  itself ;  then  wash  \nth  chloride  of  lime,  and  then  limewash  or  scrape 
walls  and  floors,  and  thoroughly  disinfect  with  iiitroas  acid.  It  haa  liecn 
ofti?n  shown  that  even  exposure  to  weather,  bad  diet,  and  insuflicieEt 
attendance  are  lem  dangerous  to  the  patients  than  the  aggregation  of  cases  of 
typhus, 

Intrrnal  Causei.^A  special  condition  of  Ixnly  is  necessary,  as  in  the  case 
of  small {Kix,  and  one  attack  protects  to  a  great  extent  from  another.  The 
nature  i>f  the  internal  condition  is  unknown  ;  hut  genera!  feebleness  from 
bad  diet,  overwork,  exhaustion,  and  especially  the  scorbutic  hiint,  greatly 
increase  the  intensity  of  the  disease  in  the  individual,  and  perhajwi  aid  its 
spread.  These  conditions,  then,  must  he  avoided.  But  the  strongest  and 
best  health  is  no  guarantee  against  an  attack  of  typhus. 

Bidfo  or  Oriental  Plague  {Pali  Plague  in  India) J^ 
The  origin  of  this  disease  is  closely  connected  with  defective  salutation, 

probAbly  Ly  niiling  traiLiiiitikHioD,     Motstun;  in  tin*  grouinl,  coiubiavd  with  heftt  of  the  ■oil,  Im* 
always  be^u  reoognist**!  m  an  aiding  cause  of  great  i«ij>orUmce. 
4,  Drynt$»  of  Air  seen    ^     -'    "-   *      liick  it, 

6,  Hitin  goiuetiiue*  an^  chefk*  it.  This,  pcrlmpft,  dopemlM  od  the  atnoant 
of  T»io,  atid  on  whether  u  siking  wnter  nioiv  or  les^a  pare.  A  verj*  heairy  min 
iif  n  greikt  ]»iirifier. 

C.  Mtyvfmmt  qf  Air,— It  \»  ocrtAiiily  worst  in  the  stagnimt  fttinosphereis  m  in  llie  oaaua  of 
all  the  specific  poisons, 

7.  Eltd.ritily  MA  not  known  to  h)i%i?  any  (effect.  TJii"*  wrt^  particularly  examinetl  hy  Mr 
L»tiiont,  iu  Munich,  one  of  the  mast  oebbrated  phy»ieai  philofiophcD  of  our  timc»,  but  wttli 
Vltircly  negative  rv^uUij. 

"  8.  Ozone  ha»  uo  ^^ffect,  eithin-  in  Ha  proMmoe  or  abaeiiOQ  (Schnltxe,  Voltotino,  De  Wvthe, 
Lainont,  i^traitibio,  Wunderlich). 

1  Dunns  the  French  war  of  1870,  although  thei*  waa  much  crow»iing,  wretch etlncs*,  and 
mistiry  in  Parii*,  and  i^rtitMnrtrTy  Jn  Metz^  there  was  but  little  typhas  ;  it  was  nothing  like 
thK  amount  in  the  tir  ^  :r(i«  (Or«llois<  HtJttmrt  Afidicak  du  hlocmdt  Mctz^  IS72. 
Chaiiffiinl^  Aca«i»'rii: 

2  liy  the  term  Lsol  .  „  ..„„  Llie  placing  a  mtient  in  a  wparate  building,  not  in  another 
room  in  the  a&inc  building ;  in  the  case  of  Mniiiltrmx^  tvphTiM,  luid  i«carlet  fuvt^r  this  partial 
isolation,  thoujE^h  Monietinif>ji  snoceasAiJ^  cannol  1m?  «Wf»ena(Ml  upon.  If  a  room  must  be  chosen 
in  the  same  bnilding^  chooee  tb©  top  »ton!> ,  i  i  an  b«s  there  found 

*  The  Pali  plague  (Mithi  Mllrf  L  which  w  union  in  RiypootaiUL,  wav  evidently  i»n>- 

pagated  by  the  filthy  babits  of  the  inhabituu     ,  .    iluuken  and  other*),  ami  wn>  soine'viar. 
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such  as  overepuwding,  defeetivt^  disposal  of  faecal  matters,  had  ventilation, 
and  the  like  ;  also  privation.  Poverty  and  dirt  are  two  main  factors  in  its 
causation  (HirFch). 

The  i>rt' yen  live  measnres  should  be  the  same  as  in  typhus,  to  which  tliis 
disease  shows  great  analogy,  Tlie  history  of  the  plague  tit  Cairo  (from  whence 
it  has  now  been  banished  for  many  years  simply  by  imiiroving  the  ventihi- 
tion  of  the  city),^  and  the  disappearance,  after  sanitary  improvements,  of 
the  Pali  plague  in  India,  iuid  its  recurrence  on  the  cessation  of  preventive 
measures,  show  tliat,  like  typhns,  the  bubo  plague  is  e^isily  preventible. 
Elevation,  as  in  so  many  other  speciftc  diseases,  lias  a  considerable  effect : 
the  village  of  Abul  Daghun,  near  Constantinople  (1800  feet  above  the  sea), 
and  freely  ventilated,  has  never  been  attacked ;  the  elevated  citadel  of  Cairo 
ha^  genertilly  been  spared ;  and  when  Barcelona  was  attacked  the  elevated 
eltadol  also  escaped. 

Eniet'ic  or  TypJioid  Fevtr, 

External  Cawit. — A  poison  of  specific  origin  ;  one  mode  of  propagation  is 
by  the  intestinal  discbiirges  of  jwrsons  sick  of  tlie  disease ;  other  modes  of 
origin  and  transmission  are  not  disproved.  There  is  doubtless  a  frequent 
transmission  of  the  disease  l\v  the  diarrhocu  of  mild  ciises  which  are  often 
not  diagnosed.  There  is  some  evidence  that  persons  considered  convales- 
cent may  carry  the  disease,^  hut  it  is  possible  tliat  this  may  have  Ixen 
owing  to  bad!}''  washed  clothes.  The  mode  of  entrance  into  the  body  is 
both  by  air  and  water.  Entrance  by  food  (milk)  has  been  also  proved  in 
recent  yeara 

The  bacterial  origin  of  enteric  fever  hsis  been  warmly  tliscuesed :  jEberth, 
and  after  him  GaHlcy,  have  described  a  kiciDus  {K  it/phosus  or  tt/phi 
€tbdamina(u}  found  in  the  boihes  of  patients,  especiidly  in  the  spleen,  which 
ifl  now  considered  with  great  prfdjability  to  be  the  cause  of  the  disease, 
though  not  as  yet  actually  proved.  This  Inicillys  flourishes  especially 
in  milk :  all  milk  should  therefore  be  boiled  before  use,  pirticuhirly  when 
partaken  of  liy  children.  The  Imcillus  has  also  been  found  to  1>e  present  in 
driuking  water,  and  in  the  suiL"' 

Aii  means  of  arresting  the  disease,  isolate  the  patients  ;  receive  all  evacua- 
tions (fteces  and  urine)  into  the  vessels  strictly  kept  for  one  sick  person  ; 
place  mercuric  clilorkle,  or  carbolic  acid,  &c.,  in  the  vessels  ;  never  empty 
any  evacuation  into  a  closet,  sewer^  or  cesspool,  T>elore  thorough  disinfeetion  ; 
bury  it  sevend  feet  deep,  and  mix  it  well  with  earth.  Disinfect  by  moist 
heat  aU  clothes  and  beddiog.  As  means  of  prevention  attend  especially  to 
the  purity  of  the  drinking  water,  and  to  the  disposal  of  sewage ;  although 
the  origm  of  enteric  fever  merely  from  putrefying  non-enteric  sewage  is  not 
eonsidered  at  present  to  lie  probable,  it  b  not  disproved,  and  it  ia  certain 
that  the  disease  may  spread  by  the  agency  of  sewers  and  faecal  decomposition. 
A  single  case  of  enteric  fever  shovdd  at  once  be  held  to  i>rove  that  something 
is  wrong  witli  the  mode  of  getting  rid  of  the  excretions.     If  neither  water 

neo  almost  watinl}'  got  rid  of  by  sanitary  measurra.     Subawitieiitlv,  these  were  ueglecUnl  nnA 
tae  diJteAae  retumcnL     It  has  now  again  greatly  lesAened.     Hirach  has  jxiinteii  out  t^i  i 
Pali  pt»gUB  differ:^  from  the  Egyptian  plagoe  in  bavinga  marked  Hug  disea.se,  and  in  11;      . 
re8«mbli!a  the  black  death  in  the  fourteentli  century,  with  which  Hirsch,  in  fact^  con  side  i  -  n 
idduycal. 

1  Statnm,  in  Pappenheini's  Beitrii^fc,  1862-3,  p.  80.  The  measures  adopted  in  Cairo  vrew 
level) lug  some  hillocks  which  stoppefl  the  air  from  blowing  over  the  city,  filling  np  *omt 
mai^bes,  and  adopting  a  better  mode  of  burial.  The  peculiar  sepulture  customs  oi  tJie  Copt 
h/ive  evea  indeed  been  Aligned  as  the  sole  cause  of  the  origiii  of  pkgue, 

^  Ghtl,  Die  rnodWii  eCr  entervwh^n  Tuphui  in  M^bwfctn,  1866,  pp.  7i  and  94. 

^  M4ce.  Com^^  ii^fKiu*,  1888, 1,  l&W.    ^ftc  aX^o  AuwOw  «  Hijg^ive,>^»^\i  V890. 
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nor  sewers  can  T>e  proved  to  "be  in  fauJt,  consider  the  milk  and  other  food 
supply. 

hitemcd  Cmt&es, — ^As  a  first  sittack  preserves  in  a  groat  mojisure  from  a 
second^  a  peculiar  condition  of  iKxly  is  as  essential  as  in  smallpox ;  and 
looking  to  the  special  effect  produced  on  Peyer's*  i>atches,  and  t^:*  the  fact 
that  at  the  period  of  life  when  these  jjatches  natni-ally  degenerate,  the 
susceptibility  to  typhoid  fever  materially  lessens,  or  even  ceases,  it  seems 
possible  that  the  internal  cause  or  necessary  second  condition  is  the  exist- 
ence of  these  patches,  the  structurea  in  whidi  are  brf>ught  intii  an  ahnormul 
state  of  activity  by  the  direct  or  indirect  action  of  the  poison  on  them. 
The  other  internal  causes  are  anything  which  causes  gastro-intesthial  dis- 
order, such  as  bad  water,  and  general  feebleness. 

Edap9ing  Fever* 

The  exciting  cause  of  this  disease  has  been  definitely  shown  to  be 
a  specific  organism,  the  Spirtlhtm  Ohennneri.  Pt^iverty  and  destitution 
favour  its  spread,  which  is  intimately  connec!ted  ^vith  the  occurrence  of 
famine  amongst  masses  of  tlie  population,  want  of  nourishment  being  a 
chief  factor  in  the  production  of  the  disease.  Dirt  jmd  o\'ercrowding  aid  in 
its  ihfiusion.  It  is  highly  infectious.  One  attack  seems  to  ^v^  no 
immunity  from  future  attacks.  Tlie  preventive  measures  consist  in  isolation 
of  the  sick,  with  freest  ventilation,  and  thorough  disinfection  of  the  clothing. 

Malki  Ftver,     MedUenaneaji  Fever, 

Under  these  terms  a  disease,  or  diseases,  which  in  every  point  is  like 
relapsing  fever,  but  yet  not  ideiitjcal,  has  been  described  as  occ^urring  in 
ilalta  aiid  Gil)raltar,  at  Na]>les,  and  in  nmny  other  places  on  the  Mediter- 
ranean, Dr»  Marston,^  Buileau,*-  and  Yeale,-^  as  well  as  many  others,  have 
written  on  the  suhject.  In  all  prolKibihty  there  is  one  disease  prevailing 
widely  along  the  Mediterranean  shores,  tjuite  distinct  from  enteric  fever, 
from  relapsing  fever,  and  from  intermittent  or  remittent  fever,  and  due  to 
the  presence  of  a  specific  contiigium,  the  micrococcus  described  by  Dr 
I>,  Bruce,^  It  does  not  apj^eiir  to  be  contagious,  and  though  of  long  dura- 
tion, the  mortality  is  very  small. 

Preventive  measures  would  appear  to  Ije  attention  to  sanitary  conditions 
generally,  and  especially  the  removal  from  foul  excremeut-poUuted  sites. 

Cerebro-Spinal  Meningiiis. 

ThiB  disease,  which  has  occasionally  been  noticed  in  France,  and  esfjecifUly 
among  soldiers,  for  the  last  half  century,  has  within  late  years  appeared  in 
several  i>arts  of  Gemiiiny,  and  a  few  cases  among  civihans  have  occurKxl  in 
England.  It  seems  to  depend  on  a  specific  agent,  but  very  little  is  yet 
known  al30itt  it.  It  is  pre-eminently  a  disease  of  soldiers,  esp<?cially  among 
trrjops  in  Imrmcks.  Of  62  epidemics  in  France,  43  were  absolutely  confined 
to  8oldiers,  in  6  it  was  chiefly  among  troups,  and  in  5  it  was  equally  common 
among  the  civil  and  military.  An  epidemic  of  1 3  cases  occurred  amongst 
the  troops  at  Devon  port  in  1886  :  no  cause  could  be  assigned.*^     It  does  not 

i  A  nntf  Med.  IteporU,  voL  iiL 
-  Army  Med.  Report*,  vol  yvL 
*  Artny  Med.  JtrptyrU^  vol  xx. 

^  B.  M,J.^  M»y  18,  laSO.    Sc«  idso  a  paper  l>y  Surgt-ou  A.ti.P.  Gii'pR,  K.N.,  Tntju^,  Kykirin^ 
Sac.,  Tol.  ix.,  18^9-90. 
»  A,M.D.  Jiep^nLK  for  18S5, 
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appear  to  be  contagious ;  but  Hirsch  is  of  opinion  that  its  communicability, 
though  doubtful,  is  not  disproved.  Overcrowding  should  be  prevented,  and 
free  ventilation  provided.^ 

The  Eruptive  Fevers, 

Smallpox  is  guarded  against  in  the  army  by  repeating  vaccination  in  the 
case  of  recruits,  and  by  occasional  revaccination  of  all  the  men  in  a  regi- 
ment. In  the  statistical  reports,  great  attention  is  always  paid  to  this 
important  point,  and  the  evidence  from  foreign  armies  proves  the  necessity 
of  careful  revaccination. 

If  the  disease  does  occur,  isolation  ^  (in  separate  buildings  or  tents)  is  most 
important,  but  the  aggregating  of  a  large  number  of  cases  together  ought 
to  be  avoided. 

Scarlet  Fever, — Of  late  years  much  attention  has  been  drawn  to  the  search 
for  a  specific  organism,  as  the  contagium  of  scarlet  fever.  Since  the  Maryle- 
bone  epidemic  of  1885,  which  was  conclusively  proved  by  Mr  Power  to  bo 
due  to  infected  milk,  the  milk  being  considered  by  him  to  derive  its  infective 
properties  from  a  disease  in  the  cows,  Dr  Eiein  has  made  a  long  series  of 
researches,  and  believes  that  the  actual  cause  of  the  disease  is  a  Streptococcusy 
which  he  has  named  Micrococcus  scarlatince.  His  conclusions,  however,  have 
not  been  universally  accepted. ^  Other  observers  have  found  other  organisms 
in  connection  with  scarlet  fever,  but  up  to  the  present  it  cannot  be  admitted 
that  the  causal  relationship  has  been  proved  in  regard  to  any  one  of  them ; 
though  from  analogy  it  is  extremely  probable  that  the  disease  is  bacterial 
in  its  origin.  As  there  is  no  doubt  that  milk  can  be  the  vehicle  by  which 
the  poison  may  be  spread,  this  should  always  be  boiled  when  any  doubt 
exists  as  to  its  source,  especially  when,  as  in  the  case  of  children,  it  is  par- 
taken of  in  large  quantities. 

Nothing  definite  is  known  with  regard  to  prevention,  except  that  a  good 
sanitary  condition  seems  to  lessen  its  intensity,  and  probably  its  spread. 
Tlie  evidence  with  regard  to  belladonna  in  scarlet  fever  is  contradictory,  but 
on  the  whole  unfavourable.  All  the  discharges  should  bo  disinfected,  and 
the  skin  well  rubbed  over  with  camphorated  oil.  Tliis  will  prevent  the 
dispersion  of  the  poison. 

The  most  difficult  case  is  when  either  measles  or  scarlet  fever  appears  on 
board  ship,  and  especially  if  children  are  on  board.  If  the  weather  permit, 
the  best  plan  is  then  to  treat  all  patients  on  the  upper  deck  under  an 
awning.  If  this  cannot  be  done  (and  scarlet  fever  patients  must  not  be 
exposed  to  cold),  they  must  be  isolated  as  much  as  possible.  Both  in  scarlet 
fever  and  smallpox  there  is  some  evidence  to  show  that  the  incubative 
period  may  be  very  long. 

Perhaps,  in  the  present  state  of  evidence,  it  might  be  desirable  to  try  the 
prophylactic  efiects  of  belladonna  on  board  ship,  directly  the  first  case  occurs. 

Measles, — The  discharges  from  the  bronchial  mucous  membrane  and  from 
the  nose  should  be  carefully  disinfected  :  rags  may  be  used  instead  of 
handkerchiefs,  and  burnt  when  done  with,  instead  of  being  washed. 

Erysipelas  {Hospital  or  Epidemic), 
External  Cause. — It  is  well  known  that  in  the  surgical  wards  of  hospitals 

1  Hirsch,  op  cit.,  vol.  Hi.  pp.  677,  588. 

3  Buchanan  gives  a  ^ood  example  of  the  advantages  of  isolation  in  the  case  of  Cheltenham, 
where  smallpox  was  introduced  into  the  town  six  times,  but,  in  consequence  of  projter 
hospital  accommodation  for  all  classes,  never  made  good  its  footing. 

3  See  Loc  Gov,  Board  Reports  for  1885  and  subsequent  years. 
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erysipelas  occasif)iially  occurs  and  then  may  be  transniitted  from  patient  to 
patient.  The  exact  causes  of  its  appearance  have  not  been  uia<ie  out^  bnt  it 
is  evidently  connected  with  overcrowding  and  impure  air,  ^Moisture  of  tlio 
floons  causing  constant  great  humidity  of  air,  ha^  aim  been  supposed  to  aid 
it.  It  is  much  more  common  in  tixed  hospitals  than  in  t4»nts  and  huts,  and 
indeed  is  exceedingly  rare  in  the  two  latter  cases.  The  researchers  of 
Fehleisen,*  and  after  him  of  Cornil,  Denncc,  and  Hartmann,"  have  esUib- 
lishetl  tiie  dependence  of  this  disea.se  on  the  presfuce  of  a  specific  organism, 
StJrptococem  aysipelafis^  in  the  lymphatics  and  connective  tissue :  contagion 
is  eHect^'d  through  the  air  by  means  of  dried  pus  celhi,  &c.,  to  which  the 
organism  is  adlierent- 

\Mjen  hospital  erysipelas  hsis  once  appeared  in  a  ward,  nothing  will  avaU 
except  complete  clearance^  scraping  the  fl hoi's,  and  often  tlie  wtdis,  washing 
with  cldoride  of  lime^  and  then  with  solution  of  caustic  lime^  ami  thorough 
fumigation.  The  erysijjelatous  caae«  should  be  placed  in  well- ventilated 
tents. 

Considering  the  nudouhted  beneficial  influence  of  tent  life,  it  may  be  a 
ipicstion  whether^  even  in  civil  life,  liospitals  which  possess  ganlens  should 
not^  during  tlie  summer,  treat  their  surgicid  cases  ^nth  suppurating  wounds 
in  tents. ^  In  nimiy  continenkd  towns  the  large  hospitals  have  now  wooden 
hut^s  attached  to  them,  in  \N'hich  the  surgical  cases  are  treated. 

<Jf  course,  extreme  care  in  conservancy  of  wanls  or  ttmts,  the  immediate 
removal  of  all  dressings,  gi^eat  care  in  dressing  wounds,  so  that  ueitlier  by 
instrumentj*,  sponges,  lint,  or  other  apidiancejs,  pus  cells  or  molecular  organic 
matter  shall  be  inocukUed,  are  matters  of  famihar  hospital  hygiene.  The 
:  Hfjse  of  antisefjtics,  as  introiluced  by  Professor  Lister,  has  greatly  lessened  tlie 
chances  of  spread  in  the  case  of  erysi]>elas  as  well  as  of  hospital  gangrene.* 

Intrrnal  C^ctMjwt.— Nothing  is  known  on  this  jxiint^  except  that  there  must 
be  some  abrasion  or  xs'ound  of  the  surface  or  of  the  passages  near  tlie  aurfa<"e, 
jifi  the  vagina  or  threat.  The  erysipelas  commences  at  the  point  *)f  abrasion. 
If  there  is  x\c\  oi>en  wound,  the  atmospheric  impurity  seems  to  have  no  bad 
«^tfe*.t  *>n  the  porscais  who  are  exjx>sed  to  it»  but  it  would  be  interesting  to 
know  if  some  forms  of  internal  disease  are  not  prmluced.  Is  it  possible  that 
som«*  forms  of  tonsilitis  and  dtjththeritic-like  iuflanmiatifiu  of  th**  throat 
may  be  caused  in  this  way,  although  there  is  no  solution  uf  continuity? 

Hospital  Gm^trme, 

Almost  the  same  remarks  apply  to  hospital  gangrene  as  to  erysiiwlas.  One 
nf  the  most  important  facts  whith  htis  been  pointed  out  by  many  ^mters, 
and  wldch  has  been  thoioughly  proved  by  the  Americtan  and  the  Italian  wars, 
is  that  perfectly  free  ventilation  prevents  hosjjittd  gangrene,  Hammond, 
the  late  Hurgeou-General  of  the  United  States  Army,  declares  ^  tliat  only  one 
instance  has  come  to  his  knowledge  in  which  hospital  gangrene  has  origi- 
naUd  in  a  wooden  pa\alion  hospital,  and  not  one  which  lias  occurred  in  a 
tent.  Kraus  also,  from  the  experience  of  the  Austrians  in  1859,  states  that 
it  never  could  be  diiicovered  that  gmigrene  originated  in  a  tent.     On  the 

1  IMe  jEtiologi*  du  MrymptU^  1883. 
9  Arckitfikr  Evgurn^  1887, 

*  Sec  HBininoud'ji  Hygieiif,  1863  ;  Kiuus'  Das  Kranien  iind  Z€fsir€uungK-H\/if(r7n^  1861 ;  and 
a  Report  ou  Hypiene,  bv  Dr  ParVes,  in  the  Annif  Aft'dicni  Iteport  fur  1S<J2,  for  tlie  elfocts  of 
t«nt8  oa  erysipelas  and  in       -^  '      , ,  ^^rene. 

*  I  wiu*  itifoniiedj  in  ^^  '  Liffter'n  system  has  completely  banishetl  hcMpltnl  giui- 
grene  from  thjit  cit^i  and  i  tiid  same  nsisult  Iiom  l^eeu  uutice*!  iu  other  G«ruiaii  towiui. 
— IF,  dea) 

*  ffjfffimf,  p.  S97. 
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contrary,  cases  of  gangrene  at  oace  commence  to  improve  when  sent  from 
hoapitiil  wards  into  tents  j  while  on  the  other  hand,  the  tenacity  with  whicli 
the  organie  matters  causing  the  gjingrene  adhere  to  walls  is  well  known. 

The  chief  causes  are  overcrowding,  and  the  putrefaction  arising  from  the 
di&tdiarges  from  wounds.  It  is  a  highly  infectious  dise^iae,  capable  of  being 
transmitted  by  the  attendants  on  the  sick,  as  well  as  by  clotlnng,  dressings, 
&c.  Want  of  cleanliness,  exposure,  and  intemperance  act  as  factors  in 
spreading  it.  Climate  appears  to  exercise  little  inliuence,  as  it  may  occur 
under  all  conditions  of  temperature  and  moisture.  Tlie  scorbutic  taint  pre- 
disposes to  an  attack. 

The  measures  to  be  adopted  in  wards  when  liospit^il  gangrene  occurs,  and 
the  ward  cannot  l>e  at  once  evacuated,  are  the  same  as  for  erysipelajs.  It  is 
not  necessary  to  do  more  than  allude  to  th«  undoubted  transference  by  dirty 
sponges,  &c,,  and  one  of  the  many  beneficial  elfects  of  antiseptic  (or  aseptic) 
dressings  has  been  a  more  complete  recognition  of  the  value  of  scrupulous 
cleanliness,  so  that  operations  can  now  lie  performed  i^itbout  fear  of  res^ult^ 
so  far  as  these  diseases  are  concerned,  even  without  the  use  of  aseptic 
dressings. 

Anthrax. 

This  is  a  specific  dise^e  due  to  the  presence  of  B.  antlirads.  It  is  in 
this  country  contracted  chiefly  by  persons  engaged  in  wool-sorting,  in 
handling  infected  fleeces  and  hides,  and  butchers.  Tlie  chief  preventive 
measures  are  the  efficient  disinfection  of  infected  fleece-s  and  hides,  and  as  far 
as  possible  procuring  an  atmosphere  free  from  the  dust  which  is  disengaged 
in  the  process  of  sorting.     Precaution  against  inoculation  is  also  necessary. 

Tubeirular  Phthisis, 

Tlie  discovery  by  R.  Koch  of  the  Bacillus  tubercuii/sis,  the  pathogenic  prc»- 
perties  of  wbich  liave  l>een  confirmed  by  numerous  other  observers,  n^vived 
the  tlteory  uf  the  coramunicahility  of  phthisis,  an  idea  long  held  by  Italian 
physicians.  The  fact  *jf  its  contagit»usncss  has  been  amply  proved  by  experi- 
ments on  animals,  and  there  is  as  well  a  considerable  Iwdy  of  clinical  evidence 
to  thtj  same  e fleet.  The  organism  gains  access  to  the  body  most  frequently 
through  the  respiratory  tnict,  having  been  inspired  with  tlie  air.  It  is  pre- 
sent in  the  mr  of  inhabited  spacer  to  a  lat^e  extent  on  account  of  the  wide 
diffusion  of  dried  particles  of  phthisical  sputum  in  dust^  in  ^vhich  condition 
the  bacillus  retfiins  it^j  vitality  for  a  great  length  of  time.  Another  mode  of 
ingress  is  thnpugb  the  food ;  milk  is  probably  the  most  frequent  article  by 
which  it  is  conveyed  ;  hut  although  it  la  now  generally  atlmitted  that  tuber- 
culosis is  quite  a  common  disease  amongst  cows,  the  milk  from  such  animals 
is  not  considered  to  he  infective  unless  there  is  a  loc^il  tubercular  disease  of 
the  mammary  glands.  The  question  of  the  transmissibility  of  the  disease 
through  tuberculous  meat  is  still  stt6  jndii'e  :  the  evidence  so  far  appears  to 
be  against  such  mo<le  of  infection,  except  in  cases  where  the  disease  is 
general  throughout  the  body.  Lastly,  in  some  cases,  the  tubercle  bacilli 
may  enter  the  l>ody  through  wounds  of  the  skin. 

Amongst  the  predisposing  causes  heredity  holds  an  important  place :  the 
other  piinciiial  factors  are  want  of  sufficient  food»  especially  want  of  the  fatty 
elements,  and  the  breathing  of  impure  air  ;  be^iides  these,  damp  and  chill  and 
anything  that  reduces  the  vit;tl  powers,  such  as  deficient  assimilation  of  food 
or  habitual  confinement  and  want  of  exercise,  predispose  to  tlie  reception  of 
the  specific  poison.  At  different  times  each  of  these  factors  has  been  sup* 
posed  to  be  the  real  cause  of  the  disease.     Now  that  the  specific  bacillus  is 


Ii,  it  13  none  the  less  necessary  to  enforce  the  laws  of  hygiene 
By,  by  attention  to  the  provbion  of  fresh  air,  good  food,  a  warm  and 
relling,  suitable  clothing,  and  sufficient  exercise ;  but  in  addition  it  is 
nee&isary  to  attack  the  bacillua  itself,  by  disinfecting  all  phthii^ical  sputii, 
irarai^dititely  on  reception  into  a  suitable  vessel,  by  means  of  carbolic  acid  or 
mercuric  chloride,  by  burning  the  rags  that  should  be  used  in  place  of  hand- 
kerchiefs, and  by  using  antiseptic  inhalations.  Healthy  uidividuals  should 
not  sleep  with  nor  occupy  the  same  rooms  tis  phthisical  persons ;  it  would 
also  appear  inadvisable  to  mass  phthisical  pitieiits  together,  although  tlu*re 
does  not  seem  to  be  any  direct  evidence  of  injury  arising  from  consumption 
hospitals,  which  are,  however,  always  freely  and  carefully  ventilated. 


I 
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This  disease  is  conclusively  proved  to  be  caused  by  a  si>ecific  bacterium — 
Bacillua  leprcE,  Hansen — which  is  found  not  only  in  the  leprosy  nodule^s  but 
als<>  in  the  bloo^i,  skin,  mucous  membrane,  and  lymphatics  of  those  who  ar^i* 
affected  with  the  disease.  The  question  of  its  contagiousness  is  not  settled. 
In  former  times  it  was  considered  highly  contagious,  and  lepers  wei-e  kept 
strictly  apart  from  tlie  general  population ;  this  belief  and  practice  seems  to 
have  been  universal 

Of  late  years  medical  opinion  has  been  quite  to  the  contniry,  and  the 
cause  of  the  disease  has  heen  sought  for  in  various  conditious  of  bad  and 
insufficient  fomi,  climate-,  Atc.  A  Committee  of  the  Royal  College  of 
Physiciani?  of  London  in  1867  rejKirted  their  belief  that  it  was  not  contagious. 

But  quite  recently  scveml  facts  liave  com*^  t<i  light  which  throw  some 
doubt  on  this  opinion  ;  comm  mil  cation  by  cont^igionappn^rs  to  have  been  the 
only  means  of  spread  in  a  considerable  body  of  cases  brought  forward  by  M. 
Besnier^  in  18S7,  and  by  other  olieervers  since  then. 

The  inoculation  «»f  Keanu,  an  Hawaiian  prisoner  under  sentence  of  death, 
hy  Dv  Arning,  in  1885,  was  followed  by  a  well-marked  condition  of  leprosy 
in  1888;^  though  but  a  single  case,  one  positive  instance,  such  as  this,  Ls  of 
more  value  than  a  great  number  of  negative  experiment;^. 

That  the  disease  is  not  contiigious  in  the  sense  or  in  the  degree  that  small- 
pox or  measles  are  contagious  is  manifest ;  but  the  incubation  period  is  so 
long,  in  some  ernes  apparently  many  years,  that  it  is  possibly  owing  to  this 
fact  that  coramunic4\bility  by  contagion  has  been  denied. 

Hirsch  disbelieves  in  its  contagiousne^.^  The  use  of  decomposing  fish 
bus  been  assigned  as  a  cause ;  but  this,  thtmgh  a  possible  predisposing,  can- 
not be  the  necessary,  cause ;  because  leprosy  occurs  amongst  people  who 
never  eat  fish  at  all.  Hereditary  susceptibility  must  be  reg»irded  as  an 
important  factor,  especially  in  the  tubercular  form,  which  is  the  less 
common.  It  is  most  prevalent  among  negDjes  and  those  of  mixed  blood,  and 
less  so  among  Europeans,  but  can  bo  acquired  by  the  latter  by  residence  in 
leprous  localities  abroad.  Neisser*  does  not  consider  leprosy  to  bo  an  heredi- 
tary disease.     As  regards  its  prevention  little  is  known  at  piresent. 

*  Nature,  Origin^  and  Propagation  of  Leprosy,  Pttrk  1887.  Sts©  abo  Brit^  Med,  Jour,, 
1887-^. 

s  During  the  past  year  (1890)  doubt  Imsbeea  thrown  on  the  value  of  ihia  case  of  inoculn* 
tion  OS  evidence  of  the  uofimiuuicability  of  tepro^y.  It  appean  that  Keanti's  sou,  skters  Aoti, 
and  wife's  hrother  arc  or  were  lejierH,  and  that,  therefore^  he  may  have  contmctetl  th«  distmsa 
prvviouB  to  the  inoculation.  The  fact,  howaver,  remains  that  a  Keloid  scar  n^ulted  at  the 
neat  rtf  the  inocul/ition*  and  that  leprosv  baciUi  were  found  in  the  juice  of  the  Keloid,  Heo 
B.  M.  Journal,  April  19  and  May  31.  1890. 

»  HirHch»  vol  ii,  p.  &0. 

*  MicfuparasiUn  in  Di»eastt  New  Sydenham  Society,  1836f  p«ge  2M, 
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Approximate  time  of  incubation  of  tJie  principal  Zymotic  Diseases,^ 

Smallpox,  generally  12  days;  Typhus  Fever,  2  to  21  days,  generally  12 
days  ;  Measles,  8  days ;  Scarlet  Fever,  2  to  8  days,  generally  between  3  and 
6  days ;  Diphtheria,  3  to  8  days ;  Enteric  Fever,  5  to  21  days,  generally 
about  11  days ;  Whooping  Cough,  7  to  14  days  ;  Cholera,  from  a  few  hours 
to  4  or  5  days ;  Yellow  Fever,  1  to  8  days,  generally  2  to  6  days ;  Relapsing 
Fever,  2  to  12  days,  generally  5  days;  Dengue,  3  days. 


SECTION  II. 

VARIOUS  NON-SPECIFIC  DISEASES. 

Dysentery  and  Diarrhoea, 

At  present  there  is  no  evidence  that  the  dysentery  arising  from  various 
causes  has  different  anatomical  characters,  or  runs  a  different  course,  except 
perhaps  in  the  case  of  malarious  dysentery.     The  chief  causes  are : — 

1.  Impure  Water, — Both  Annesley  and  Twining  have  directed  attention 
to  this  cause  in  their  accounts  of  Indian  dysentery.  It  is  scarcely  possible 
that,  with  common  attention,  this  cause  should  not  be  discovered  and 
removed. 

2.  Impure  Air. — ^The  production  of  dysentery  and  diarrhoea  from  the 
effluvia  of  putrefying  animal  substances  is  an  opinion  as  old  as  Cullen,  and 
probably  older,  and  there  seems  little  doubt  of  its  correctness.  The  gases 
and  vapours  from  sewers  also  will,  in  some  persons,  cause  diarrhoea ;  and 
also  effluvia  from  the  foul  bilge-water  of  ships.^  On  the  other  hand,  very 
disagreeable  effluvia  from  many  animal  substances,  as  in  the  case  of  bone- 
burners,  fat-boilers,  &c.,  do  not  seem  to  cause  diarrhoea.  In  India  there 
appears  to  be  a  decided  relation  between  the  prevalence  of  dysentery  and 
overcrowding  and  want  of  ventilation  in  barracks ;  massing  a  large  number 
of  men  together  is  certainly  an  accessory  cause  of  great  weight.^ 

The  air  from  very  foul  latrines  has  caused  dysentery  in  numerous  cases, 
Pringle,  and  many  other  army  surgeons,  record  cases.*  In  war  this  is  one 
of  the  most  common  causes.  The  occasional  production  of  dysentery  from 
sewage  improperly  applied  to  land,  seems  to  be  proved  by  Clouston's  observa- 
tions on  the  cause  of  the  outbreak  of  dysentery  in  the  Cumberland  Asylum.^ 
Calm  and  nearly  stagnant  nights,  or  with  a  (jentle  movement  of  air  from  the 
sewage  towards  the  ward,  were  the  conditions  which  preceded  most  of  the 
attacks. 

Of  all  the  organic  effluvia,  those  from  the  dysenteric  stools  appear  to  be 
the  worst.  Some  evidence  had  been  given  to  show  that  dysentery  arising 
from  a  simple  cause  (as  from  exposure  to  cold  and  wet),  when  it  takes  on  the 
gangrenous  form,  and  the  evacuations  are  very  foetid,  produces  dysentery  in 
those  who  use  the  latrines,  or  imclean  closets,  into  which  such  gangrenous 

1  QiiairCs  Dictionary  of  Medicine, 

'^  Fonssagrives  ( Trait S  d'Hygiinc  Navale^  p.  60)  records  a  good  case  of  this  kind.     It  com- 
menced after  a  gale  at  sea  had  stirred  up  the  bilge,  and  on  clearing  it  out  the  attack  ceased. 
^  Wood  on  the  Health  of  European  Soldiers  in  India,  1864,  p.  45  et  seq, 

*  Sir  James  M*Grigor,  Vignes  (who  gives  many  cases  from  the  French  ex|>erience  in  the 
Peninsula),  Chomel,  Copland;  see  also  the  Did.  des  Sciences  Mid. y  art.  **  Dyaenterie."  D'Arcet 
(Ann.  (CUytji^ae,  vol.  xii.  390)  records  a  good  case,  in  which  a  whole  regiment  was  affected, 
in  the  Hanoverian  war,  from  having  used  too  long  the  same  trench  as  a  latrine.  The  disease 
di8aj)peared  when  another  was  dug. 

*  Medical  Times  and  Gazette^  June  1865. 
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?'acuatioEs  are  passed.  If  correct,  tkis  is  a  most  interesting  point,  as  it 
seems  to  show  the  origin  of  a  communicable  poison  c^*?  novo.  Possibly,  in 
all  tliej5e  ca^s,  effluvia,  or  or^fauic  matter's,  or  particles  disengaged  fmm  the 
putrefying  evacuations,  act  at  once  on  the  anus,  and  the  disease  then  spreads 
up  by  continuity. 

There  is  some  reason,  also,  to  think  that  retaining  dysenteric  stools  in 
hospital  wards  spreads  the  disease ;  and,  perhaps,  in  this  case,  the  organic 
particles  lloating  up  may  be  swallowed,  and  then  act  on  the  mucous  mem- 
brane of  the  colon.  In  the  epidemic  of  dysenter)'  in  Sweden  in  1859,  there 
wiis  good  evidence  to  show  that  it  spread  by  means  of  the  diarrha?al  and 
dysenteric  evacuations.^  In  all  cases  tho  stools  must  be  received  into 
vessels  containing  disinfectants,  and  immediately  removed  from  the  wards 
and  buried. 

Chantemesse  and  Widal  have  described  a  bacillus  of  "  epidemic  dysentery  " 
found  in  the  f fecal  matters,  intestinal  walls,  and  spleen  of  patients  afiected 
with  ilie  disease.  Pure  cultivations  produced  an  intestinal  ulceration  in 
guiuefi  \ng^^  in  which  tho  same  organisms  were  recognised*^ 

3.  Improper  Food. — Any  excess  in  quantity,  and  many  alterations  in 
qnality  (esi>ec'itdly  commencing  decomposition  in  the  proteida,  and,  perhaps, 
tbe  rancidity  of  the  fatty  substances)  may  canse  diarrhoea,  which  will  pass 
into  dysentery.  But  the  most  important  point  in  this  direction  is  tlie  pro- 
duction of  scorbutic  dysentery.  A  scorbutic  taint  plays  a  far  more  im[>ort- 
ant  psirt  in  the  production  of  dysentery  than  is  usually  imagined,  and  there 
is  now  ni>  doubt  that  the  fatal  dysentery,  which  formerly  was  so  prevalent 
in  the  West  Indies,  was  of  this  kind.  Much  of  the  Indian  dysentery  is  also 
often  scorbutic. 

4.  Exposure  to  Cold  and  Wft. — Ex[>osurc  to  cold,  especially  after  exertion, 
and  extreme  variations  of  t^'mperature,  have  been  assigned  as  the  chief 
causes  of  dysentery  by  numertjus  writers  ;  great  moisture  has  been  assigned 
by  some  writers  (Twining,  Annesley,  Griesinger)  as  ii  cause ;  and  great  dry- 
ness of  the  tiir  by  others  (Mouat) ;  while  a  third  class  of  observers  have 
considered  the  amount  of  moisture  as  quite  immaterial, 

Hirrfch,'*  after  summing  up  the  evidence  with  respect  to  the  temp>erature 
with  great  care,  deciile.H  that  sudden  cold  after  great  heat  is  merely  a  "  causa 
occoBionalu  "  *  which  may  aid  the  action  of  the  more  potent  cause  of  dysen- 
tery. This,  proljably^  is  the  true  reading  of  the  facts.  The  amount  of 
moistnre  in  the  atmosphere  would  appe^ir  to  be  a  matter  of  no  moment. 

Althotigh  we  cannot  assign  its  exact  causative  value,  the  occurrence  of 
chill  is,  of  course,  as  a  matter  of  pru»ience,  to  be  carefully  guarded  against, 
and  especially  chills  after  exertion.  It  is  when  the  body  is  profnsely  per- 
spiring, and  is  then  exposed  to  cold,  tliat  dysentery  is  either  produced,  or 
that  other  eanscs  are  aided  in  their  action.  In  almost  all  hot  countries 
chilling  of  the  abdomen  is  considered  particularly  hurtful,  and  shawls  and 
waist-bands  (kamarband  of  India)  are  usually  worn.* 

1  Brithth  and  Farnan  M^d.  Chir.  Rt^.,  Jan.  1866,  [x  140* 

'J  BuUrfin  de  I'AcademM  de  Mtdecine,  ISSS. 

«  0«.  cil,  ill  340, 

*  The  MO'Called  **  hill  diarrbaea,**  which  was  formerly  prevalent  in  some  of  the  hill  ganitarift 
in  ln«iia,  especially  on  the  fipurs  of  the  HimalayaA,  has  been  attribute^l  to  the  effect  of  cold 
and  niomture,  and  sudden  changie*  of  tenifierature.  But,  as  remarked  hy  Dr  Alexander  Grant, 
niaoy  hill  atations  have  the^e  atmospheric  conditions  without  bavmg  any  hill  diarrhcea. 
Tl) ere  IK  great  reason  to  «npi>ofl6  thi«  bill  diarrhnsa  to  be  entirely  unconnected  with  either 
elevation  or  climate.  In  some  cases  it  has  been  clearly  caused  by  bad  water,  po^ibly  by  i^un- 
ponded  itcah^H  of  mica  or  by  sulphates  in  the  water ;  in  other  cases,  its  exact  causes 
remained  nnexptlained  Of  late  years  it  has  lessened  in  amount  at  all  statiotu,  and  wllJ  pro* 
bably  disappear, 

3  it  ij^  A  remarkable  circunistauc^,  that  in  tempemte  oUmates  th(»  most  common  months  for 

2  H 
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5.  Malaria  has  been  ftssigiied  as  another  cause  ;  and  it  was  noticad  e8[)e- 
cially  by  the  older  writ<^rs^  tlmt  the  dysentery  was  then  often  of  the  kmd 
termed  *'  DyBmieria  Incrumta  '' — the  stools  being  copious,  serous,  and  with 
little  })lood  ;  in  faet,  a  ^iixXe  somewhat  resembling  cholera. 

Very  p^'cat  difference  of  opinion  has  pre%^aikHl  in  regard  to  this  point. 
Possibly  the  "  malarious  dysentery  "  is  in  part  comiei'ted  with  the  use  of 
marsh  water»  Hirsch  diisbelieves  in  the  lEalarial  nature  of  dysenterj%  l>ut 
at  the  same  time  considers  that  wetness  of  soil,  a^s  influencing  the  weather 
comlitions  may  help  in  its  ditfusion  and  that  so  malaria  may  stand  in  some 
sort  of  causal  eonnection  with  dysentery.* 


Liver  Diseases  (Indian). 

The  production  of  diseases  of  the  liver  is  so  obscure,  and  so  many  staitoft 
of  hepatic  disorder  are  put  together  under  the  t-erm  **  hepatitis,"  tliat  it  is 
impossible  to  treat  this  subject  properly  without  entering  fully  into  the 
question  of  causes.  But,  as  this  could  not  be  done  here,  we  must  content 
ourselves  with  a  short  summary  of  the  preventive  measures  which  appear 
to  be  of  the  greatest  im|>ortonce. 

Dr  Parkes  had  long  been  convinced  that  many  cases  of  hyperffimia,  bilious 
congestion,  and  enlargement  of  the  liver^  with  increase  of  cell-growth  and 
connective  tissue  (but  without  tendency  to  abscess)^  and  enlargement  and 
partial  fatty  degeneration  of  the  liver  celis,  are  caused  simply  by  excess  iu 
diet.^  lie  had  a  good  opportutiity  of  olisermig  this  on  landing  in  India  iu 
1 842  with  an  European  regiment,^  and  liis  later  experience  made  him  certain 
that  the  observation  was  correct. 

Very  simOar  o|unioiis  have  been  expTe^ssed  by  Macnamara,*  and  Konnan 
Chevers  also  pointedly  alluded  to  this  subject^ 

Orders  for  improving  the  cooking  in  India  were  issued  some  years  ago  by 
Lord  Strathnairn,  and  if  these  were  carried  out^  and  if  medical  officers  would 
thurouglily  Luvestig^ite  the  quantity  of  food  tiiken  by  the  men,  and  compare 
it  with  their  work,  and  examine  into  the  cooking,  it  is  quite?  certain  that 
many  cases  of  dyspepsia  and  hepatitis  would  be  prevented* 

In  cases  not  simply  of  byperfemia  and  bilious  congestion,  but  of  aljscesa, 
it  is  probable  that  a  certain  number  are  consecutive  to  dysentery,  and  are 
caused  by  the  absorption  of  putrid  matters  from  the  intestine,  which  are 
arrested  by  the  liver,  imd  there  set  up*  suppuration. 

In  other  cases  of  abscess  there  is  no  antecedent  dysentery,  but  there  aits 
collections  of  pus  or  fcotid  debris  somewhere  else,  which  act  in  the  same 
way  by  allowing  absorption.  There  are,  however,  other  cuae^  in  which 
no  such  causes  have  been  pointed  out,  and  the  genesis  of  these  cases  of 
abficess  remains  quite  obscure*  Much  effect  has  been  attributed  to  the 
influence  of  sudden  changes  of  tem]jerature ;  to  the  rapid  sui)ervention  of 

ilysetiteric  t;pidemicfl  are  tbe  hot  nifintb^ — June  to  Seviteniber.  Takiug  North  Anieric4  anc) 
Northern  mid  Weateni  Euro|Hj,  Hirsch  has  usseniblcd  ti6  outbreaks.  Of  these,  ]  76  occurred 
hi  (jojiumer  ;  228  ia  Bummeraud  autumu  ;  107  in  antunm  \  only  16  m  paring  ;  and  IW  in  winter. 
*rhis  doea  not  look  as  if  cold  had  any  effect.    The  heat  of  Huiiiuier  is  far  more  iu^iirutial* 

^  Hirsch,  cp.  cU,,  vol.  S,  jnge  350, 

^  In  the  grvAt  oad  adinimble  works  of  Hansld  Martin  and  MorghemI,  the  inflnenoe  of  diet 
in  ppodndag  liver  afletlions,  though  alluded  to,  1im  hmn  paased  over  much  t4»  ligbtlv. 
AnBesley^  on  the  otht^r  hand,  has  fully  recognised  the  inimense  influence  of  diet  (vol.  i.  p.  Wly 

*  Remarhi  on  th^  DyserUtry  and  Hcpaiiiis  r/  India,  by  E.  A.  Parkes,  M.B,,  1840,  i\  226, 

*  Indian  AnnaU,  1865.  Br  MuLiiamara  found  a  moHt  extraonlinary  amount  of  fiit^ 
degen oration  of  the  liver. 

^  "  Health  or  European  Trooptt  iu  India,*'  Indian  Annals^  1858,  p«  109.  It  is  {mitiouliclj 
recommended  that  thiii  chapter  should  be  carefully  ii«rui»ed. 
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an  exceedingly  moist  and  ooniparatively  coltl  air  on  a  hot  ae^ison,  wliereljy 
the  profuse  action  of  the  skin  is  suddenly  checked  ;  and  to  the  influence  of 
malaria.  But  the  extraordinary  disproportion  of  cnses  of  abscess  in  dilicrent 
parts  of  the  world  seenLS  to  negative  ail  these  sumii^ea. 

One  fact  seems  to  come  out  clearly  from  Dr  Waring's  ohservations,  vk., 
that  recent  arrival  in  India  is  favourable  ti>  the  occurrence  of  abscess,  and 
that  (all  kinds  of  abeceases  being  put  together)  50  per  cent,  occur  in  men 
imder  tliree  years'  service.  No  length  of  residence,  however,  confers  perfect 
immunity.  It  would  be  very  important  to  determine  whether  the  eficM.^t  of 
recent  arrival  is  marked,  both  in  cases  of  abscess  consecutive,  and  in  those 
smterior,  to  dysentery. 

It  is  poasihle,  also^  that  snme  entozoic  influence  may  be  at  work,  especially 
in  some  partes  of  India,  and  hydatid  disease  of  the  liver  or  other  diseases  of 
the  same  class  may  be  more  common  than  is  supposed. 

In  the  absence  of  perfect  knowledge,  great  care  in  preserving  from  chiUa, 
and  proper  diet,  are  the  only  preventive  measures  which  can  be  suggested 
for  primary  hejMitic  aWess. 


Heat-Stroke. 

Under  this  convenient  term,  a  number  of  cases  are  put  together  which 
seem  to  be  produced  by  one  or  more  of  the  following  causes  :— 

ExtrrTiai  Caicsetf*' — L  Direct  rays  of  the  sun  on  the  head  and  spine.  Adopt 
light  coverings,  covered  with  white  cott<»n  j  permit  a  good  current  of  air 
between  the  head  and  the  covering,  and  use  a  light  muslin  or  cotton  rag, 
dipped  in  water,  over  the  head  mider  the  cap;  a  thick  woollen  spinal- 
pad  should  be  sewn  intn  the  coat.  2,  Heat  in  the  shade,  combined  especi- 
ally with  stagnant  and  impure  air.  After  temperature,  excessive  moisture 
has  a  decided  infiuenco.  In  liouses  (and  men  have  been  attacked  with  heat- 
stroke both  in  tents  and  barracks)  me^ms  can  alw^ays  be  t^iken  to  move  the 
air,  and  thus  keep  it  pure,  even  if  it  cannot  be  cooled.  In  tents  the  heat 
is  often  exceedingly  great,  simply  from  the  fact  that  there  is  not  siilhcieiit 
movement  of  air  ;  in  the  trojiics  a  simple  awning  is  much  better  than  tents, 
and  if  the  awTung  is  slopjed  a  little,  the  top  of  the  slope  being  towards  the 
north,  the  movement  of  air  will  be  more  rapid  than  if  the  canvas  be  quite 
flat  But  in  the  dry  seoi^on,  hi  the  tropics,  the  men  slionld  sleep  in  the 
open  air  in  all  non-malarious  ilistricts,  wdien  they  are  on  the  march  or  in 
campaigns. 

The  general  prophylaxis  has  been  thus  summed  up  by  Professor  Maclean  J 
— **  Hen  wiU  Ixrnr  a  high  temperature  in  the  open  air  witli  comparative  un- 
punity,  provided  (a)  it  is  not  toci  long  continued ;  (6)  that  tLe  dreiis  be 
reasonalply  adapted  to  the  temperature ;  (c)  that  the  free  movement  of  the 
chest  be  not  interfered  with/^ 

Iidenial  Causr4, — It  is  only  known  that  spiritrdrinking,  even  in  modera- 
tion, powerfully  aids  the  external  cause-s  of  heatrstroke ;  even  wine  and 
beer  probably  have  this  ettect.  Tea  and  coffee,  on  the  other  luinJ,  probably 
IcRsen  tlie  susceptibility. 

A  full  habit  of  body,  or  any  tendency  to  fatty  heart  or  emphysematous 
limgs  and  syphilis  (Hutchinson)  have  been  supposed  also  to  predispose* 

It  seems  certain  that  any  embarrassment  of  the  pulmonary  circulation 
aids  the  action  of  the  heat,  and  therefore  the  most  perfect  freedom  fix»m 
belts  and  tiglit  clothes  over  the  chest  and  neck  is  essentiaL 

'  HeynoUb*  Syatemtif  Medicine,  vol.  iL  p^  157.  S«e  ^l^o  DistiueA  qf  Tropical  Climatts,  hy 
tlie  «&iii«  Mithori  Mi£riiitliui  k  Cow,  lS86b 
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Great  exhaustion  from  fatigue  hilU  the  action,  either  from  failure  of  the 
heart  s  action  or  want  of  water,  or  from  increase  of  the  }:Jody-heat  by  miiscu- 
IsLT  exertion,  added  to  the  effect  of  the  external  temperature.  In  this  cast? 
diffusible  stimuli^  such  as^  ainnioiiia,  tincture  of  red  lavender,  tincture  of  car- 
damoms, &c,,  with  strong  eotfee,  are  the  be^st  preventives.  Spirits  should 
aot  be  given,  unless  the  exhaustion  be  extreme^  and  the  diffusible  stimuli 
cannot  be  obtained.     A  .small  quantity  in  hot  water  may  then  he  tried. 

Cold  baths,  and  especially  cold  douching  to  the  head  aJid  spine,  are  most 
useful  as  preventive  m  well  as  curative  measures. 


Scurvy. 

The  peculiar  state  of  malnutrition  called  scurvy  is  now  known  not  to  be 
the  conseqtieoee  of  general  starvation,  tl^ough  it  is  doubtless  greatly  aided 
by  thii5.  ^len  have  been  fed  with  an  amount  of  nitrogenous  and  fatty  fo*:»d 
sufficient  not  only  to  keep  them  in  condition,  but  to  cause  them  to  gain 
weight,  and  yet  have  got  scurvy.  The  attirches  al^o  have  been  given  in 
quite  sufficient  amount  without  preventing  it.  It  seems,  indeed,  clear  thiit 
it  is  to  the  absence  of  .some  of  the  constituents  of  the  fourth  dietetic  grouj^, 
the  inalts,  that  we  must  look  for  tho  cause. ^ 

Facts  seem  to  show  with  certainty  that  in  tlie  diet  which  gives  scurv^r 
there  is  no  dt;ficiency  of  soda  or  of  iron,  lime,  or  magnesia,  or  of  chloride  of 
sodium.  Nor  is  the  evidence  that  salts  of  potash  or  phosphoric  acid  are 
deficient  at  all  satisfactory.  iVnd  when  w^e  think  of  the  quantity  of  phos- 
phoric  acid  which  must  have  been  supplied  in  many  diets  of  meat  and 
cerealia,  which  yet  did  not  jirevent  scurvy,  it  seems  very  unlikely  that  the 
absence  of  the  phosphates  can  have  anything  to  do  with  it.- 

The  same  may  hv  said  of  sulphur.  Considering  the  quantity  of  meat  and 
of  Iegumiiios£e  which  some  scorbutic  paticnta  have  taken,  it  is  almost  impos- 
sible that  deficiency  in  aulphur  should  have  been  the  caiise. 

liy  exclusion,  we  are  led  to  the  opinion  that  if  the  cause  of  scm-vy  is  Im 
bo  found  in  deficiency  of  salts,  it  must  be  in  the  salts  whose  acids  form 
carbonates  in  the  system.  For,  if  we  are  right  in  looking  to  a  deficiency 
in  the  fourth  class  of  alinientaiy  principles  as  the  cause  of  scurv)%  and  if 
neither  the  absence  of  soda,  potash,  lime,  magnesia,  iron,  sulphur,  or  phos- 
phoric acid  can  bo  the  caitse,  then  the  onl}^  mineral  ingredients  which  remain 
are  the  combinations  of  alkalies  with  those  acids  which  form  carl^onates  in 
the  system,  viz.,  lactic,  citric,  acetic,  tartaric,  and  malic.  That  these  acids 
are  most  hnportant  nutritional  agents  no  one  can  doubt.  The  salts  contain- 
ing them  are  at  first  neutral,  afterwards  alkaline,  from  their  conversion  inU:* 
carbonates;  they  thuH  play  a  douhie  part,  and,  moreover,  when  free^  and  in 
the  presence  of  albumin  and  chloride  of  sodium,  these  acids  have  peculiar 
powers  of  precipitating  albumin,  or  perhaps  of  setting  free  hydrtachloric  acid, 
Wliatever  may  bo  theu*  precise  action,  their  value  and  necessity  cannot  be* 
doubted.     Witliout  them,  in  fact,  one  sees  no  reason  why  there  should  not 

*  For  A  good  deal  of  evidence  up  to  184S|  reference  inaj-  be  innde  to  a  Review  on  Scurvy-, 
contributetl  by  I>r  Parkes  to  the  British  and  Foreitfn  M^dtCfi-Vhimrgicftl  ftn^ew  in  that  s  '  ^ 
The  evidence  since  that  period  hoA  added  little  to  our  kuowkdge,  except  to  show  ihnt  tli> 
uervative  and  curative  powers  of  fresh  meat  in  Lirge  quantities,  and  ejipeciftlly  raw  lii^^i 
(Kane's  Arctic  Exfmditiouy,  will  not  only  prevent,  hut  will  cure  scurvy^  Kane  found  Uie  raw 
meat  of  the  walrus  n  e^^rUiiu  ^Mire.  For  the  mo-it  recent  eviUtjnce  and  mneh  valualjle  infoT'^ 
Qiatipn,  see  the  Eefyort  of  the  Admiralty  Committer  on  iht  Snurvy  which  occurred  in  thi 
Arctic  Expedition  o/ 1875-76  (Blue- Book,  1877|- 

a  Professor  Galloway,  of  Dnblin,  and  Mr  Anderson,  of  Coventry,  bave  both  written  pwn« 
phletH  umiug  the  claims  of  [KitfLsh  and  phoaphoric  acid  to  attention,  but  without  bringloig  my 
freah  evidence  of  antllciisnt  ijuportwice  to  support  their  views. 
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acid  in  tlio  system^  iis  during  nutrition  a  contimial 
_  cess  of  acids  (phosphoric,  sulphuric,  uric,  hippuric)  is  produced,  suificient, 
even  when  the  salts  with  deconxposable  acid  are  supplied,  to  render  all  ex- 
cretions (uriniiry,  cutaneous,  intestinal)  acid.  The  only  mode  of  supplying 
idkidi  to  the  acids  formed  in  the  body  is  by  the  action  of  the  phosphates, 
wlxich  is  limited.  The  only  manufacture  of  alkali  in  the  Ixxly  is  the  forma- 
tion of  ammonia,  so  that  these  salts  are  most  important  as  antacids.  Yet  it 
is  not  solely  the  aljsence  of  alkali  which  pinsduces  scun^,  else  the  disease 
would  l>e  prevented  or  cured  by  supply  of  pure  or  carbonated  alkalies,  which 
is  not  the  case. 

When,  in  pursuing  the  argument,  we  then  inquire  whether  there  is  any 
proof  of  the  deficiency  of  these  particular  acids  and  salts  from  the  diets  which 
cause  scurv>%  we  hntl  the  strongest  evident^e  not  only  that  this  is  the  case, 
but  that  their  addition  to  the  diet  cures  scurvy  with  great  certainty.*  TFiey 
will  not,  of  course,  cure  coincident  starvation  arising  from  deficiency  of  food 
generally,  or  the  low  int^^rcurrent  inflammations  which  occur  in  scurvy,  or 
the  occasionally  attendant  purpura,  but  the  true  scorbutic  condition  is  cure<l 
with  certuinty. 

Of  the  live  acids,  it  would  appear  unlikely  that  the  lactic  sliould  be  the 
most  efficacioua  If  st»,  how  is  it  that  in  etaroli  food,  during  the  digestion  of 
which  lactic  acid  is  probably  formed  in  large  quuatities,  scurvy  should  occur  ? 
Is,  in  such  a  case^  an  alkali  necessary  to  insure  the  change  of  the  acid  into  a 
f'arbonate  T 

Vinegar  is  an  old  remedy  for  scurvy,  and  acetic  acid  is  known  to  be  both 
a  preventive  of  (to  some  extent)  and  a  cure  for  scur\^.  But  it  has  always 
been  considered  much  inferior  to  both  citric  and  tartaric  acids.  Possibly, 
116  in  the  Cfise  of  lactic  acid,  an  alkah  should  be  supplied  at  the  same  time, 
80  as  to  enable  the  acid  to  be  more  rapidly  transformed. 

Tartaric  and  (especially)  citric  acids,  when  combined  with  alkalies,  have 
always  been  considered  to  be  the  antiscorbutic  remediej?  par  ejcceUmct*,  ami 
the  evidence  on  this  point  seems  veiy  complete.^ 

Of  malic  acid  little  is  known  m  an  antiscorbutic  agent,  but  it  is  well 
>rorthy  of  extended  trials, 

>  Thia  was  most  clearly  bLowu  in  the  lost  Arctic  Ex})edition  (1875-76).  The  rations  on 
boiard  flhip  during  winter  wure  ampl»^  containing  dried  potatoei)  and  other  TBig^tablea,  pre- 
MTVcd  vmtAbles,  pickles,  bottled  fruit'i,  viuegur,  and  a  <lflily  ration  of  lime  jnioe,  betidea 
TBiidiis  VM  camuit8,  lu  tlie  sledge  expedition s  all  the^e  were  cut  off  except  two  ounces  of 
preserred  potatoes,  an  inadequate  mtion  under  any  circumstaucei^.  The  meat  w&s  pemmican 
and  bacoUf  and  there  waa,  of  course,  no  fresh  brcatl.  The  re-^ult  wa»  that  this  imperfecrt  diet, 
conjoined  with  mosl  lalK>noaji  work,  produced  a  severe  outhrvak  of  icurvy,  vrhich  nearly 
proved  fatal  to  the  whole  f»arty.  The  rapidity  with  which  the  sick  recovered  on  being  sup- 
pIiL*d  with  lime  juice  and  more  favourable  diet,  was  noticeable  (see  /^e/wrt,  op,  ciL), 

Cane?*  are  occAsionally  reported  in  which  even  faUl  rtisulti  are  Haid  to  have  taken  place  in 
soik'  of  !?ufficient  vegetable  diet  (nee  Dr  UuiUeiimnrn  Crui-te  iif  ihr  J/wrcA^wi,  vol,  ii.  \\,  SfiSV 
UnleA'4  such  case.s  are  re^^oriied  with  nnich  {greater  fulneis?*  of  dctait  than  ii*  usimlly  done,  but 
littlt!  value  can  be  attached  to  them.  At  the  :$ame  time  it  itt  well  not  to  lo^  ^ight  of  possibte 
esoeptions  to  the  rule  that  vegetable  diet  of  tbc  proper  kind  i<  a  pretty  certam  cure  for,  aa 
well  tt  prophylacttc  nprtvin*!,  true  Hcnrvy. 

3  It  is  based  on  ;  >    exi>eri«iiice,  and  should  not  lie  si  i  '  of 

m#'n  who  have  set  or  four  tyis.«a  of  scurvy^  often  •  it 

bave  been  bemi  [i ,  ,.iaon  juice.    The  progresiji  of  prevt::  lj  ly 

irtiouN  drawn  from  a  very  limited  experienc«,  yet  made  with  great  uouhdem?*.  Wc  iinist 
ember  that  many  caae^i  of  scurvy  are  complicated —that  the  true  scorbutic  condition, 
litioOi  and  low  inflammation  of  varions  organs,  Itmg^  spleen,  liver,  and  musdes,  may  be 
nil  present  at  the  same  time.  Bee  paper  by  Dr  Ralfe,  of  the  Seamen*^  Uo^ipital  (1877, 
reprintod  firom  the  LafuH).    The  Merchant  Shipping  Act  of  1867  was  soon  folio  wed  by  a 

Seat  decTva^  of  scurvy  in  our  mercantile  marine ;  liut  since  1873  there  has  l)eeu  a  nteady 
crejiae,  which  hua  been  attributed  by  Mr  TliomaM  Gray  (see  Official  Memorandnm  on  Sta 
Scttmty  and  Food  ScaU*.  1882)  to  want  of  more  varied  food  acalca.  It  may.  howev<fr»  have 
reanltetl  from  neglect  of  lime  juice,  or  Uie  ui»e  of  a  damaged  article  (sen  British  MMical 
Journal,  Sept.  18&). 
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Deficiency  of  fresh  vegetal >les  unpHea  deficiency  in  the  salts  of  theBe 
acida,  and  scurvy  ensues  with  certainty  on  their  disuse.  Its  occurrence  ig, 
however,  greatly  aided  by  accessory  causes,  especially  deficiency  iii  food 
generally,  by  cold  and  wet,  and  mental  and  moral  depre^ssion* 

The  preventive  measures  of  scurvy  are,  then,  the  supply  of  tlie  salts  of 
eitric,  tartaric,  acetic,  lactic,  and  malic  acids,  and  of  the  acids  theniselvee, 
and  perliaps  in  the  order  here  given,  and  Ity  the  avoidance^  if  it  can  bo 
done,  of  the  other  occasional  causes. 

Experience  seems  to  show  that  the  supply  of  these  acids  in  the  juice-s  of 
the  freflli  succulent  vegetables  and  fruits,  especially  the  potato,  the  cabl>ag€, 
orange,  lime,  and  grape,  is  the  tet  form.  But  freah  fruits,  tubers,  roots,, 
and  leaves  are  better  than  seeds.  The  leguminosae,  and  many  other  vege- 
tables, are  useless  ;  so  also  are  the  cere-als. 

Fresh^  and  especially  raw  me^it  is  also  useful,  and  tills  is  conjectured  to 
be  from  its  amount  of  lactic  or  paralactic  acid  ;  but  this  is  micertain. 

The  dried  vegetables  ^  are  also  antiscorbutic,  but  far  le^s  so  than  the  fresh  ; 
and  the  experience  of  the  American  War  was  not  so  favourable  to  them  ae 
might  have  been  anticipated.  PoRsihly  the  citric  and  other  acids  decom- 
pose by  heat,  or  on  keeping  ;  as  is  known  t4)  be  the  case  in  lemon  juice. 

The  measures  to  be  adopted  ui  time  of  war,  or  in  prolonged  sojourn  on 
board  ship,  or  at  stations  where  fre^h  vegetables  are  scarce,  are — 

1.  The  supply  of  fresh  vegetables  and  fruits  by  all  the  means  in  our 
power.  Even  unripe  fruits  are  lietter  than  none,  and  we  must  risk  a  little 
diarrhcea  for  the  sake  of  their  antiscorbutic  properties.  In  time  of  war 
ei*e7*i/  vegetable  should  be  used  which  it  is  safe  to  use,  and,  when  made  ijit*i 
soupt^,  almost  all  are  tolerably  pleasant  to  eat.  Even  the  skins  of  many 
fruits,  bruised  and  made  into  a  drink  witli  water,  are  useful. 

2.  The  supply  of  preserved  or  dried  vegetibh'S,'  especially  potato,  cablmgc, 
and  cauliflowers ;  turnips,  parsnips,  i%c.,  are  ]>erhap8  h^ss  useful ;  dried  peas 
and  beans  are  useless.  As  a  matter  of  precaution  these  preserveii  or  ilriod 
vegetables  should  be  issued  early  in  a  campaign,  but  should  never  supersede 
the  fresh  vegetables. 

3.  Good  lemon  juice  should  be  issued  daily  (I  oz,),  and  it  should  be  aMm 
that  the  men  take  it, 

4.  Vinegar  (h  oz,  to  1  oz.  daily)  should  he  issued  with  the  rations,  and 
used  in  the  cooking. 

Military  Olihthalmia. 

The  term  **  military  ophthalmia  ^*  is  often  applied  particularly  to  timt 
disease  in  which  the  peculiar  gi'ey  gi'anulations  form  on  the  palpebral  con- 
junctiva. But  any  severe  form  of  purulent  ophthalmia  spreading  in  a  regi- 
ment is  often  classed  imder  the  same  headhig.  Diseases  of  the  eyes  wefe 
formerly  a  source  of  very  considerable  inefticiency  in  the  anny.* 

1  PreserviMl  veg«tiitile4t  are  of  a  much  higlior  antiscorbutic  v&tue,  but  they  occupy  w,  mtLoh 
greater  bulk, 

'  Probably  dried  friiita,  such  aa  mii^ius  and  currants  (which  contain  some  acid  and  7ige> 
tablv  aalts)  are  umeful  au  antiKcorbuticsi.  Tho  Amurieaii  petnmiean  contaiaa  them,  and  Bieii 
are  ajud  to  live  upon  it  for  months  t<pgetht^r  without  8un«riijg  from  scunry*  It  appe&ri  to 
bftv«  bMn  that  kind  of  i>eiiiaitcau  on  whiuh  the  crew  of  the  "  Polaris  "  lived,  who  ilnfted  ati 
an  l^berg  for  six  months.  Oth^^r  dried  fruits,  such  as  apples,  would  probably  aliK»  be  effi> 
CActoua.    In  the  Nilu  Expedition,  ISSi,  jam  was  iB^iued  a^  a  ratiou  for  the  same  object 

'  As  giving  a  good  survey  of  military  ophtlialiiaia  in  the  Brithib  army,  the  oxcelleBt  p^peo 
of  Dr  Frank  {Armf  Mtdical  Report  for  1860)  and  Dr  Marstow  (Beale's  ATchi\>es)  ahould  be 
al!»o  referred  to.  A  very  Intemtjllg  paper  has  alao  been  pablished  by  Mr  Welch  (MedloU 
m^^,  formorly  22nd  Regiment)  Antif  Medical  Report,  voU  v.  p,  494,  1865),  on  iht  **CmnMm 
aiding  the  Development  of  Granulations  mi  Malta.'"  A  warm,  moist,  impiuv  atiiiosph«re  la 
ahown  to  have  a  great  inituenoe. 
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The  im]X)rtaiit  poinis  with  regard  to  this  dLsease  arc — firaiy  that  it  is  con* 
tiigious^  that  1:5,  transmissihli* ;  aiitl»  secondly,  that,  if  not  produced,  its  trans- 
mLs!^il>ility  is  singularly  aided  by  bad  ventilation,  ajid  overcrowding. 

Tlie  preventive  measures  to  be  adopted  are — ■ 

L  Good  VentUatktn  ami  Purity  of  tlie  Air. — ^In  the  Hanoverian  Anay, 
StTOiiieyer  reduced  the  number  of  cases  in  an  extmordinary  degree,  simply 
by  good  ventOation.  The  only  explanation  of  thia  must  Im*,  that  the  dried 
particles  of  pus  and  epithelium,  instead  of  aceumulating  in  the  room,  were 
curried  away,  and  did  not  lotlge  on  the  eyelids  of  the  healthy  men.  The 
evolution  of  ammonia  from  decomposing  urine  has  also  been  assigned  as  a 
cause. 

It  woidd  appear  likely  tliat  bad  barrack  air  predisposes  to  granular  con- 
junctivitis by  producing  some  peculiar  state  of  the  palpebral  conjunctiva 
and  glands  {Strom eyer  and  Frank),  and  if  a  diseased  person  then  introduces 
the  specific  disease,  it  spreads  with  great  rapidity,  but  this  should  never  be 
allowed  to  occur 

2.  Carfful  AUutum  Arrangements. — An  insufficient  quantity  of  water  for 
cleansing  basinsj  and  the  use  of  the  same  towels,  ai'e  great  means  of  spread- 
ing the  dLsease  if  it  has  been  introtluced.  ^Vlienever  men  use  the  same 
basins,  tliey  should  be  taught  1<j  thoroughly  cleanse  them  ;  and  it  would  be 
well  if»  in  every  mUit;iry  ablution  room,  the  men  were  taught  not  only  to 
allow  tlic  dirty  water  to  run  away,  but  to  refill  the  basin  with  water,  which 
the  next  coiner  would  let  oti^  before  filling  with  fresh  wat^er  for  himself.  If 
some  mechanism  could  be  devised  for  this,  it  would  be  very  useful  The 
same  towel  is  a  most  common  cause  of  propagation ;  or  a  diseased  man 
using  always  the  same  towel  may  reinoeulate  himself.  The  towels  should 
be  disinfoct<xl  by  boihng  and  very  frequently  washed  (probably  every  day), 
and  shi^uld  be  dried  in  the  oj-kju  air,  never  in  the  abhiti<ai  room  or  barrack* 

3.  In  some  cases  the  use  of  the  bediling  (pillows  and  pillow  cases)  which 
has  been  used  by  men  with  grey  granulations  has  given  the  disease  to  othei's, 
and  this  has  especially  occurred  on  board  transports.  In  time  of  war  eape- 
cially  this  should  l>e  looked  to.  If  any  cases  of  ophthalmia  have  occurred  on 
lx>aid  ship,  all  the  pillows  and  mattresses  should  be  disinfected,  washed,  and 
thoroughly  aired  and  beaten.  The  transference  has  been  in  this  case  direct, 
particles  of  pus,  l\:c.,  adliering  to  the  pillow  and  mattresses,  and  then  getting 
into  the  eye^  of  the  next  comers, 

4.  Immediately  the  disease  presents  itself,  the  men  should  be  completely 
isolated,  and  allowed  to  have  no  communication  vdih  their  comrades.  It 
has  been  a  great  question  whether  a  Government  is  justified  in  sending 
soldiers  home  to  their  friends,  as  the  disease  has  been  thus  carried  into  i>re- 
viouflly  healthy  villages.  It  woidd  seem  clear  that  the  State  shoidd  bear  it^ 
own  burdens  and  provide  means  of  isolation  and  perfect  cure,  and  not  throw 
the  risk  on  the  friends  and  neighbours  of  the  soldier. 

An  important  matter  to  remember  in  connection  with  grey  granulations 
is,  that  relapees  are  very  frequent;  a  man  once  affected  has  no  safety 
(Warkimont) ;  simple  causes  of  catarrh  and  inllammation  may  then  rein- 
duce  the  specific  grey  granidations  'with  their  contagious  characters;  so 
that  a  man  who  has  once  had  the  disease  is  a  source  of  danger,  and  should 
be  watched. 

As  an  instance  of  the  g(K)d  effect  of  these  simple  measures  of  sanitation 
may  be  mentioned  the  fact  that  in  the  expedition  to  Iilgypt  (where  ophtlialmia 
is  endemic),  in  1801,  this  disease  was  the  most  formidable  of  all,  after  plague, 
and  of  the  Indian  contingent  alone  fifty  were  invahded  blind  ;  while  in  the 
1882  campaign  in  the  same  country,  although  there  were  many  (1145) 
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admksions  for  ophthalinia,  and  thuiigli  tlie  disease  was  equally  endemic  in 
the  country  (as  shoviia  by  the  condition  of  the  native  population),  not  a 
single  man  lost  his  sight. 


Venereal  Duectses  in  ike  Armtf, 

It  is  convenient  for  our  purpose  to  put  together  all  diseaaes  arising  from 
impure  sexual  intercourse,  whether  it  take  the  form  of  sore  or  of  urethrAl 
discharge. 

In  the  anny,  men  enter  the  hospitil  from  these  causes,  and  from  the 
remoter  effects  of  gonorrhoja  or  aypliilis,  orchitis,  gleet,  stricture,  bladder 
and  kidney  affection;  or  syphilitic  diseases  of  the  skui,  bones,  eyes;,  and 
internal  organs. 

The  gross  amount  of  inefficiency  in  the  army  is  tolerably  well  known, 
but  the  comparative  amount  of  army  ami  civil  venereal  diseases  is  not  known, 
because  wc  have  no  statistics  of  the  civil  amoimt.  It  is  no  doubt  great  It 
is  a  question  whether  a  large  majority  of  the  yoimg  men  of  the  upper  and 
middle  classes  do  not  suffer  in  youth  from  some  form  of  venereal  diseiAse.  In 
tlie  lower  classes  it  is  perhaps  equally  common. 

The  sequences  are  most  serious;  ueglected  gleet,  stricture^  secondary  and 
tertiary  syphilis,  are  sad  prices  to  pay  for  an  unlawful  {in  some  cases  a  mo- 
mentary) gmtification  ;  and  in  the  army  the  8tate  yearly  suffers  a  large 
pecuniary  loss  from  inefficiency  and  early  invaliding.  In  campaii^'us  the 
inefficiency  from  thi^  cause  has  sometimes  been  great  enough  to  alarm  the 
generals  in  command,  and  to  increa^se  considerably  tlie  labour  and  sufferings 
of  the  men  who  are  not  affected. 

The  preventive  measures  against  venereal  diseases  are : — - 

1.  Continence. — The  sexual  passion  in  most  men  is  very  strong-^strong 
enough  indeed  to  lead  men  to  defy  all  dangers,  and  to  risk  all  consequences. 
It  has  been  supposed  by  some  that,  hi  early  manhood,  continence  is  im- 
possible, or,  if  practised,  is  so  at  the  risk  of  other  habits  lieing  formed  which 
are  more  hurtful  than  sexual  int<^rcourse,  with  aU  its  dangers.  But  this  is 
surely  an  exaggi^ratinn ;  the  development  of  this  passion  can  be  accelcntttMl 
or  delayed,  excited  or  lowered,  by  various  measures,  and  continence  becouies 
not  only  possible^  but  easy. 

For  dehiying  tlie  advent  of  sexual  puberty  and  desire,  two  plans  can  be 
suggested — absence  from  exciting  thoughts  and  temptation,  and  the  sj^ 
tematic  employment  of  muscular  and  mental  exercise.  The  minds  of  the 
young  ^e  often  but  too  soon  awidvoned  to  such  mattei'Sj  and  obscene  com- 
panions or  books  have  lighted  up  in  many  a  yoiithfid  breast  the  fru-ft-mfer 
which  is  more  dangerous  to  many  a  man  than  the  sharpest  lire  of  the  battle- 
field would  be.  Among  young  soldiers  this  is  especially  the  case  ;  while,  in 
spite  of  the  exciting  literature  of  the  day,  and  of  tlie  looseness  of  some  of 
the  older  boys  at  the  public  schools,  or  at  the  universities,  the  moral  tone  of 
the  young  gentlemen  of  our  day  is  better  than  it  was  some  half  century  ago, 
the  conversation  of  the  classes  from  which  the  soldier  is  drawn  is  still  ernirse 
and  lewd  as  in  the  middle  ages.  There  is  too  close  a  mixture  of  the  sexes 
in  the  English  cottages  for  much  decency,  and  the  young  recruit  does  not 
often  require  the  tone  of  the  barrack  to  destroy  bis  modesty.  In  fact,  it  is 
possible  that,  in  good  regiments,  he  will  find  a  higher  moral  tone  tlian  in  the 
factory  or  the  harvest  field. 

We  must  trust  to  a  higher  cultivation  and  moral  training  to  introduce 
among  the  male  youth  of  this  nation,  in  all  its  grades,  a  purer  moral  tone. 
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In  tlie  anny,  the  example  of  the  otiicei's,  and  their  exertions  in  this  way, 
wonlil  «lo  great  things,  if  we  coultl  hope  that  the  high  moral  tone  which 
happily  exists  in  some  cases  could  inspire  all. 

It  is  not  the  less  necessaiy  to  save  tlie  young  from  direct  temptation.  The 
youth  of  this  nation  are  now  sorely  temp  ted  ^  for  in  our  streets  prostitution 
is  at  every  corner.  Whatever  may  ]je  the  ohjection  to  police  regulations,  we 
have  surely  a  right  to  demand  that  the  present  system  of  temptation  shall  he 
iiltereth  It  may  not  be  easy  to  exclude  all  prostitutes  especially  of  the 
better  chiss  (whose  calling  is  less  easily  brought  home  to  them),  from  public 
thoroughfares,  but,  practically^  open  prostitution  can  be  recognised  and  made 
to  disappear  from  our  streeta  It  has  been  said  our  police  regulations  are 
authcient  for  this ;  they  have  never  yet  proved  so ;  and  in  no  European 
country  but  England  is  prostitution  so  ope^n  and  so  nndisguised,* 

In  the  Acts  passed  in  1864,-  1866,  and  1869,  and  in  the  Licensing  Act  of 
1872,antliority  was  ttikcn  to  prevent  prostitutes  from  lussemblingin  the  public- 
houses,  and  to  a  certain  extent  source.^  of  temptation  were  removed.  Un- 
fortunately, the  legislature,  listening  to  the  senseless  ontcry  of  a  section  of 
the  iwpulation,  hus  since  repealed  these  important  Acts. 

As  aids  to  continence,  great  physical  and  mental  exertion  are  most 
powerfuL  It  would  seem  that,  during  great  exercise,  the  nervous  energy 
is  expended  in  that  way,  and  erotic  thoughts  luid  [iropensities  are  less 
prominent,  so  also  with  mental  exercise,  in  perhaps  a  leas  degree.  The 
estal>liahment  of  athletic  sports,  gymnasia,  and  coinfortidjle  reading-rooms 
in  the  army  may  be  expected  to  have  some  iuHuence. 

Temperance  is  a  great  aid  to  continence.  In  the  army  the  intemperate 
men  give  the  greatest  number  of  case^  of  syphilis ;  imd  when  a  man  gets 
an  attackt  it  is  not  infrequently  found  that  he  was  dmnk  at  the  time. 

The  measures  which  prtjmote  continence  are  then — 

(a)  The  cultivation  of  pure  thought  and  conversation  among  the  young 
Dldiei"s,  by  every  means  in  our  power. 

(b)  Removing  temptiition. 

{c)  Constant  and  agreeable  employment,  bodily  and  mentally;  as  idle- 
ness is  one  great  cause  of  debauchery* 

(d)  Temperance. 

2.  Marriage. — It  is  very  doubtfid  whether  tliose  who  condemn  early 
marriages  among  the  working  clsiss,  on  account  of  impro\idence,  are 
entirely  right  in  their  argument  The  mond  effect  of  prolonged  ce!il>acy 
has  seldom  l>ecn  considered  l>y  them.  Probably  the  early  marriages  are 
the  salvation  of  the  working  youth  of  this  countrj^;  v\i\\\  in  the  present 
condition  of  the  lalwur  market,  the  beat  thing  a  working  man  can  do  is  tis 
early  as  |jos8ible  to  make  his  home^  and  to  secure  himself  both  from  the 
tempt  it  ions  and  expenses  of  bachelorhood.  In  the  case  of  the  soldier  the 
conditions  were  formerly  ditierent  for  diff<^reiit  men :  the  private  soldier 
who  liad  enlistcnl  for  long  ser^nce  (twelve  years,  and  prospect  of  reuewid) 
could  not  marry  for  seven  years,  and  then  only  7  per  cent,  could  marry 
with  leave.     It    was    diHicnlt   to   avoid  this,   and  &e  consequences  were 


1  The  tiflect  of  thii  upon  the  virtnmi*  f<?m<%lf»  TwiptiKtioM  in  very  HerioiiB,  Every  s^rvunt  in 
London  »««*  the  line  clothe*  Ri J  I  '  '    *  '    < -*  of  thi?  w  r     i    '   -'  ,, 

and  knows  that  0<!GiMiioD&Uy  t'  vice.    WL  i 

abandon  the  hard  work  and  tti  .     ^  urt!rri  of  ^^  i  ly 

tho  Imght  side  I  It  is  a  temtttMLiau  iruui  wLu-h  tUti  i>U*L«i  tihuuld  snve  her.  Slit>  okgiiid  a*e 
prostitution  iw*  a  degraded  caUiuji^  only,  with  itn  niatrictioim  iiud  its  inconveuience** 

*  An  Act  fiif  the  Prtventitm  o/  Conta^iam  IHsfosesai  Cai^m  AanU  ami  Military  SkUUmM. 
1804  ;  an  .1  d  fm  the  Jklter  Prteetiiiim,  ctr.,  18<W  (ciU-d  as  (Sfhtagious  DisauetAet,  18tf«).  All 
thews  »re  now  TepcaJcd. 
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certainly  most  serious*  Under  the  new  system  of  seven  years*  enlistment* 
and  passofje  inter  the  reserve,  a  soldier  will  not  maiTy  at  all,  and  it  is  of 
course  desiralile  he  ahouhl  not  di>  so.  If  he  enliste  at  nineteen,  at  twenty* 
six  he  will  be  free ;  and  if  kept  in  full  occupation,  and  as  far  as  po^ble« 
shielded  from  temptation,  the  burden  of  oelihaey  will  not  weigh  upon  him. 
Continence  would  be  desirfible  for  his  healthy  and  for  the  welfare  of  his 
future  oirisprinf;^.  The  short  service  now  introduced  may  indeed  greatly 
influeuce  this  matter,  and  certainly  ha.s  removed  from  pressing  discusj^ion 
tlie  question  of  marriage  in  the  infantry  of  the  army. 

3.  Precautiofis  ar/armt  (he  Du^^asf. — Admitting  that,  in  the  case  of  a 
body  of  unmamed  men,  a  certtun  amount  of  prostitution  will  go  on,  some- 
thing may  be  done  to  jjrevent  di^seiise  by  extreme  cleanline^  instant  aldti- 
tion,  and  hy  the  nse  uf  zinc,  alum,  and  iron  washes,  or  similar  lotions  after 
connection^  and  by  the  constant  ujso  hy  prostitutes  of  similar  washes.  It 
may  sei?m  an  oJfenec  against  morality  to  speak  of  such  things ;  but  we 
must  deal  mth  things  tm  they  are  ;  and  our  object  now  is  not  to  enforce 
morality,  but  to  prevent  disease.  Tlae  use  in  brothels  of  these  measure** 
apjK^ars  to  he  more  efficacious  than  any  other  plan.  In  some  of  the  French 
towns  the  use  fif  lotions  and  washings  is  rigorously  enforced,  with  the  effect 
of  lessening  disease  considerably. 

4.  D^ftxtion  and  Cure  of  DUcasfd  Men  and  Wornen. — In  the  case  of  the 
soldier  who  has  medical  advice  at  hund^  it  seems  of  the  greatest  importance 
to  have  insttmt  medical  aid  at  tlie  tirst  sign  of  disease.  But,  instead  of 
tliis,  the  soldier  conceals  his  ailment  as  long  as  possible,  because  he  will  bo 
sent  to  hospital,  put  under  stoppages,  Ac,  A  former  regulation  made  this 
even  more  stringent,  but  it  is  now  happily  rescinded.  The  soldier  should 
lie  encouraged  to  make  immediate  application,  and  he  should  certainly  not 
be  punished  for  a  faidt  which  his  superiors  commit  with  impmiity,  and  f«>r 
which  the  State  is  in  part  answerable  by  enforcing  celilmcy.  Our  object  is 
to  preserve  the  man's  health  and  services  for  the  State ;  we  shall  not 
accomplish  this  by  ignoring  what  is  a  common  consequence  of  his  conditions 
of  service. 

It  Ikis  been  proposed  to  detect  and  cure  the  disease  in  prostitutes.  A 
grcxit  out^Ty  has  been  raised  against  this  propusid,  which  is  yet  a  matter  of 
precaution  which  the  State  is  surely  boimd  to  take.  A  woman  chooses  to 
foUow  a  dangerous  trade — as  dangerous  as  if  she  stood  at  the  corner  of  a 
street  exploding  gunpowder.  By  practising  this  trade  she  ought  at  once 
to  bring  herself  mider  the  law,  and  the  State  must  take  what  precautions 
it  can  to  prevent  her  doing  mischief.  The  State  cannot  prevent  prostitu- 
tion. We  shall  see  no  return  to  the  stem  old  Scandinavian  law  which 
punished  the  prostituti?  with  stripes  and  de^ith ;  but  it  is  no  more  inter- 
ference with  the  liberty  of  the  subject  to  prevent  a  woman  from  pn> 
pagating  syphilis  than  it  would  be  to  prevent  her  propagating  smalJpox. 

This  interference  with  the  propagation  of  venereal  disettse  is  now 
unhappily  at  an  end,  and  all  the  Acts  for  tlie  purpose  are  erased  from  tlio 
Statute  Book,^  the  compulsory  examination  having  been  previously  abolished 
in  May  1883. 

1  TbcMHi  persons  who  shut  tbeir  eyes  to  the  enormous  pro^ititutioa  of  thiA  ooontry,  as  of  4ll 
othtirs,  or  think  nothing  can  be  done  becaiise  it  is  impossible  to  deal  with  private  or  "  «ly  ** 
lirostitutiou,  and  willi  the  higher  grades  of  the  calling,  ahcralJ  rt^niember  that  botxw  move- 
ment in  the  interest  of  the  nuhuppy  girla  themBGlves  i»  necessary.  In  the  low  ^-  *'  '  -», 
Loaclon  the  system  in  a  moj^t  cruet  one.     A  ^rl  lb  at  fir»t  well  treated,  aud  encoin  ] 

Into  debt  to  lier  em  ploy  nr.     As  soon  jw  she  la  fairly  involved,  ahe  is  m  slave  ;  tber»  t 

till  lihe  can  make  no  more  money,  when  she  is  cast  out.    Snrely  something  should  be  du&« 
t©  BAve  her.    Possibly  it  uiight  Ih;  wdl  to  try  the  plan  of  recognising  no  debts  from  it  giii  la 
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After  the  passing  of  these  Acts  there  way  a  iuo8t  decided  decre^so  in  the 
number  of  piimary  ventfreal  sores  at  all  the  military  stations  under  the 
Acts,  compared  witli  non-protected  stations.^  And  tliis  was  the  more  satis* 
factory  because  tlie  frequL'Ut  movement  of  the  troops,  and  the  number  at 
Btiitions  where  there  was  no  control  of  disease,  rendered  the  working  of  the 
Acta  dimcult- 

The  following  figures,  from  the  A,  M,  B.  Repoii  for  1882,  the  last  year 
of  complete  operation  of  the  Act^  are  quite  convincing. 

In  1882  there  were  lotirteen  stations  imdor  the  Contagious  Diseases  Act, 
with  a  mean  strength  of  41^783  m:en  ;  putting  against  these  all  other 
stations  not  under  the  Act^  with  an  average  strength  of  45,064  men,  we 
have  the  following  ratio  : — 


Admmion  per  1000  o/  Streuffth. 

Vrimaiy 
V>tierrjil  Sorct 

78 
.     124 


Fourt^^en  BtsHoiitii  under  tlio  Act,  1882, 
All  Qth&r  stetlont,  not  utidiT  the  Act,  1882, 


Oonorrln/ODii, 

100 
112 


It  must  be  remembered  that  gonorrhoea  was  not  touched  by  the  Act,  for 
want  of  hospital  accommodation,  so  that  the  nearly  equal  amount  of 
gonorrhoea  of  the  two  cla^Hcs  shows  that  the  enormous  lessening  of  primary 
venereal  sore  in  the  controlled  stations  was  o^ving  to  real  diminution  of 
syphilis,  and  not  to  lessened  frequency  of  intercourse.  This  is  proved  jigain 
by  the  following  figures  given  by  the  late  Dr  Balfour. 

In  1 864,  the  year  liefore  the  Act  came  into  operation^  the  average  admis- 
sions at  all  tlie  .'itationa  from  primary  venereal  sore  were  108'6  per  1000. 
In  1872,  at  tJje  unconti-olled  stations,  the  number  won  still  higher,  Ix-lng 
123 -2^  so  that  Hyphilis  had  not  declined  in  the  uncontrolled  stsitiona.  But 
in  the  control  let!  stations  in  1872  the  admiBs  ions  were  only  53*3.  Therefore, 
the  gain  to  the  State  in  the  controlled  stations  was  (108-9-53*3)  55  admia- 
sions  less  per  1000  of  strength  ;  and  in  a  mean  strength  of  50,000  men  the 
State  was  saved  the  cost  of  2750  cases  of  prinuiry  venereal  sore  in  that  year, 
and  the  men  were  saved  the  enormous  injury  to  their  health,  which  wotild 
otherwise  have  resulted. 

Let  the  facts  he  put  in  another  foi-m,  Tuking  the  first  S4?ven  years  that 
the  Acts  were  in  operation  (before  tho  introduction  of  the  stoppage  regu- 
lation in  1873),  viz.,  1865-72  (though  in  the  early  yeart?  the  operation  wae 
partial  and  imperfect),  we  have  the  following  figures : — 

Admimon  per  1000  of  Strtmffth  1865-72  indmivt. 

Prtniftfr  Sorea.       QonorrhcBa. 
103^  1117 


All  stations  not  under  the  Act  (nie»n  strength  I 
82,528  men),  ,  .  .       ( 

8tattoas  under  tlie  Act  (mean  strength  30J6A  \ 
men),  ,  ,  .  .  -       / 


62*8 


nS'O 


tlte  procureM  or  brothel -kcH^r,  and  to  also  derine  menna  for  at  once  giFinz  her  the  means  of 
releaee  from  her  life  il  &he  desires  it.  AJ«o,  if  wiich  hoiisi^ji  mu§t  exitit — and  who  cnti  vuQtnrQ 
to  hope  they  will  aot  ?— they  may  st  least  be  nimltj  less  indecent  quieter,  aud  safer  from 
theft  and  eyea  miinier.  At  present  the  8y>)tem,  air  it  exiAtA,  in  a  fficaDtic  scandal  to 
ClirUtianity,  and  Jeanners  singular  work  ha.**  shown  how  curiouf<  a  parallel  there  if*  between 
modem  proatitatioQ  and  that  which  dimmed  the  splendourt  anil  perhorw  haritened  the  fall* 
of  Inii^kcrial  and  Pagan  Home.  Eighteen  ooaturitss  after  the  death  of  uhnst,  are  we  still  at 
such  a  point? 

*  The  military  stationii  named  in  the  Contagiottx  DiaMses  Act  in  1366  were  Portamottth^ 
Plymouth,  and  Devonport ;  Woolwich,  Chatham,  and  Sheemeai ;  Alderehot,  Windsor,  Col* 
chmter,  ShomelilTe,  Curragh,  Ck>rk,  tod  Que«mitowa.  Others  were  aftersnrda  ftdded. 
Adjoining  parishes  were  in  many  caae^i  includexL 

-  For  the  statistics  of  this  question,  isee  Arm}/  Medkttl  Report  for  1880,  vol*  xxil  Pp.  12-17 
and  868-371. 
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There  was  therefore  a  practical  identity  in  gonorrhoeal  admissions,  but  the 
annual  admissions  for  primary  venereal  sores  were  reduced  in  the  con- 
trolled stations  by  40*3  per  1000.  In  the  eight  years  the  State  was  there- 
fore saved  very  nearly  10,000  cases  of  syphilis;  and  supposing  each  de- 
manded twenty  days  of  treatment  (which  is  moderate),  200,000  days  of 
sickness  have  been  saved  in  eight  years. 

Such,  then,  was  the  operation  of  the  Act  under  many  disadvantages,  but 
this  was  not  its  only  beneficial  effect. 

The  Act  at  the  large  stations  did  great  good  in  some  other  directions, 
especially  as  regards  the  women.  Many  women  were  reclaimed ;  the  horrible 
juvenile  prostitution  almost  ceased,  and  comparative  decency  was  taught  in 
the  hospitals. 

Taking  the  last  three  years  of  the  Acts  (1880-2)  we  have  : — 

Primary  Sores.  GonorrhoBft. 
All  stations  not  under  the  Act  (mean  strength!              ^qq  iia 

43,372),  .  .  .       / 

Stations  under  the  Act  (mean  strength  41,779),  76  100 

Lastly,  let  us  take  the  series  of  years  during  the  operation  of  the  Acts 
(19),  viz.,  1864-82  inclusive  (for  the  operation  of  the  stoppage  order  in 
1873-9  was  the  same  for  all). 

Primary  Sores.  Gonorrhcea. 
14  stations  not  under  the  Acts  (mean  strength!    ^^g  ,Qg 

18,486),!  .      J 

14  stations  under  the  Acts  (mean  strength  45,468),        61  95 

Difference,  55  11 

or,  90  per  cent.       12  per  cent. 

With  these  we  may  compare  the  years  1883  and  1884,  in  the  former  of 
which  the  Acts  were  practically  abrogated : — 

14  stations  not  under  the  Acts, 

14  stations  formerly  under  the  Act, 

»>  >>  >>  ft      •  '  • 

One  consequence  of  the  Contagious  Diseases  Act  was  to  make  public  the 
most  frightful  state  of  things  among  the  women  of  our  garrison  towns. 
The  vivid  picture  of  the  Chatham  prostitute's  life  drawn  by  Mr  Berkeley 
Hill  2  was  no  exaggeration.  Reports  from  the  Lock  hospitals  at  other 
places  would,  if  published,  have  borne  out  all  Mr  Hill  alleged.  Shocking 
as  these  disclosures  are,  and  mortifying  as  they  may  be  to  our  national 
pride,  it  is  by  far  the  best  plan  to  have  them  made.  An  evil  like  this 
must  not  be  treated  in  the  shade ;  it  will  never  be  overcome  till  the  public 
know  its  proportions ;  the  deadly  mists  which  cling  around  and  poison  the 
very  basis  of  society  can  be  dispersed  only  when  the  healing  light  of  the 
sun  falls  on  them.  It  was  encouraging  to  learn  that  the  effect  of  the  Act 
had  been  greatly  to  improve  the  manners  and  habits  of  the  women — to 
impose  some  restraint  on  them,  and  to  restore  to  them  something  that,  in 
comparison  with  their  former  life,  may  be  called  decency ;  and  the  regret  is 
proportionately  great  that  all  this  good  has  been  thrown  away. 

In  India  the  same  results  have  followed  on  the  abandonment  of  the  Con- 
tagious Diseases  Acts  there.     Sir  F.  Roberts  ^  shows  by  a  comparison  be- 

1  Data  are  notjp^ven  in  the  A.  M.  D,  Reports  to  enable  aU  the  stations  not  imder  the  Act 
to  be  considered  for  the  whole  of  these  years. 

2  British  Medical  Journal.  1867. 

3  Parliamentary  Paper,  No.  220,  June  18,  188a 
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tween  the  year  1883,  when  the  Acts  were  in  full  force,  and  the  year  1888 
when  they  were  suspended,  how  large  the  increase  of  venereal  disease  has. 
been  in  the  Bengal  Army.  At  no  station  in  1883  did  the  number  of  vene- 
real cases  of  sick  in  hospital  reach  30  per  cent. ;  at  only  two  stations  was  it 
over  25  per  cent,  while  at  some  stations  it  was  under  12  per  cent.  In  June 
1888  at  thirteen  stations  the  percentage  was  more  than  50;  at  a  great 
many  stations  it  was  just  under  50,  and  at  the  majority  of  the  remainder  it 
was  30  and  more. 

The  history  of  the  subject  in  Calcutta  ^  is  even  more  convincing.  The 
Acts  were  put  in  force  in  that  city  in  1869;  they  were  suspended  in  part 
of  the  city  in  November  1881,  and  in  the  entire  city  in  March  1883.  The 
following  figures  show  the  results  of  this  change. 

Cases  of  Venereal  Disease,  Batio  per  cent,  of  Garrison. 

Year. 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 

From  these  figures  it  is  apparent  that  syphilitic  disease  had  sunk  from  a 
high  ratio,  10  per  cent,  in  1868  to  a  low  one,  1*7  per  cent,  in  1880,  and  for 
two  years  it  had  only  been  1*4.  In  1883  it  rose  to  11  per  cent.,  and  in  1884 
to  30  per  cent.,  while  58  per  cent,  of  the  garrison  were  admitted  to  hospital 
for  one  form  or  other  of  venereal  disease. 

1  Blue  Book,  East  India  (Contagious  Diseases),  1888,  p.  64. 
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CHAPTER  XIX. 
STATISTICS. 

An  accurate  basis  of  facts,  derived  from  a  sufficient  amount  of  experience, 
and  tabulated  with  the  proper  precision,  lies  at  the  very  foundation  of 
hygiene,  as  of  all  exact  sciences.  Anny  surgeons  have  already  contributed 
much  important  statistical  evidence  as  to  the  amount  and  prevalence  of 
different  diseases,  and  it  is  evident  that  no  other  body  of  medical  practi- 
tioners possess  such  opportunities  of  collecting,  ^Wth  accuracy,  facts  of  this 
kind,  both  among  their  own  nations  and  others.  As  they  have  to  make 
many  statistical  returns,  it  seems  desirable  to  make  a  few  brief  remarks  on 
some  elementary  points  of  statistics,  which  arc  necessary  to  secure  the 
requisite  accuracy  in  collecting  and  arranging  facts.  But  it  is,  of  course, 
impossible  to  enter  into  the  mathematical  consideration  of  this  subject,  for  a 
separate  treatise  would  be  required  to  do  justice  to  it.^ 

1.  The  elements  of  statistical  inquiries  are  individual  facts,  or  so-called 
numerical  unitSy  which,  having  to  be  put  together  or  classed,  must  have  pre- 
cise, definite,  and  constant  characters.  For  example,  if  a  number  of  cases  of 
a  certain  disease  are  to  be  assembled  in  one  group  with  a  definite  significa- 
tion, it  is  indispensable  that  each  of  these  cases  should  be  what  it  purports 
to  be,  an  unit  not  only  of  a  definite  character,  but  of  the  same  character  as 
the  other  units.  In  other  words  an  accurate  diagnosis  of  the  disease  is 
essential,  or  statistical  analysis  can  only  produce  error.  If  the  numerical 
units  are  not  precise  and  comparable,  it  is  better  not  to  use  them.  A  great 
responsibility  rests  on  those  who  send  in  inaccurate  statistical  tables  of 
disease;  for  it  must  be  remembered  that  the  statist  does  not  attempt  to 
determine  if  his  units  are  correct ;  he  simply  accepts  them,  and  it  is  only  if 
the  results  he  brings  out  are  different  from  prior  results  that  he  begins  to 
suspect  inaccuracy.  2 

2.  These  items  or  numerical  units  being  furnished  to  the  calculator,  are  by 
him  arranged  into  groups;  that  is  to  say,  he  contemplates  the  apparently 
homogeneous  imits  in  another  light,  by  selecting  some  characteristic  which 
is  not  common  to  all  of  them,  and  so  divides  them  into  gi'oups.  To  take  the 
most  simple  case : — A  certain  number  of  children  are  bom  in  a  year  to  a 
given  iK)pulation.     The  children  are  the  numerical  units.     Tliey  can  then  l)e 

1  For  much  useful  information  on  this  subject  reference  may  be  made  to  Vital  StcUistics,  by 
Dr  A.  Newsholme,  1889.  The  selected  works  of  Dr  Farr,  edited  for  the  Sanitary  Institute  of 
Great  Britain  by  Mr  Noel  Humphreys  (1886),  may  be  referred  to  as  giving  many  admirable 
examples  of  what  statistics  ought  to  be. 

'■»  It  is  in  vain  to  conceal  the  fact  that  many  persons  look  at  tables  of  diseases  collected  indis- 
criminately  as  worse  than  useless,  from  errors  m  diagnosis.  Even  in  the  army  returns,  which 
are  all  funiished  by  Qualified  practitioners,  there  is  reason  to  doubt  the  correctness  of  the 
earlier  tables  especially.  But  it  is  believed  that  the  army  returns  of  diseases  are  now  gaining 
in  accuracy,  and  it  cannot  be  too  strongly  urged  on  medical  officers  that  perfect  accuracy  in 
diagnosis  is  a  duty  of  the  highest  kind.  It  is  much  better  to  have  a  large  heading  of  undeter- 
mined diseases  than,  when  in  doubt,  to  put  a  case  of  disease  under  a  heading  to  which  it  bad 
no  unequivocal  pretensions.  It  is  greatly  to  be  regretted  that,  from  the  abrid^  form  in  which 
they  are  now  published,  much  valuable  information  is  now  no  longer  obtainable  from  the 
Army  Meilical  Reports. 
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separated  into  groups  by  the  dividing  character  of  sex,  and  then  into  other 
groups  by  the  dividmg  character  of  "  bom  alive  "  or  "  still  bom,"  &c. 

Or,  a  number  of  cases  of  sickness  being  given,  these  numerical  units  (all 
agreeing  in  this  one  point,  that  health  is  lost)  are  divided  into  groups  by 
diseases,  &c. ;  these  groups,  again,  are  divided  into  others  by  the  character 
of  age,  &c. ;  and  in  this  way  the  original  large  group  is  analysed,  and  sepa- 
rated into  minor  parts. 

This  group-building  seems  simple,  but  to  group  properly  complex  facts,  so 
as  to  analyse  them,  and  to  bring  out  all  the  possible  inferences,  can  only  be 
done  by  the  most  subtle  and  logical  minds.  The  dividing  character  must 
be  so  definite  as  to  leave  no  doubt  into  which  group  an  unit  shall  fall ;  it 
must  be  precise  enough  to  prevent  the  possibility  of  an  unit  being  in  two 
groups  at  the  same  time.  This  rule  is  of  the  utmost  importance,  and  many 
examples  could  be  pointed  out  of  error  from  inattention  to  it. 

3.  Having  decided  on  the  groups,  their  nimierical  relations  are  then 
expressed  in  figures ;  for  example : — 

In  order  to  express  the  relation  of  the  smaller  groups  to  the  gross  number 
of  individual  facts  or  units,  a  constant  numerical  standard  must  be  selected, 
else  comparison  between  groups  of  imequal  numbers  cannot  be  made.  The 
standard  universally  adopted  in  medical  statistics  is  to  state  this  relation  as 
a  percentage,  or  some  multiple  of  a  percentage.  So  much  per  cent.,  or  per 
1000,  or  per  10,000,  is  the  standard.  This  is  got  simply  by  multiplying  the 
number  of  units  in  the  smaller  groups  by  100,  and  dividing  by  the  total 
niunber  of  units.  Thus,  let  us  say  there  occur  362  cases  of  pneumonia ; 
this  is  divided  into  two  groups  of  recovered  or  died,  say  343  recoveries  and 
19  deaths ;  and  their  relation  may  be  expressed  in  one  of  two  ways,  viz., 
either  by  the  relation  of  the  deaths  to  the  total  number  of  cases,  which 
will  be — 

19  X  100    ^^^ 

— ggft —  —  5  '26  per  cent 

of  mortality ;  or  by  the  relation  of  the  deaths  to  recoveries,  viz. — 

19x106    ,_ 

— oTq — — 5  'oi  per  cent. 

4.  Having  established  that  in  a  certain  number  of  cases,  divided  into 
groups,  the  number  in  each  group  bears  a  certain  proportion  to  the  whole, 
how  far  are  we  justified  in  concluding  that  the  same  proportions  will  be 
repeated  in  future  cases  ?  This  will  chiefly  depend  on  the  number  of  the 
cases.  If  the  number  of  cases  from  which  one  proportion  has  been  taken 
is  small,  we  can  have  no  confidence  that  the  same  proportion  will  be  re- 
peated in  future  cases.  If  the  number  is  large,  there  is  a  greater  proba- 
bility that  the  proportion  in  succeeding  numbers  of  equal  magnitude  will 
be  the  same.  The  result  obtained  even  from  a  very  large  number  is,  how- 
ever, only  an  approximation  to  the  tmth,  and  the  degree  in  which  it 
approaches  the  tmth  can  be  obtained  by  calculation.  The  following  rule  is 
given  by  Poisson  for  calculating  the  limits  of  error,  or,  in  other  words,  the 
degree  of  approximation  to  the  tmth : — 

Let  /I  be  the  total  number  of  cases  recorded, 
m  be  the  number  in  one  group, 
n  be  the  number  in  the  other, 

So  that  m  +  n— /i. 
The  proportion  of  each  group  to  the  whole  will  be  respectively — and—,  but  these 
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proportions  will  vary  within  certain  limits  in  succeeding  instances.    The  extent  of  Taiia- 
tion  will  be  within  the  proportions  represented  by 


v*V 


2.m.n 


Andi  !!L-2^/?i^ 


.  n 
It  will  be  obvious  that  the  larger  the  value   of  fi  the  less  will   be  the  value  of 


J 


'  ^'  -,  and  consequently  the  less  will  be  the  limits  of  error'  in  the  simple  pro- 


portion — . 

5.  There  being  a  number  of  facts,  each  of  which  can  be  expressed  by  a 
numerical  value,  an  average  or  mean  number  is  obtained  by  adding  all  the 
numerical  values,  and  dividing  by  the  number  of  facts.'  This  gives  the 
common  or  arithmetical  mean,  which  can  be  shown  mathematically  to  be  the 
nearest  to  the  truth  in  physical  inquiries.  Its  degree  of  approximation  may 
be  determined  by  working  out  the  probable  errory  the  smaller  the  latitude 
of  error  the  more  trustworthy  the  series  from  which  the  mean  number  is 
drawn.  The  probable  error  is  two-thirds  (nearly)  of  the  mean  error,  the 
actual  ratio  being  0*6745  to  1.  To  find  the  mean  error : — 1.  Find  the  mean 
of  the  series  of  observations ;  then  find  the  mean  of  all  the  observations  above 
the  mean,  and  subtract  the  mean  from  it,  this  gives  the  mean  error  in  excess. 
2.  Find  the  mean  of  all  the  observations  below  the  mean,  and  subtract  it 


1  This  is  sometimes  stated  thus  : — 


9  W~~^ 


when  5= total  number  of  events. 

and   ^= total  number  of  events  in  any  particular  direction. 

2  An  example  will  show  how  this  rule  is  worked.  The  following  is  given  by  Gavarret : 
Statistique  Midicale,  1840,  p.  284  :— 

Louis,  in  his  work  on  Typhoid  Fever ^  endeavours  to  determine  the  eflfect  of  remedies,  and 
gives  140  cases,  with  52  deaths  and  88  recoveries.  What  is  the  mortality  per  cent.,  and  how 
near  is  it  to  the  true  proportion  ? 

m=  52= number  of  deaths, 
n=  88= number  of  recoveries, 
ft =140= total  number  of  cases, 

i.e.y  37  deaths  in  100  cases,  or  more  precisely  37,143  deaths  in  100,000  cases.  How  near  is 
this  ratio  to  the  truth  ?  The  possible  error  is  as  follows— the  second  half  of  the  formula, 
viz.  : — 


/2.  m.ji 


will  be  

/2x52x88    ^,,„^, 
2/v/  —7Y|QV8—= 0*11550  to  unity. 

(Or  11,550  in  100,000.) 

The  mortality  being  37*143  per  cent.,  or  37,143  deaths  in  100,000  cases,  in  these  cases,  it 
may  be  in  other  140  cases  either 

37,143  +  11,550=48*693  per  cent, 
or  37,143-11,550=26-693      „ 

In  other  words,  in  successive  140  cases  the  mortality  will  range  from  49  per  cent,  (nearly)  to 
26  per  cent,  (nearly)  so  that  Louis'  numbers  are  far  too  few  to  give  even  an  approximation  to 
the  true  mean.  The  latitude  of  error  beine  so  large  with  such  a  comparatively  nieh  number  of 
observations,  it  may  be  easily  conceived  what  absurd  results  will  be  arrived  at  when  only  two 
or  three  eases  are  depended  upon  to  support  a  hypothesis.  Suppose  three  cases,  two  of  which 
are  fatal,  the  range  will  then  be  between +  145  per  cent,  and  -  11  j^r  cent.,  that  is,  the 
mortality  may  be  45  per  cent,  more  than  the  cases,  or  11  per  cent,  less  than  nothing  ! 

'  The  arithmetical  mean  is  used  in  medical  inquiries  ;  but  there  are,  in  addition,  the  geome^ 
tricalf  harmonic^  and  qutulratic  means.  For  an  account  of  these,  and  for  many  rules, 
reference  may  be  made  to  Dr  Bond's  translation  of  Professor  Radicke's  Essay,  S^ew  Sydenham 
Society  PubL  vol.  xi 


AVERAGES — LATITDDE  OF  ERROH. 


497 


I 


from  tho  mean,  this  gives  the  mean  error  in  deficiency.  Add  the  two  quan- 
tities, ne»^'lecting  pfm  and  inimis  signs,  and  take  the  half,  this  is  the  mean 
error.  To  eompttre  two  or  more  simihir  groups  together,  the  pi'obable  error 
of  each  mnst  be  ascertained^  the  relative  values  being  as  the  reciprocals  of  the 

squares  of  the  probable  errors ;  that  is    , ,  where  (pe)  19  the  probable 

error*     Thus  if  we  haye  two  groups  A  and  B,  A  having  a  probable  error  of 

10  per  cent*  and  B  one  of  2  percent,  the  value  of  A  will  be  -^7)^=  TruV*  ^^^ 

the  value  of  B  will  be  -_s=  — ;  the  reciprocals  will  be  respectively  100  and 

4,  or  the  group  B  will  have  a  value  25  times  as  great  as  A. 

The  relative  values  of  two  or  more  series  are  abo  as  the  square  roots  of 
the  nnnibers  of  units  of  observation^  So  also,  by  increasing  the  number  of 
observati<>ns  in  any  inquiry,  the  value  (or  accuracy)  increases  as  the  square 
nx»t  of  the  number.  Thus  a  group  of  10  observations  is  to  a  group  of  100 
as  ViO  to  v/100,  or  as  3-16  to  10. 

Li  many  cases  the  method  by  successive  means  is  very  useful.  Thia  con- 
sists in  taking  the  mean  of  the  mean  numbers  successively  derived  from  a 
constiintly  repeated  series  of  events  {say  the  mortality  to  a  given  population 
yearly).  Supposing,  for  example,  the  annual  mortality  in  England  to  be,  in 
successive  years,  22,  23,  21,  26,  23,  21,  22,  28,  22,  21,  per  1000  living,  the 
successive  meiuis  would  be — 


22  +  23 
2 


22  +  23^-21 


22  +  23  +  21  +  26 


^K      EXLCi 

^^^md  so  on,  until  the  numbers  are  so  great  as  to  give  every  time  the  same 

^P     i-eeult*     It  is  usi^ful  to  calculate  the  successive  means  in  b«jth  the  direct  and 

"      inverse  order,  viz.,  from  tirst  to  last,»  and  then  from  last  to  Hrst,  i>,,  putting 

the  two  last  together,  then  the  three  last,  &c.,  so  as  to  see  if  the  variation 

was  greater  at  the  end  of  a  series  than  at  the  begundng.     The  degree  of 

I  imcertainty  is  then  the  mean  variation  lietween  the  successive  means. 

^^  A  plan  almost  the  siime  as  this  has  been  used;  a  certain  number  of  facts 

^V     being  recorded,  the  sum  is  divided  into  two,  three,  or  more  parts,  and  it  is 

then  seen  whether  the  results  drawn  from  the  lesser  groups  agree  with  that 

drawn  from  the  larger  group  and  with  e^^ich  other.     If  there  is  any  great 

difference  of  results*  the  numbers  of  the  lesser  groups  are  not  sufficient     In 

the  instance  given  above,  the  mean  of  the  ten  years  is  22 "9  ;  the  mean  of  the 

first  three  years  is  22  ;  of  the  second  tliree  years  is  22 '33  ;  of  the  tkird  three 

years  is  24.     The  ti*rm  of  three  years  is  therefore  far  too  short  to  allow 

a  safe  conchiaion  to  be  drawn.     The  mean  of  Bxc  years  again  is  23,  and  of 

^K     eight  years  is  22*8,  numbers  which  are  much  nearer  each  other  and  to  the 

^m     mean  of  the  whole  ten  years. 

^m  The  application  of  averages  when  obtained  is  of  great  importance,  but 
^r  there  is  one  usual  error.  The  results  obtained  from  an  averiige  (that  is,  from 
the  mean  result  obtained  from  a  number  of  units,  not  one  of  which  perhaps 
is  the  same  as  the  meaiT  result^  but  either  above  or  below  it)  can  never  be 
applied  to  a  particular  case.  On  either  side  the  average  there  is  always,  as 
before  shown,  a  range  the  value  of  which  may  be  obtained  by  Poisson's  rule, 
or  by  tlie  detennination  of  the  mean  error,  and  the  particular  case  may  be 
at  cither  end  of  the  range.     The  use  of  the  average  is  to  apply  it  to  an 

2  I 
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aggregate  of  facta.    Tlieii^  supposicig  it  to  bo  founded  on  a  sufficient  ntunb 
of  cases,  it  will  approidiiiate  propoiitioiiately  to  exactitude.^ 

6.  In  addition  to  averages,  it  b  always  desirable  to  note  extreme  vain 
tliat  is,  tlie  two  ends  of  the  scale  of  which  tlie  average  is  the  middle. 
use  Dr  Guy 'a  f>ointed  expression,  **  aveniges  are  numerical  expre^ous  of  pw 
biibilities  ;  extreme  values  are  ejcpressiona  of  possibilitiea.''  ^     In  taking 
great  note  of  mean  quantities,  we  may  forget  how  great  a  range  Uiero 
be  above  and  below  them,  and  it  is  by  reminding  us  constantly  of  thi^  I 
Poiason's  rule  and  the  rule  for  mean  error  ar^  so  useful^ 

7.  Statistical  results  are  now  frequently  oxpToesed  by  graphic  representa- 
tions, a  certain  Bjiace  dmwn  to  scale  representing  a  number.  The  most 
simple  plan  is  that  of  intersecting  liurinuntal  and  vertical  lines. 

Two  lines,  one  horizoiital  {axis  of  th*-^  ai^eiwee)  and  the  other  vertical  (axis 
of  the  orflinatcs)^  form  two  sides  of  a  square,  and  are  then  divided  into  aeg- 
ment*?,  drciwn  to  scale — vertical  and  horizontal  lines  axe  then  let  fall  on  the 
paints  marked  ;  the  axis  of  the  ordinates  representing,  for  example,  a  cerUin 
time,  and  the  axis  of  the  abscissae  representing  the  number  of  events  occurring 
at  any  time.  A  line  drawn  through  the  pcants  of  intersection  of  tliese  two 
quantities  fonns  a  graphic  repreaentation  of  their  relation  to  each  other,  and 
the  surface  thus  cut  can  bo  also  meaaured  and  expressed  in  are^i  if  requiiwi, 
or  the  space  can  be  plott4^4  out  m  various  ways,  iji  columns,  p^Taniids,  kc. 
In  the  same  way  circles  cutting  rarlii  at  distances  from  the  centre  dnnvn  to 
scale  are  very  useful ;  the  circles  marking  time  {in  the  example  cliosen),  ^'ind 
the  radii  events,  or  tlie  reverse.  Such  graphic  representations  are  most  \ 
fid,  and  aUow  the  mind  to  seine  more  easily  than  by  rows  of  figures 
connection  between  two  conditions  and  events. 

Generally  speaking,  it  may  be  said  that  the  amounts  of  sickness  and  mo^^ 
tality  Ln  diJlercnt  IxMlies  of  men,  or  in  the  same  body  of  men  at  succesavfl 
periods,  show  such  wide  variations,  that  the  mean  error  is  always  very  graiiJ 
ami  it  requires  a  very  large  nuniber  of  castas,  and  an  extended  period,  w| 
deduc<3  a  prolxible  true  mean.     For  tliis  retison  it  is  necessary  to  be  cautiotM 
in  apportiiining  blame  or  credit  to  persons,  or  to  special  modes  of  treatment,  J 
unless  the  numbt-rs  are  very  large  imd  accordant,"*     Tlie  circumstiuioe^  in* 
fluencing  the  result  are,  in  fact,  very  numerous,  and  the  proper  estimation 
of  a  nnnierieal  resnlt  is  only  possible  when  it  is  considered  in  reference  t4* 
the  circumstances  under  which  it  occura 


VUal  l^atistM. 

L  Population. — ^An  accurate  census  of  the  jxipulation,  and  proper  regies  J 
tration  are  required.     To  estimate  the  jjopulatiou  of  a  place  at  any  inUf^ 


1  If  au  average  Is  tleiliiceti  from  two  averages,  that  U,  Lf  ati  average  of  averages  w  tifcem 
there  must  be  the  same  number  of  uumedcaJ  units  in  each.  Thus,  in  the  mortality  figurw  *5^ 
ten  year*  given  above,  the  average  of  the  whole  is  22*9 :  U'  the  tirst/icmr  yeani  are  Ukun,  thtir 
amage  ia  20*5,  amd  the  average  of  the  last  six  is  22-8  :  the  awrage  of  X^tm  avcragw  i*  21  &^, 
which  ia  not  the  true  average.  But  if  the  average  of  the  tiriit^^i*  be  taken ^  viz.,  ^,  and  Uien 
^c  average  of  the  last /fue,  vUk,  22  S,  the  avemgu  of  these  two  is  seen  to  U  22'9,  the  saint  I* 
the  average  of  the  whole. 

'  CyclopcBdia  qf  Anatomy  (md  PhyHoloffy^  art.  "  Statistics." 

•  lu  a  goo<i  (that  is  a  tniHtwurthy}  twries,  the  extrvine«  ou  the  two  ^ides  of  the  m««o  will 
biUacce  each  other,  the  nunilaera  tmin^  distributed  accortiing  to  the  coeffieieut**  of  a  binoi»ialf 
whose  exponent  i^  the  number  of  possible  events  in  the  series  (wee  Quetdet,  On  Pmhfthiltim; 
Airy,  On.  Ou  Theory  o/ Errtfra  of  Observatiom  ;  Merrimaa,  Theoni  o/Laut  Suuara  ^  F.  <lc 
Ciianmont  /-*^*."«- ^-^  o*-^-  x#-,*.*^/-^\     £s„*-ui^j_  i....^_ji_    *  ^ 


See  note  on  page  496 
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date,  it  is  assumeil  that  tibe  mxne  rate  of  inere^tiat?  has  taken  place 
ince    the    last    census,    as    in    the    interval    Wtween    the    tivo    previous 

D&fisity  of  Papulation, — The  population  divided  by  the  areti  equals  the 

"  V,  sometimes  caOed  the  *'8f)ecitic  iHjpuJiUion/'     The  area  may  be  ex- 

L  in  square  miles,  or  in  acres.     If   the  iiresi,  expressed   in   acres,  or 

quare  yards,  he  divided  hy  the  poiJiilatiori,  the  mean  area  for  eLieh  person, 

T  **areality  '*  (P'aiT)  of  the  jK^piilation  is  given. 

2*  Birth-rates, — These  are  calculated  at  an  aimual  lute  per  1000.  They 
Qay  be  divided  inU>  two  groups,  aeeonling  to  sex  ;  or  as  ri'ganls  those  born 
n  wedLick  and  those  iilegitimatf^.  Tlie  ttiean  annual  hirth-rato  in  England 
iid  Wales,  1861-80,  was  353  per  1000,  in  1887  it  Wiis31-4.  In  the  latter 
rear  tliere  were  1039  males  horn  for  every  1000  females,  and  in  every  1000 
>irths  48  were  illegitimate, 

3.  Deatk-raies  are  calculated  at  an  annual  ratio  per  1000,  The  death- 
•ates  published  for  en  eh  week  by  the  Registrar-General  represent  the  nmiiber 
n  each  thous^ind  of  the  |Kipulatinn  tliat  would  die,  sujiposing  that  the  same 
ipop*>rtion  l>etween  deaths  and  |np|mlatiou  were  to  hold  good  throughout  the 
^ear :  they  are  not  the  actual  death-rate  for  the  week. 

^Tbe  f/meral,  or  rritde,  death-rate  so  ubtiiined  requires  several  corrections, 
it  is  desired  to  he  used  as  a  test  of  the  healthinea^  (jf  a  place*  Of  these 
tho  most  important  are  the  (ioiTcctions  for  age  and  sex  distTibution,  and  for 
tlit^  influence  of  hirge  public  institutions.  The  average  mortality  per  1000 
for  idl  ages,  in  the  ten  yeai^s  1871-80,  in  England  and  Wales  was,  for  males 
22'61,  for  females  20  00.  In  any  j>lace,  therefore,  where  there  Wiis  a  lai'ge 
<itaprofic*rtion  bet>?een  the  niunlters  of  the  sexes,  the  dcath-nitc  would  l)e 
de{teudcnt  partly  on  this  iiis]irtJ]HU'tion,  sis  well  as  un  the  healthiness  or 
Ttverse  of  the  place.  Again,  the  death-mte  for  cliildren  below  5  yeai^s  was 
(for  the  Slime  period)  68'14  for  males  and  58*10  for  females^  very  much 
bigber  figures  than  those  of  the  all-age  death-rate :  the  death-rate  at  all  ages 
above  55  was  also  mucJi  higher  than  the  ail-age  death-rate,  for  both  sexes. 
Accordingly  in  every  place  where  there  was  a  large  nimiber  of  childien  or 
of  wld  people,  the  death-rate  would  appear  higher  than  in  another  place  of 
possibly  equal  healthiness  in  every  respect,  but  with  a  smaller  relative  jwpu- 
Bltion  of  the  very  young  and  tln'  elderly »  In  town  districts,  for  inst^mce,  as 
fcnile  tliere  is  a  larger  adult  population  and  fewer  children  and  aged  jtersons 
Bllhthely,  thiin  in  comitry  districts. ,  The  age  and  sex  distribution  at  the 
«iloeiiBUS  at  any  place  being  known^  the  nieiui  mortahty  at  various  ages  for 
tt«  previous  ten  years  throughout  England  and  W^ak^s  is  applied  to  tlds 
r^^pulation.  The  total  i>opuUition  divided  by  the  ninnher  of  deaths  thus 
'-iliJiilatad  gives  the  standard  death-rate  :  dlflerent  places  have  difierent  stan- 
*^hrd  death-mtes  depending  solely  on  diQ^rences  in  the  age  and  sex  distiibu- 
W  of  their  populations,  that  for  Manchester,  ejj.j  being  19 '09,  and  thiitfor 
■Norwich,  22*24.  The  mean  death-mte  for  Kngliind  and  Wales  divided  by 
tlna  stamiarrl  death-rate  will  give  a/tviffr,  by  which  the  reronM  death-rate 
llia&t  he  multiplied,  in  order  to  furnish  the  torrtdtd  deatli-rate.  The  **  coni- 
|i«utive  mortality  figure  '^  represents  this  c<irrected  rate  as  compared  with 
tliR  recorded  nite  for  England  and  Wsdes  taken  as  1000,  It  is  fumiil  that 
ft-iative  position  its  regaMs  healthiness  of  ditlerent  towns  remains  the  same 
irbether  the  crude,  or  the  correiited,  rates  are  taken  ;  those  towns  that 
AVi:  tlie  lowest  recorded  rates  have  the  lowest  corrected  rates  and  vice 

To  connect  for  the  influence  of  public  uistitutions,  such  as  prisons,  work- 
hospitals,  tVic,  the  population  of  these  institutions  must  be  deducted 
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from  the  population  of  tlie  place,  also  the  death.s  arising  therein  from  the 
total  deaths  of  the  plat:e,  and  the  corrected  deuths  calculated  per  1000  on 
the  corrected  population.  Deaths  of  inhahitants  of  the  place  occurring  in  n 
workhouse,  hospital,  or  other  institution  fmtside  the  district  should  be  adde«l 
to  the  deaths  occurring  within  the  district,  as  should  deaths  of  inhabitants 
occurring  in  institutiouB  within  the  district. 

Death-rates  are  of  eapecial  \'alue  when  calculated  for  riifferent  oiy*i4jMMfion* 
and  difTereBt  diseases:  in  this  way  a  cr^nnection  1ms  heen  proveil  conclusively 
to  exist  in  ccrtjiin  cases,  the  cause  has  heen  traced  and  either  by  xia prove- 
ments  in  manufactuiiug  processes,  or  by  legislative  uiterference^  a  diminution 
in  the  tlt^ath-mte  has  been  etl'ected. 

I>e4ith-rates  from  the  various  zymoHc  diseases  are  aJso  of  great  importance, 
as  from  this  source  of  information  is  learnt  the  spread  or  decline  of  an  epi- 
demic, ite  relative  severity  com[iHred  with  others  previously,  and  so  the  in- 
fitience  of  various  altered  conditions^  as,  e.g.f  that  of  compulsory  vaccination 
on  the  prevalence  of  smallpox. 

4,  Tlie  7neau  agf  at  death  of  a  population  is  the  sum  of  the  ages  at  death 
divided  by  the  number  of  deaths.  It  is  no  good  test  of  the  relative  healthi* 
ness  of  populations  unless  due  corrections  be  made  for  age  and  sex  distribu- 
tion. As  Dr  Farr  says,  a  jKipulation  of  ensigns  might  show  a  mean  age  at 
death  of  22,  and  a  population  of  generals  over  48,  but  the  latter  population 
would  not  be  more  healthy  tlmn  the  former,  it  would  merely  consist  of  per- 
sons of  a  ditl'erent  age.  A  great  infant  mortality  may  reduce  the  age,  thuugli 
the  heiiHh  of  tlie  adults  may  be  extremely  goocL  The  mean  age  at  death  in 
England  is  aliout  40  years.  Farr  has  sliown  that  it  is  nearly  i^ui%'alent  to 
the  reciprocal  of  the  death-rate  minus  one-thii\l  of  tlie  difference  lietween 
the  reciprocal  of  the  death-rate  and  that  of  the  birtli-rate ;  or  two-thiixis  the 
i-eciprucal  of  death-rate  plu^  one-tliii-d  that  of  the  birth-rate,^ 

5.  Mean  Duration  of  Life  {vie  moyenne). — This  is  the  expectation  of  life 
at  birth  ;  at  any  other  age  tlian  birtli,  it  is  the  expectation  of  life  at  that 
Hge  (tus  taken  from  a  life-table)  added  to  the  age*  It  is  no  good  test  of  sani- 
tM*y  condition  or  health. 

6.  Probable  Duratinn  of  Life  (me  pmbahk  ;  probalile  lifetime)  is  the  age  at 
which  a  given  number  of  chil<iren  born  into  the  world  at  the  same  time  will 
be  re  (bleed  oiie-iialf. 

7,  Expectation  of  Ltfe^  or  Mean  Future  or  After  Lifetime.^-Thh  is  the 
true  test  of  the  health  of  a  people.  It  is  the  average  length  of  time  a  person 
of  any  age  may  be  expected  to  live,  and  is  computed  from  a  life-table.  In 
order  to  constiiict  it,  we  must  know  the  number  of  the  living,  their  agea, 
the  nimiber  of  deaths  and  the  ages  at  death,  and  the  other  changes  in  the 
population  caused  by  births,  emigiiitioUj  immigration,  &c.  It  does  not^  of 
courae,  follow  that  any  imrticular  pei'son  will  hve  the  time  given  in  such  a 
table  ;  he  may  the  before  or  after  the  perioil,  l>ut  tiking  a  large  number  of 
cases,  the  average  is  then  found  to  appl}^ 

The  folloM  ing  life-table,  by  I)r  Ogle,  shows  the  expectation  of  life  at 
various  ages,  as  computed  from  the  mortality  returns  for  the  ten  years, 
1871-1880.^ 


1  Snppoae  the  death-rjito  to  be  1  in  46,  and  the  blrtli-r&t«  1  in  29  (tkbout  tlie  eidstlns 
^"  "^  r -3^.7 ^.^r^g^^iO'-Irs mean  nge  at  death  hi  Englaud. 


in  £^g]atid|»  we  have 


s  SttppleinoQt  to  45tli  HepQH  0/  Regt^ftrar^Gmerali  1885. 
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New  English  lAfe-TahU, 


Age. 

Males. 

Females. 

Age. 

Males. 

1 
Females. 

Age. 

MalesL 

Females. 

0 

41-35 

44-62 

10 

47-60 

49-76 

70 

8-27 

8-95 

1 

48-05 

60-14 

20 

39-40 

41-66 

80 

4-79 

5-20 

2 

60-14 

62-22 

30 

32-10 

34-41 

90 

2-84 

2-90 

8 

50-86 

62-99 

40 

25-30 

27-46 

95 

2-17 

2-17 

4 

61-01 

63-20 

60 

18-93 

20-68 

100 

1-68 

1-76 

5 

60-87 

63-08 

60 

13-14 

14-24 

After  the  first  year  the  chances  of  living  increase  up  to  the  fourth  year ; 
the  fifth  year  is  nearly  as  good,  and  then  the  chances  of  life  lessen,  but  at 
first  slowly,  and  then  more  rapidly ;  from  5  to  40  years  of  age  the  expecta- 
tion of  life  lessens  in  the  ratio  of  about  3  or  4  years  for  each  quinquennial 
period.^  The  greatest  reduction  is  4-2  years,  in  the  quinquennium  between 
10  and  15  years  of  age. 


1  Willich  gives  the  following  formula  for  calculating  approximately  the  expectation  of  life 
at  any  age  between  25  and  75 : — 

2  2  2 

Expectation  of  life = -q-80  -  a) ,  a = age  of  the  individual  Thus  at  5  years,-^  x  (80  -  5) = -^  x  76 

=50= expectation  of  life  at  5  years  (approximately). 


BOOK  IL 


THE  SERVICE  OF  THE  SOLDIER/ 

It  is  now  necessary  to  consider  a  little  more  particularly  the  nature  of  the 
service  of  the  soldier,  and  the  influence  it  has  on  him.  A  recruit  entering 
the  army  from  civil  Life  comes  under  new  conditions,  which  will  require  to 
be  shortly  enumerated. 


CHAPTER  I. 
THE    RECRUIT. 

In  the  English  Army,  young  men  are  now  enlisted  from  18  to  25  years  of 
age,2  imless  they  are  intended  for  drummers.  They  must  be  of  a  certain 
height,  which  is  fixed  by  regulation  from  time  to  time,  according  to  the 
particular  arm,  and  to  the  demands  of  the  service.  There  must  also  be  a 
special  girth  of  the  chest,  which  is  in  proportion  to  the  age  and  height. 

In  time  of  war  the  measurements  are  reduced  according  to  the  demand 
for  men ;  and  even  in  time  of  peace  the  necessary  height  of  the  infantry 
recruit  is  varied.  At  present  it  is  64  inches.^  Before  the  enlistment  is 
completed,  the  recruit  is  examined  by  a  medical  officer  of  the  regular  or 
auxiliary  forces,  according  to  a  scheme  laid  do^vn  in  the  Medical  JRegtUations.* 
The  scheme  is  a  very  good  one,  and  aims  at  investigating,  as  far  as  can  l>e 
done,  the  mental  condition ;  the  senses ;  the  general  formation  of  the  body, 
and  especially  of  the  chest ;  the  condition  of  the  joints ;  the  state  of  the 
feet ;  the  absence  of  hernia,  varicocele,  piles,  &c. ;  and  the  condition  or 
physical  examination  of  the  heart,  lungs,  and  abdominal  organs  generally.^ 
A  certain  minimum  girth  of  chest  according  to  the  height  is  required,®  also 
a  certain  minimum  of  weight. 

^  Medical  officers  entering  the  army  wiU  find  a  fijeat  deal  of  useful  sanitary  information  and 
details  of  duty  bearing  on  health  in  Viscount  Wolseley's  Soldier's  Pocket  Book  for  Field  Ser- 
vice, 6th  edit.,  1886. 

2  In  reality,  they  sometimes  enlist  under  this  age. 

8  Army  Orders,  Nov.  1889. 

**  For  a  full  account  of  the  system  of  recruiting,  the  mode  of  examination,  and  much  useful 
information  on  disabilities,  see  a  paper  by  Sir  T.  Crawford  in  the  Army  Medical  Report  for  1^2 ; 
Blue  Book,  1864.  See  Mediccu  RegutcUions,  1890,  part  i.,  sec.  3,  and  the  vanous  A,M,D. 
Reports. 

*  As  the  Medical  Regulations  are  in  the  hands  of  all  medical  officers,  it  is  unnecessary  to  go 
into  more  detail  on  this  point.  Sir  Thomas  Longmore  uses  in  the  Army  Medical  School  a  set 
form  of  examination  (Instructions  on  the  Examination  of  Recruits ,  Southampton,  1882),  which 
renders  it  almost  impossible  that  any  point  should  be  overlooked. 

'  At  present  the  minimum  weight'is  115  lbs.,  and  the  minimum  chest  girth  is  S3  inches,  or 
more,  in  proportion  to  height.    Army  Orders,  "Sov.  \^^. 
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Tlie  trades  of  the  men  fumisliiiig  the  recruits  vary  greatly  from  year  to 
year.i 

The  total  niunber  of  rejectioEs,  either  at  once  or  after  re-exam Lnation  by 
11  secoml  medical  officer*  on  various  grounds^  of  men  brought  by  the  recruit- 
ing sergeant  to  the  medical  officer,  varies  somewhat  from  year  to  year. 

About  two-fifths  of  the  rejections  ari.se  fr<jm  causers  connected  with  general 
bad  health  or  feeble  constitution,  and  one-hfth  from  cause*?  atfecting  the 
marching  jwwers  of  the  men  (Bjilfotir).  The  remainder  are  rejected  for 
being  under  heiglit,  weighty  or  che.st  measurement. 

In  the  French  Army  -  the  minimum  height  was  fixed  in  1887  at  66  inches 
(1*70  metres)  for  the  cuirassiers,  and  60  inches  (1*54  metres)  for  the  infantry 
of  the  line. 

After  the  recruit  has  been  enlisted  and  approved,  he  joins  his  depot  or  his 
regimtmt ;  receives  his  kit,  wfiich  lie  subsequently  in  part  keeps  tip  at  his 
own  cost;  and  U  put  on  tlio  si>ldier*s  nitiuns.  He  enters  at  once  on  his  drill, 
wliich  occupicvS  from  3 J  to  4  J  hours  daily.  Wlierever  gymnasia  are  esta- 
blished, he  goes  through  a  two  montlis'  course  of  gymnsistic  training  for  one 
hour  every  day.  He  then  goes  to  rifle  drill,  which  laste  about  six  weeks, 
and  then  joins  the  ranks.  After  the  rifle  drill,  he  has  another  month's 
gymnastic  training,  and  is  then  sui»j>osed  to  be  a  finished  soldier. 

Such  being  the  system,  it  will  be  desirable  to  consider  certain  points. 

1.  Thf  Af/e  of  Ui^  ^«rrttj^.— Strong  opinions  have  been  expressed  by 
l?5\llingidl  (English  Army),  L^vy  (French  Army),  Hammond  (American 
Army),  and  other  army  surgeons  that  the  age  of  17  or  18  is  too  low — that 
i\w  youngest  recruit  should  be  20  or  2 1  years  of  age, 

Tliis  opinion  is  based  both  on  actual  experience  of  the  effect  protluced  on 
boys  of  17  to  20  when  exposed  to  the  hardships  of  war,  or  even  to  heayj^ 
duty  in  time  of  peace.,  and  on  a  physiological  consideration  of  the  extreme 
immaturity  of  tlie  body  at  18  years  of  age, 

Willi  regard  to  the  first  point,  there  is  no  doubt  that  to  send  young  lads 
of  18  to  20  into  the  field  is  not  only  a  lamentable  waste  of  material,  but  is 
jjositjve  cruelty.  At  that  age  such  soldiers,  as  Xap*ileon  said^  merely  strew 
the  rtmdside  ainl  fill  the  hospitsUs.  The  most  effective  armies  have  been 
those  in  which  tlie  youngest  aoUliers  have  been  22  years  of  age. 

With  reganl  to  the  second,  it  is  also  certain  that  at  18  the  muscles  and 
bones  are  very  immature,  and,  in  fact,  it  is  not  till  25  years  of  age,  or  even 
later,  that  the  epiphy.ses  of  the  bonea  have  united,  and  that  the  muscles 
have  attained  their  full  growth,^ 

The  epiphyses  of  the  transverse  and  spinous  processes  of  the  vertebrae 
hardly  coumicnce  to  ossify  before  16  years  of  age,  and  it  is  not  till  after  20 
years  that  the  two  thin  circular  plates  form  on  the  1)odie~s  of  the  vertebrse. 
The  whole  process  is  not  completed  tUl  close  on  the  30th  year.  The  con- 
aolidation  of  tlie  sacrum  oidy  c^jmmenees  at  the  18th  year,  and  is  completed 
from  the  25th  to  the  30th  year.    The  fourth  and  tliird  bonea  of  the  sternum 


>  Th*  ocoupatloTiM  of  r«oniit«  in«p<sct#<1  at  St  G©orj?e*«  BwT»ck«,  LoadoD,  fttan  1885  to  1888, 
wcTv  A«  follows  ;  !:'  :  *"      ^'  t  ^  ;  *-    *    ,  ha  bokert  tailors*  kc,  17  per 

cent.  ;  tiajchanicul  .  kc,  16  per  cent ;  shopnieu 

and  clerks,  11  per  ^  ys  under  17, 2  per  cent*    llm 

nytictious  during  tbt  wiiue  i»friod  w^ie  11  ^06;^  Ul  of  23,477  examined,  or  47  |x«r 

G«nt,,  till'  swenitfe  for  the  woole  kin^rloni  diirii,  iH*riod  l)eing  44  i>eT  cunU     Of  tho 

totil  L     '  '    "       tionjij  70  per  cenr        ^     *-  n    ui.    t  ni  iwing  four  cftus&s:  defective  viMum, 
10  84  ',  !t»  5*&9  ;  under  V  ;  and  uinUr  chest  mimi^urement,  40*4  per  coat* 

(Dcp,  S         I         Mow,,  Journal  ot  i  il  ^Savke  InJitUutiontlSS9). 

^  La  I'ic  du  .S^Udat,  by  I>r  E,  Finviut;^,  1S--9. 

*  8oc  Onncth  of  (he  M(crnU  and  i'<^»/«i/  StMier^  by  Sir  WlUl&m  KvV\Lfcu,10i,3  ."fe^^^^i*^ 
ed.,  1887. 
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are  only  united  between  the  20th  and  25th  years,  and  the  second  is  not 
united  to  the  third  bone  before  the  35th  year.  The  epiphyses  of  the  ribe 
commence  to  grow  between  the  16th  and  the  20th  years,  and  are  completed 
by  the  25th  year.  The  epiphyses  of  the  scapula  join  between  the  ages  of 
22  and  25.  The  epiphysis  of  the  cavicle  begins  to  form  between  the  18th 
and  20th  years.  The  internal  condyle  of  the  humerus  unites  at  18,  but  the 
upper  epiphysis  does  not  join  till  the  20th  year.  The  epiphyses  of  the  radius 
and  ulna,  the  femur,  the  tibia,  and  fibula,  are  all  unjoined  at  18  years,  and 
are  not  completely  joined  till  25  years.  The  epiphyses  of  the  pelvic  bones 
(viz.,  crest  of  ilium,  spine,  and  tuberosity  of  the  ischium)  begin  to  form  at 
puberty,  and  are  completed  by  the  25th  year.^  That  the  muscles  are  equally 
immature  is  just  as  certain ;  they  grow  in  size  and  strength  in  proportion  to 
the  bones. 

These  facts  show  how  wrong  it  is  to  expect  any  great  and  long-continued 
exercise  of  energy  from  men  so  young  as  18  and  20,  and  what  will  be  the 
inevitable  consequences  of  taxing  them  beyond  their  strength. 

Are  we,  then,  to  conclude  that  the  soldier  should  not  be  enlisted  before 
20? 

If  the  State  will  recognise  the  immattirity  of  the  recruit  of  19  years  of 
age,  and  will  proportion  his  training  and  his  work  to  his  growth,  and  will 
abstain  from  considering  him  fit  for  the  heavy  duties  of  peace  and  for  the 
emergencies  of  war  till  he  is  at  least  21  years  of  age,  then  it  would  seem 
that  there  is  not  only  no  loss,  but  a  great  gain,  by  enlisting  men  early.  At 
that  most  critical  period  of  life  the  recruits  can  be  brought  under  judicious 
training,  can  have  precisely  the  amount  of  exercise  and  the  kind  of  diet 
best  fitted  for  them,  and  thus  in  two  years  be  more  fully  developed,  and  be 
made  more  efficient,  than  if  they  had  been  left  in  civil  life. 

2.  The  Height  and  Weight  of  the  Recruit. — The  desire  of  almost  all  mili- 
tary officers  is  to  get  tall  men.  The  most  favoured  regiments,  especially  the 
cavalry,  get  the  tallest  men.  It  has  been  recommended  both  that  shorter 
men  should  be  generally  taken,  and  that  the  infantry  should  have  the 
tallest  men.  The  last  point  is  one  for  military  men  to  determine,  and  must 
be  decided  by  considerations  of  the  respective  modes  of  action  of  cavalry 
and  infantry. 

The  first  point  is  entirely  physiological,  and  opens  a  difficult  question. 

What  is  the  height,  at  19  years  of  age,  which  is  attended  with  the  great- 
est amount  of  health,  strength  and  endurance,  or  is  it  possible  to  fix  such  a 
standard  ? 

Tables  of  average  height  and  weight  have  been  compiled  by  Quetelet,  and 
much  used,  and  lately  somewhat  similar  tables  have  been  framed  by  Danson, 
Boyd,  Liharzik,2  and  Roberts.^ 

With  regard  to  all  of  these  it  may  be  said  that  the  observations  (however 
numerous)  are  yet  too  few  for  such  a  large  question,  and  that  the  influence 
of  race  has  been  too  little  regarded. 

Boyd  gives  the  height  at  18  years  at  60*4  inches,  and  at  25  years  at  67 
inches,  and  Liharzik  at  the  same  ages  gives  64*17  and  68*9  inches.  Roberts 
states  it  as  65*5  at  18,  and  66  5  at  25  years.  The  English  Army  Returns 
give  the  heights  of  the  recruits,  but  it  must  be  luiderstood  that  we  cannot 


1  See  Aitken's  Orowth  of  the  Recruit,  2iid  ed.,  ami  Qua  in' s  Anatomy,  for  still  further 
details. 

*  Liharzik's  numbers  profess  to  be  based  on  a  law  induced  from  great  numbers  of  measure- 
ments  in  different  animals. 

'  Manual  of  Anthropometry,  by  C.  B«\wiT\&,  Y.^.C.^. 
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leduee  the  mean  height  of  the  population  from  the»e  figures,  as  tlie  shorter 
men  are  not  taken  iis  reeniit'S, 

Altliough  tlie  numbers  iire  not  vwy  ucamhint,  we  may  periiaps  assume 
that  at  19  the  aveni<:;e  height  wtII  be  something  near  65  inches,  and  the 
average  weight  125  lb» 

Tlxe  best  rule  to  guide  us  is  that  given  by  8ir  WiUiam  Aitken^  vi^,  to 
take  into  con^si deration  the  three  [loints  of  age,  height,  and  weight,  and  if 
either  in  weight  or  height^  or  both  t^igether,  there  is  any  great  divergeuce 
from  the  nieaji,  then  something  wrong  will  probably  h*-  foimd.  But  as  long 
as  weight  and  height  are  in  aex^onl,  the  taUer  and  heiivier  the  man  the 
l>etter,  as  a  rule.  The  weight  in  iK>iin<l>?  ought  to  be  about  twictt  the 
height  in  inches.^ 

One  point  is,  however,  i|uite  clear.  WHien  the  height  is  much  below  the 
mean,  the  bodily  development  gcnemlly  is  hmh  Hammond  states  that  in 
the  Amerieiin  War,  men  of  le-ss  than  5  feet  broke  down  by  a  few  weeks' 
eam|migaing,  while  men  of  5  feet  stood  the  work  well.  Probably  63 
inchea  at  19  years  of  age,  and  120  fl>  weight,  should  be  a  minimum,  even 
in  times  of  tJie  greatest  pressure.  So  also  a  very  gre^it  height  at  19  ye^vrs 
of  age  is  objectionable,  and  anything  over  68  inches  at  that  age  should  lie 
looked  on  with  great  suspicion.  As  a  rule^  also,  adult  men  of  middle  size 
(67  to  69  im-hes)  appear  to  hear  liai-d  work  better  than  taller  men.^ 

3.  T/w  Physical  Trainin{j  of  the  Rtcrnit, — A  great  improvement  has 
been  introduced  by  the  order  that  each  recriut  shall  have  three  months* 
gymnastic  training.  If  properly  done,  this  should  have  a  most  benehcial 
etlect.  The  medical  ollieer  htus  pjwer  to  continue  tliis  if  necessary,  and  care 
i?hoidd  be  taken  U.>  use  thuH  jKiwer* 

4.  TJut  Mtnial  Traininij. — Since  the  introduction  of  rifle  ]>ractice,  the 
trade  of  the  soldier  h^is  become  much  more  interesting  tt>  him  ;  he  is  now 
taught  scientiiically  ht)W  \jl\  manage  Iiis  arm,  and  learns  to  take  interest  in 
his  shoitting*  It  would  he  most  desirable  to  give  him  some  knowledge  of 
tlie  Military  Art  and  of  the  ohjwt  of  the  miuioeuvrcs  he  goes  through.  It 
is  also  very  important  U>  train  him  for  the  held,  and  to  teach  him  to  perform 
for  hiuKself  idl  the  ofhces  which  in  time  of  war  he  will  have  to  do^ — not 
Uierely  trencli  work,  but  hutting,  and  especially  cooking,  washing  an<l  mend- 
ing his  clothes,  as  in  time  of  war.  It  is  too  late,  at  the  commencement  of  a 
campaign,  to  begin  these  necessary  jxirts  of  a  soldiers  education  ;  theyshotdd 
form  part  of  his  training  as  a  recruit ;  and  if  he  is  excuae<l  guard  and  otluT 
duties  during  his  first  ye^r  there  would  Ik'  ann>le  time. 

Great  attention  is  now  beiJig  directed  t^y  the  inj|Hjrtance  of  soldiers  kee]> 
ing  up  their  trades,  or  learning  some  tmde  if  they  have  none*  Such  a 
system  occupies  men,  mitkes  thtun  couU^nti^d,  keeps  them  fr«:»m  dissipation, 
and  opens  a  car<M'r  for  them  when  they  huive  tlu*  anny.  Instead  of  inter- 
fering with  their  militiiry  training,  it  can   he    matle    U:»   subserve  it,  ami 


Md  Fi  '  1         1  'i^'of  700  to  ~^^  Hies  for  eac^i  fentimKre 

of  clicN-'  iucli  ill  J'i  ircmeot.     \\  tlie!»o  two 

nile-iVkiL  ,      i       ^  .1       „      L    u.    .  the  weight  ,  uuu-thlnl  mon?  (iu  \hA 

thjuj  the  Hum  oi  the  ht^iKbt  nutl  cliwt-girth  |iii  iucheM).     Thus  a  nwri  of  64  iu.    lui^ht  mvA 
34  ill.  oh*«t  i^Tiih  HhAubt  hftv*>  !31  Wm.  wt^ijrht :  or  if  hf«  in  70  inches  m  height  nT>d  STtiNjuml  thti 


L'l. 


tiiiiJdiiutti  to  Uikis  is  j:tb  ot  tlie  iieiglii. 


latter  CA-ne  ' ' 
'.  rhaiimial 
^tbs  of  A 


-glTO,  l«90l 
it;  the  hett 


K  poititu,  w«  Mom^hB,  c^i,  cftt*  Both  and  Lex,  np^ 
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possibly  Blight  be  found  to  he  advantageous  to  tho  Stnte,  even  in  a  pecuniaqH 
point  of  \ii*w,     Tliu  recruit  tlieii  would  \mve  to  ke+^p  up  or  learn  his  trafle*  ^ 

5.  Tlte  3Ifyral  Training, — The  recruit,  on  ent*;riiig  the  army,  is  brought 
under  moral  iiifluencoj?  of  a  strong  kind.  A  dineipUne  always  rigorciua,  and 
sometimes  severe^  produccv^  ofk-n  a  ready  obedienee  ami  a  submLssion  of 
character,  and,  when  not  carried  too  far,  gieatly  improves  liim.  At  tht? 
same  timej  independenee  is  preserved  lay  the  knowledge  which  the  soldier 
has  of  his  rights  and  pi-ivilegcs,  and  tlie  result  is  n  manly^  conscientious, 
tmd  fine  character.  But  occasionally,  n,  too  &«>nsitive  nature  on  tixe  part  of 
the  recruit,  or  a  discipline  too  harsh  or  eapricious  on  the  part  of  hw  otiicors, 
ppoiluces  very  different  rci^ulti^,  and  the  soldier  becomes  cunning,  artful^  and 
false,  or  uiorose  and  nialieiouB.  The  two  characters  used  to  be  ofteD  seen 
well  marked  in  old  soldiei-s,  and  nci  contrast  could  he  greater  than  liotweeii 
the  two,  A  hea^-y  responsibility  rests,  then,  with  the  officers  of  tlie  anny 
who  have  power  thus  to  inftuence,  for  good  or  e\al,  natures  hke  tlieir  own. 

The  influence  of  companionship  is  also  hrouglit  to  bear  on  tlio  recruit,  and 
!s  fi*iuight  with  both  good  and  evil,  Tlie  latter  prolxably  pretlominates^ 
though  there  arc  many  excellent,  liigh -minded,  and  religious  men  in  the 
army.  But  if  the  influences  lie  h«r  bad,  the  recruit  8i^>n  learns  some  ques- 
tion aide  habits  and  soim^  vice8. 

Thus  he  almost  invariably  leams  to  smoke,  if  he  has  not  acquired  this 
habit  befoiT.  It  is  indeed  remarkable  what  a  habit  smoking  tobacco  is  m 
every  army  of  Europe  ;  it  seems  to  have  become  a  necessity  with  tht»  men, 
and  arises  probably  from  the  amount  of  spare  time  the  soldier  baa,  which 
he  does  not  know  what  to  do  with,  A  recniit^  on  joining,  finds  all  his 
comrades  smoking,  and  is  driven  ijit^«  the  habit. 

The  discussion  on  the  etlects  of  tidiatco  does  not  aeem  to  have  led  to  any 
clear  conchisions.  The  immoderate  use  brings  many  i-vils  to  digestion  and 
circulation  especially''.  But  ni>  great  evils  appear  to  result  from  the  nuxleniU 
iise»  thougli  no  good  run  be  traced  to  it.  In  moderation  it  has  not  been 
proved  to  lessen  appetite,  io  eniourage  drinking,  or  to  destroy  proereativc 
power.  But,  on  the  other  hand,  it  probably  lessens  bodily^  and  [K?rhapft 
even  mental  activity.  It  is  certiiinly  remarkalde  how  imiformly  tlie  Iw^st 
trainers  proliibit  its  use,  and  men  of  the  highest  physical  vigour  are  seldom 
great^  and  often  are  not  even  moderate,  amokers.  As  it  is  of  no  use,  and 
indee<l  injurious,  by  bringing  men  under  the  thraldom  of  a  habit,  it  seems 
\'ery  desirable  to  disconragc  it  But  in  the  army  it  seems  lasele^s  to  tight 
against  this  custom,  nor  is  it  indeed  one  which  is  suiliciently  injurious  to 
be  seriously  combated,  except  for  one  reason.  In  time  of  war  the  soldier 
often  cannot  obtiiin  tobacco,  and  he  then  suffers  seriously  from  the  depriva- 
tion. The  soldier  should  have  no  habits  w^hich  he  may  be  compelled  to  lay 
■hide,  and  which  it  would  pain  him  U\  omit. 

Wr  A  much  mon»  serious  matter  is  the  ^^ce  of  druiking,  which  many  PMmiti 
tire  almost  forced  into,  in  spite  of  themselves.  The  discipline  of  the  army 
represses  much  open  dnuikenness,  though  there  is  enough  of  this,  but  it 
cannot  prevent,  it  even  aids,  covert  drinking  up  to  the  very  edge  of  the  law. 
Formerly,  a  most  lamentable  canteen  custom  made  almost  evety  man  a 
drunkard,  and  a  young  hoy  just  enlisted  soon  learned  tt*  take  Ills  morning 
dram,  a  habit  which,  in  civiJ  life,  would  mark  only  the  matured  drunkarii 
Now,  happily,  spirits  are  not  sold  in  the  canteens,  and  no  regulation  thrusts 
raw  spirits  do\m  a  man's  throat.  Drinking  is,  however,  the  worst  vic« 
in  the  army,  and  that  which  strikes  most  of  all  at  the  eflicieney  of  ih»? 
soldier.  Great  e^brts  have  been,  however*  made  by  the  military  ;i 
to  check  this  vice,  and  there  is  no  doubt  that  the  army  is  becon 
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tem])erate :  of  late  years  this  movement  has  made  rapid  strides,  especially 
in  India. 

Another  vice  is  almost  as  certainly  contracted  as  smoking  by  the  recruit 
Probably  before  enlistment  he  has  led  no  very  pure  life,  but  when  he  enters 
the  army  he  is  almost  sure  to  find  his  moral  tone  higher  than  that  of  some 
of  his  new  associates.  A  regiment,  in  fact,  is  composed  of  young  men  with 
few  scruples  and  small  restraints.  Prevented  from  marriage,  and  often 
tempted  by  low  prostitutes,  it  is  no  wonder  if,  to  the  extent  of  his  means, 
the  soldier  indulges  in  promiscuous  sexual  intercourse.  He  does  this,  in  fact, 
to  excess,  and  the  young  recruit  is  led  at  once  into  similar  habits.  That 
many  recruits  are  most  seriously  injured  by  this  habit,  even  if  they  neither 
contract  syphilis  nor  gonorrhoaa,  is  certain. 

It  has  also  been  supposed  that  solitary  vice  is  particularly  rife  in  armies ; 
but  there  does  not  seem  to  be  any  evidence  on  this  point. 

6.  The  Amount  of  Sickness  and  Mortality  suffered  by  the  Recruit  during  the 
First  Six  Months  and  Year  of  Service, — This  is  an  extremely  important 
matter,  but  at  present  we  are  not  able  to  answer  the  question  for  the  English 
Army. 

In  the  French  Army  ^  the  amount  of  sickness  among  soldiers  under  one 
year  of  service  is  more  than  one-third  greater  than  among  the  army  gene- 
rally ;  this  is  partly  caused  by  slight  injuries,  though  not  solely,  for  the 
admissions  to  hospital  are  nearly  one-fourth  more  among  them  than  in  the 
army  at  large. 

1  Statistiq\ie  AfSdicale  de  VArmSe, 


CHAPTER    II. 

THE  CONDITIONS  UNDER  WHICH  THE 
SOLDIER  IS  PLACED. 

These  conditions  are  extremely  various,  as  the  soldier  serves  in  so  many 
stations,  but  the  chief  points  common  to  all  can  be  passed  in  review. 

The  water  and  air  supplies  have  been  already  sufficiently  noticed,  and  the 
conditions  now  to  be  noticed  under  which  the  soldier  is  placed  are  barrack^ 
hutSy  tents,  and  encampments;  the  food,  clothing ,  and  work. 

SECTION  I. 
BARRACKS. 

Barracks  have  been  in  our  army,  and  in  many  armies  of  Europe  still  are, 
a  fertile  source  of  illness  and  loss  of  service.  At  all  times  the  greatest  care 
is  necessary  to  counteract  the  injurious  effects  of  compressing  a  number  of 
persons  into  a  restricted  space.  In  the  case  of  soldiers  the  compression  has 
been  extreme  ;  but  the  coiuiteracting  care  has  been  wanting.  It  is  not  much 
more  than  sixty  years  since,  in  the  West  Indies,  the  men  slept  in  hammocks 
touching  each  other,  only  23  inches  of  lateral  space  being  allowed  for  eiich 
man.  At  the  same  time,  in  England,  the  men  slept  in  beds  with  two  tiers, 
like  the  berths  in  a  ship ;  and  not  infrequently,  each  bed  held  four  men. 
When  it  is  added,  that  neither  in  the  West  Indies  nor  in  the  home  ser\'ice 
was  such  a  thing  as  an  opening  for  ventilation  ever  thought  of,  the  state  of 
the  air  can  be  imagined. 

The  means  of  removal  of  excreta  were,  even  in  our  own  days,  of  the  rudest 
description,  both  at  home  and  in  many  colonies ;  and  from  this  cause  alone 
there  is  no  doubt  that  the  great  militiiry  nations  have  suffered  a  loss  of  men 
which,  if  expressed  in  money,  would  have  been  sufficient  to  rebuild  and 
purify  every  barrack  they  possess.  To  these  two  causes  must  be  attributed 
the  great  loss  suffered  by  our  troops  in  former  years  from  phthisis  and 
enteric  fever. 

Sub-Section  I. — Barracks  on  Home  Service.^ 

The  imperfection  of  the  English  barracks  was  owing  to  two  causes — first, 
a  great  disregard  or  ignorance  of  the  laws  of  health  ;  and,  secondly,  an  in- 
disposition on  the  part  of  Parliament  to  vote  sums  of  money  for  a  standing 
army.  At  the  close  of  the  last,  and  at  the  commencement  of  the  ])resent 
century,  the  WTiig  party  especially  opposed  every  grant  which  Mr  Pitt 

I  Army  metlieal  officers  are  referred  to  au  admirable  i>ai)er  by  Surgeon-General  H.  Massv, 
C.B.,  on  the  Construction  and  Ventilation  of  Barracks  and  Hospitals  (Army  Med,  iJrp, 
Heports,  yo\.  vi.  p.  229). 
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brought  forward  for  this  purpose,'  After  the  great  war,  tlie  exhaustion  of 
the  nation  prcvente^l  anything  being  done,  and  in  spite  of  the  reprejsenta- 
tioiis  of  many  military  man,  comparatively  Httle  change  occurred  tOl  the 
Crimean  war.  In  1855  a  eonimittee,-  of  which  Lortl  Monck  was  chairman^ 
wiis  appointed  by  tlio  Wjir  Office  to  consider  this  subject,  and  presented  a 
most  excellent  Repnirt  on  Barracks,  the  suggestions  of  whicli  have  been  ftince 
gradually  carried  out.  Immeilinttly  after  this  a  Barrack  Im|)rovement 
Commission''*  was  orgimised,  aud  in  1861  this  Commission  published  a  Blue 
B(Hjk,  whieh  not  only  containt^d  plains  and  descrijitions  <if  the  existing 
barracks  and  hospitals,  but  laid  down  rules  for  their  constniction,  ventila- 
tion, and  sewerage,  for  future  gtudance.  It  is  difficnlt  to  apeak  too  strongly 
of  the  excellence  of  this  Report ;  and  where  its  rules  have  been  attended  to 
there  can  be  no  doubt  the  British  Army  is,  so  far  as  habiUitiona  are  con- 
cerned, lodged  in  healthier  dwellings  than  almost  any  elass  of  the  com- 
munity.'* Reference  must  be  made  to  this  report  for  a  fuller  account  of 
tlie  older  barracks  and  hospitals  than  can  be  given  here.^  Quit^  recently 
jiublic  11  pin  ion  has  been  again  drawn  to  this  question,  and  Parliament, 
reahsiog  the  iiuixn'tiince  i>f  pnn  iding  proper  accommodation  for  the  soldier, 
has  voted  four  millions  sterling  for  this  purpose. 

Infantry  Barracks. 

Block  Plan, — Formerly  a  number  of  men,  even  a  whole  regiment,  were 
aggregated  in  one  large  house,  aud  this  was  often  built  in  the  form  of  a 
s^juare  (a  plan  originated  by  \'^aidiim),  tlie  quarters  for  the  officers  forming 
one  side,  on  account  of  the  ease  of  surveillance.  Many  offi^cers  still  prefer 
this  form.  But  it  is  always  objectionable  to  have  an  enclosed  mass  of  air, 
and  if  it  is  adopted  the  au>,des  should  be  left  open,  as  recommended  by 
Roliert  Jackson.  The  Barrack  Improvement  Commissioners  very  justly 
recommended  that  there  should  he  division  of  the  men  auiong  nunienius 
detached  buildings  ;  and,  instead  of  the  square,  that  the  separate  bmldiugs 
should  he  arranged  in  Imes,  ei\ch  building  Iieing  so  placed  as  Ut  impede  jis 
little  as  possible  the  movement  of  air  on  the  other  buildings  and  the  inci- 
dence of  the  sun's  rays. 

In  arranging  the  lines,  the  axis  of  the  buildings  shouM  be  if  possiblo 
utirtb  and  south,  so  as  to  allow  t!ie  sun's  rays  to  fall  on  l>oth  sides.  One 
building  should  in  no  case  obstruct  air  and  light  from  another,  and  each 
building  must  bo  at  a  suiHcient  dist^ince  fi^ni  the  adjoining  house,  and 
this  distance  should  not  be  less  than  its  own  height,  and  if  possible  more. 

Faj*tfi  of  a  Banfjck, — L  The  barrack  room,  with  nouHonimissioned 
officers'  nwrns  screene<i  off.  2.  Quarters  of  the  married  privates — seven  to 
etvrh  enmpiny.  3.  Quarters  of  the  stafl-sergeants  and  sergeants'  mess.  4. 
Quarters  of  the  officem.      5.  Kitchen.     6.  Ablution   rooms.     7.   Latrines 

1  On  looking  tliroiigh  the  Annual  Reyist^f\  it  will  be  foutnl  that  Fox,  08  wbU  &f«  his  fol- 
lowfi-^,  B|K)kc  strongly  acaiiist  the  gruut  of  wnnis  of  money  for  improving  barTack>.  Their 
iiiotiv«}«  wuru  good,  ami  their  jcalonsy  of  a  KttiinUng  army  juKtiHed  by  what  had  gou«  before, 
but  the  result  htis  l»c*,'U  mojit  uufortunate  for  the  isoKlicr. 

^  Rtpitri  uf  ihir  O/Hcial  CmnmUit^t  on  ISttrrnck  Aaumimotlatitm  /or  tlie  Amtv^  Blue  Book, 
18«5. 

*  Mr  Sidnt»y  Herhert,  Drs  HutherUnd  and  BiirrfU*  and  Cuptnin  Galtou,  w<?rt?  the  first 
Barrack  ami  flo^pitjil  lm|irov«im«nt  CommiaHioiieni;.  Lord  Ucrl>ert  did  not  »iigu  the  tirst 
lU»j»ort.  a**  \w  IwCAtTK?  Mintsti^r  of  War.  Dr  Bumdl  rrttrtxL  Thu  remaining  Coinujljitioiieni 
(Dr  Snthr>rUnd  find  Hftptiin,  now  Sir  Doriglj*x,  Galtow)  subsequently  publishtvl  tho  Htpnrt  on 
/•      U    ''  ■       JfJarntchir 

inmia»ioii  apimnUd  for  Improving  thf  Sanitary  CandUum  <if 
L  if   ,    ;      .  i  :''l. 

fr  For  th<?  iiiiti«*N  of  medujal  offiwrs  with  rwupwt  t^j  barracla,  §««  Qm9%**  fUg^lal%fff^^^V&^^ 
Mctiou  lb ;  and  the  Arm  if  Medical  KegnlaiicftM^  1890. 
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and  luinals.  8,  Orderly-room;  guard  rooin.  9*  Cells.  10.  Tailors*  shop 
and  armoury  ;  commifisariat  stores ;  canteen,  1 1 .  Reading-rcMim  (in  many 
barracks) ;  sthrKfls ;  magazine.    It  is  unnecessary  to  describe  all  thes^e  building 

The  old  bamicks  are  of  all  cunceivable  furnis  and  kinds  of  construction, 
for  details  of  wliicii  see  tbe  Commissioners'  Report. 

Wbeji  new  baiTacks  are  built,  tlie  plans  of  the  Conmiission  are  to  be 
followed. 

(a)  Barrack  Efxmis, — Tbe  sijse  and  shape  of  the  barrack  room  will  decide 
the  kind  of  buildings.  Tlie  BaiTack  Committee  of  1855  recommended  that 
each  roiim  should  accomniodate  12  men,  or  one  squad,  as  this  is  most 
comforttd>lc  for  the  men  ;  but  small  rooms  of  this  size  are  more  difEcult  to 
nrranget  iind  it  is  now  considered  best  to  put  24,  or  one  section,  in  each  room. 

The  Barra<"k  Im|>ravement  Goniniissiouers*  reconmiendations  may  be  con- 
densed as  f oUuws : — 

The  roonxs  are  directed  to  he  narrow,  with  only  two  rows  of  beds,  and 
^vith  opposite  windows — -one  window  to  every  two  beds.  As  each  man  ia 
allowed  60U  cul;>ic  feet  of  space, ^  and  as  it  is  strcmgly  recomineuded  that  no 
room  shall  be  lower  thim  12  feet,  the  size  of  a  room  for  24  men  will  l>e — 
length  60  feet,  breadtli  20  feet,  heiglit  12  feet  This  size  of  room  will  give 
14,400  cubic  feet,  or  (600  x  24)  euKU^h  for  24  men  ;  but  as  the  men^s  bodies 
and  fin^niture  take  up  space,  an  additional  2  feet  has  been  allowed  to  the 
length  ill  st>me  of  the  new  barracks.  Assuming  the  length  Uj  be  62  feet,  the 
superficial  area  for  each  Uiiin  vf'xM  b^  nearly  52  feet,  a  little  more  than  5  feet 
in  the  length  and  10  in  the  width  of  the  room.  At  one  end  of  tbe  ri>«-*m  is 
the  door,  and  a  room  for  the  sergeant  of  the  section,  which  is  about  14  feet 
long,  10  wide,  imd  12  high.  At  the  other  end  is  a  narrow  jiassage  leading 
to  an  ablution  room,  one  basin  beuig  provided  for  4  men,  and  a  urinal.* 

8uch  is  the  arrangement  recomm ended  for  a  siugli^  barrack  rcM>m,  and  it  is 
difficult  to  conceive  a  l>etter  plan,  imless  it  might  be  suggested  that  an 
open  verandah,  never  to  be  made  into  a  corridor,  should  l>e  placed  on  the 
south  or  we^t  side.  It  woidd  he  a  lounging-phice  for  tlie  men.  So  also  a 
cleiining-rcKiiu  for  arms  and  accoutreineuts  would  be  a  very  usefid  addition. 

The  room  tluis  formed  may  constitute  \i  single  hut,  but  if  space  is  a 
consideration,  two  such  rooms  are  tlirected  to  be  placed  in  a  line,  Uio 
iavatories  being  at  tlie  free  ends*  A  house  of  this  knid  will  accommodate 
half  a  com])an3'.  Tlie  severed  houses  are  separated  by  an  interval  of  not 
less  than  25  feet.  For  the  sake  of  economy,  however,  the  houses  will  in 
future  h^?  freriuently  made  two- storied,  so  that  one  house  will  contii in  a 
company  in  four  rooms,  and  ten  will  suffice  for  a  regiment. 

The  three  following  plans  of  Ijarracks  show  the  arrangements  which  app 
adopt+i-d ; — 

l$t,  A\"hen  there  is  a  single  storey,  as  at  Colchester,  and  no  stairca^  is 
re^j^uired, 

2>*<^/,  When  there  are  two  storeys,  and  a  staii-ctise  must  be  introduced,  as  in 
the  chivalry  banacks  at  York. 

Zni^  When  there  are  not  only  atjurcascs,  but  the  Imrracks  must  Iw 
ejctended  in  one  long  line,  including  many  roimis,  imd  when,  theref'>re,  the 


1  In  tbe  Freadi  Kimy  the  aiuomit  allottetl  is  14  tubie  mi^tres  (485  cubic  ft^jt)  for  cavalry, 
aud  12  cubic  metres  (42^  t:ubif  leet}  for  iiifuutr)%  in.r  head,  the  nir  to  be  ebangevl  at  Uaxt  «>n4-*f 
ajj  hour.  lu  the  (jeniiau  Army  tbe  tillowaunu  is  4S^5  cubic  feet  (Genitau  measureiiienl,  wliicl) 
ii»  ueurly  tbe  same  h^  English),  the  r-nperticijil  stmce  being  42  to  45  tiquare  fi^t. 

^  la  ftoiue  oi'tbe  bitest  l>4iTacivs  wbieb  iitive  tieen  bxiilt,  tbe  lavatory  ami  urinalaan*  placed 
in  tbe  ee litre  of  tbe  buildiag,  uear  tbe  head  of  tbe  staircase :  thu  ti  A  retrocTftde  stvtw 
,  See  tig,  08, 
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ablution  rooms  cannot  bo  put  at  the  ends  of  the  rooms,  but  must  be  placed 
on  the  landings,  as  at  Chelsea. 

If  ten  houses  are  thus  formed,  and  arranged  so  as  to  insure  for  each  the 
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IiHg.  95.— Colchester  Camp  Houses. 


Fig.  96.— Cavalry  Barracks  at  York. 


greatest  amount  of  light  and  air,  the  following  area  will  be  occupied  by 
these  houses  alone.     Each  house  (with  walls)  would  measure  about  140 


512 


CONDITIONS  OF  SERVICE. 


feet  long  and  22  broad,  and  the  space  between  the  houses  may  be  taken  at 
64  feet,  or  twice  the  height  of  the  house.  The  external  houses  would,  of 
course,  have  clear  spaces  on  both  sides  like  the  others.  The  area  of  occu- 
pied and  unoccupied  space  would  be  very  nearly  12  square  yards  to  a  man. 


i\ 


Fig.  97.— Chelsea  Barracks. 


Fig.  98.— New  R.  A.  Barracks  at  Seaforth. 


But  this  amoimt  of  compression,  which  would  be  injurious  in  a  large  city, 
will  do  no  harm  in  these  well-planned  and  ventilated  barracks. 
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(h)  Dap-Romm. — Tlic  soKlif^r  lives  and  sleeps  in  his  barrack  room  ;  it  liaa 
long  been  a  desideratum  Uy  introduce  clay'rtx>ma,*  but  at  present  the  exp^ense 
is  too  heavy.  Still  it  is  very  important  that  the  men  should  take  their  meals 
elsewhere  than  in  their  barrack  room*  and  in  some  barracks  a  room  is  pro- 
vided close  to  the  kitchen.  The  addition  of  a  few  verandahs  to  the  rooms 
Avould  be  less  expensive ;  where  reading-rooms  are  provided,  some  of  the 
purjwses  of  day-rooms  are  obtained. 

(c)  No7i'Cmnmissi(med  Officers^  Roorm, — Warrant  officers  and  school- 
masters are  entitled  to  two  rooms  and  a  kitchen.  Their  quarters  will  be 
separated  from  those  of  the  non-commisaioned  officers  and  men  whenever 
IKissihle  ;  married  i^nior  non-commissioned  officers  are  entitled  to  two  rooms. 
The  company  sergeants  have  one  room  each.  The  rooms  are  about  14  feet 
by  I2j  and  10  liigh,  and  contain  about  1680  cubic  feet  when  empty.  The 
amount  of  space  is  small,  and  as  many  of  the^e  non-commissioned  otticers  are 
married,  and  as  it  is  a  matter  of  justice  no  less  than  of  j>oliey  to  make  them 
as  comfortiible  as  possilile,  it  is  tt»  be  hoped  that  two  rooms  may  be  allowed 
to  every  married  man,  juid  three  in  the  case  of  all  the  senior  tion-eommi.^* 
sioned  officers.  The  non-commissioned  officers  should  be  looked  <m  in  the 
light  of  the  overlookers  of  a  factory  ;  they  are  even  more  essential  to  the 
good  working  of  the  army  than  the  overlookers  are  in  a  mill ;  but  no  mar- 
ried overlookers  would  ever  conceive  the  possibility  of  living  in  two  Tooms, 
in  one  of  which  cooking  must  be  done. 

{d)  Married  Soldiers*  Qimrifrs. — Seven  privates  in  a  company  of  100  men 
aiM?  allowed  t*>  be  married.  Formerly  they  were  placed  in  the  men's  barracks, 
a  spiw:e  lueing  screened  off^  but  now  they  are  entitled  to  separate  quarters, 
each  family  receiving  one  room  14  feet  by  12,  or  1C8  siipertieial  and  1680 
cubic  space. 

There  is  no  doubt  that  this  allowance  of  space  will  be  increased  in  accord- 
ance with  the  general  feeling  of  the  tiine,  which  is  strongly  against  the  mixing 
up  adults  and  cliildren  uf  all  ages  in  the  same  room.  The  amount  of  space 
also  18  really  much  too  small  Certainly  two  such  rooms  ought  to  be  givea 
to  eftch  married  private. 

As  no  man  under  the  rank  of  sergeant  is  ullowed  to  marry  until  he  has 
comy>leted  seven  years'  service,^  the  number  of  married  soldiers  must  become 
few(>r  and  fewer  with  the  shortrservice  system, 

Warming  of  Barrack  Rooms.— Th^e  rooms  are  warmed  by  Galton  grates  in 
two  ways — radiant  heat  from  an  open  fire,  and  warm  air,  which  is  obtamed 
from  an  air-rhamlwT  behind,  heated  by  the  fire*  The  external  air  is  led 
by  a  pipe  to  this  chaml:>er,  and  tben  ascending  enters  the  room  by  a  louvre. 
The  grates  are  iA  varii>us  sizes,  according  to  the  size  of  the  room.  Smallest 
—I  foot  3  inches  of  fire  «»|H'ning  for  rooms  of  3600  cubic  feet.  Middle— 1 
foot  5  inches  for  r<joms  of  3600  and  7800  cubic  feet,  I^rgest^ — 1  foot  9 
inches  up  to  12,000  cubic  feet.  Large  rooms  have  two  grates.  One  grate 
is  usually  provided  for  twelve  men. 

The  rtidiating  power  of  the  small  lierrack  grate  is  aided  by  a  well-armngod 
angle,  and  by  a  fire-clay  back  ;  as  the  fire  is  small,  however,  the  radiating 
power  is  not  gi-eat. 

In  the  wards  of  Fort  Pitt^  with  the  largest  size  of  grates,  tbe  mean  rapidity 
of  movement  of  warm  air  through  the  upper  slits  of  the  louvre,  with  a  good 
fire,  was  found  to  be  about  2  J  feet  per  second^  and  the  total  cubic  amount  of 

1  S«  Report  <if  ComtnUtee  (1856)»  p.  iv.  Tbe  objectionH  to  dny-rtwim  are— 1*^  more  \n\*our 
to  keep  dean  ;  2mi,  chanae  of  mim  Wing  debiim?r1  from  tlieir  l«*rrHck  room  iluriuff  <iAy  ;  5r*/, 
chance  of  dAy-room  Imng  appropruitotl  on  emerge ncitui.  The  ComnatU*i%  tlitfreiorv,  rt*aoiu* 
iiic'iul  only  d till  tig' rrHiiTiH  lor  the  nien,  to  be  luranged  near  tbe  kilcbeu,  if  posiiibte, 

3  gwecii\  Ikg.,  im&,  sect,  vil  pam.  1»3. 
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wiiriii  iiii^  entermg  per  hour  tlirougli  the  whole  louvre  was  (approximately) 
4000  eubii'  feel  per  hour,  with  a  mean  temperature  of  19^  in  excess  of  the 
external  air  tempeniture.  No  unasual  dryness  of  tlio  air  is  produced  by  tlie 
admission  of  this  quantity  of  warm  air,  the  relative  humidity  of  the  air  being 
about  70. 

The  movement  of  air  through  the  hot-air  louvres  in  not  regular;  open 
doors  and  windows,  which  increase  the  pressure  of  the  air  of  the  room  on  the 
louvre,  will  sometimes  delay  the  movement,  and,  if  the  air-chamber  is  not 
very  hot,  will  even  reverse  it  and  drive  the  air  down,  as  the  rapidity  of  move- 
ment in  the^e  hot-air  chambers  is  never  very  great ;  but  in  cold  weatheri 
when  tlie  doors  and  windows  are  ahut,  the  action  is  t<:)lerahly  regular* 

Vfntilaiion  of  Barrack  Rooms, — See  imder  Ventilation. 

AMuHon  Rootm, — Formerly  the  means  for  washing  were  of  a  very  rude 
kind,  but  now  in  all  barracks  regular  baaine  ivith  clean  water  and  discharge 
(lirty  water-pipes  are  provided  close  to  every  room,  in  the  proportion  of  one 
basin  to  four  men.  The  Ijaains  are  of  slate  or  iron.  In  several  cases  arrange^ 
ments  are  made  for  feet-wtLshing,  and  in  nearly  all  instances  there  are  also 
baths  for  each  regiment  The  Barrack  Improvement  Commissioners  recom- 
mend one  hath  to  every  100  men.  It  is  understood  to  be  the  desire  of  the 
Government  to  provide  i>lunge4mths  wherever  practicable,  and  this  would 
not  only  aid  cleanliness,  but  might  be  made  the  means  of  teaching  the  men 
swimming,  as  suggested  by  Mr  McLaren. 

If  water  be  scarce,  the  most  economical  kind  of  bath  is  a  shower-bath,  so 
arranged  as  to  permit  80  to  100  men  to  have  a  bath  at  once. 

Inspections  for  cleanliness  are  made  in  many  regiments.  They  should  be 
systematically  carried  on  under  the  direction  of  good  Bon-commissioned 
officers ;  but,  if  means  are  provided,  soldiers  mil  generally  be  cleanly. 

Kitchens.— Qt^dX  imjirovements  bavo  been  made  in  coolang  by  t;he  employ- 
ment of  better  ovens  and  boilers,  and  especially  by  making  use  of  steam,  as  in 
Warren's  cooking  stoves.    The  cost  of  fuel  per  head  has  been  greatly  reduced. 

The  opinion  of  the  medical  officer  will  seldom  be  asked  on  the  question  of 
construction,  at  any  rat<i  on  home  service.  He  may,  however,  l>e  referred  to 
on  the  question  of  consumption  of  fuel,  and  then  he  can  take  as  the  standard 
for  an  ordinary  good  appamtus  J  Bb  of  fuel  j>er  man  per  diem. 

More  often,  howe'^'er,  he  will  have  to  examine  the  cooking,  to  which 
reference  has  already  been  made.  The  chief  points  to  which  attention 
should  be  paid  are  the  temperature,  the  rapidity  of  its  application,  and  the 
ventilation  of  roasting  ovens.  Faulty  cooking  will  generally  he  found  to  be 
owijig  to  one  or  other  of  these  conditions. 

Formerly  the  regimental  cooking  estsiblishment  was  badly  arranged  ;  men 
cooked  by  tunis,  and  for  short  periods  only.  Now,  cooks  are  regularly 
trained  at  Aldei'shot 

The  other  parts  of  a  barrack  are — officers*  quarters;  laundry  (in  some 
cases)  J  workshops  for  tailor,  shoemaker,  and  armourer ;  orderly-room  ;  guard- 
room ;  cells ;  reading-room  (in  some  cases) ;  chapel  and  school,  which  ait^ 
i>ften  in  one ;  magazine ;  barrack-master's  and  quartermaster's  stores  for 
regimental  purposes,  bread,  and  meat. 

Gitard-RiHmi, — The  guard-room  for  a  regiment  of  infantry  has  a  size  of 
alxjut  24  feet  by  18,  and  14  feet  high ;  two  rooms  open  into  it — one  a  lock* 
up  for  prisoners,  the  other  a  room  where  prisoners  are  placed  whu  arc  not 
put  in  the  lock-up.  In  many  barracks,  however,  the  lock-up  is  placed  near 
the  cells.  The  guard-room  is  ventOated  like  the  other  rooms,  with  Shering- 
ham  valves,  sliafts,  &c.  It  should  be  fitted  with  a  drying  closet  by  the  side 
of  the  fire,  to  dry  the  men's  clothes  when  they  come  in  wet  off  sentry. 
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CrllF. — Tbe  cells  are  ranged  on  one  or  both  mdes  of  a  corridor.  They  are 
10  feet  long,  8  wide,  and  10  high  (  =  800  cubic  feet),  with  one  window,  2 
feet  9  inches  wide  by  1  foot  3  inches  high,  placed  at  the  top  of  the  wall,  and 
guarded  by  iron  bars.  A  movable  iron  shutter  is  sometimes  added  for 
security,  and  to  make  the  cell  a  dark  one  if  needed.  Fresh  air  is  admitted 
through  a  grating  opening  from  the  corridor,  which  is  warmed.  The  air 
enters  below,  or  in  some  cases  above ;  but  the  former  arrangement  is  the  best, 
A  foid-air  shaft  runs  from  the  top  of  the  room.  Two  cells  are  provided  for 
every  100  men.     A  medical  officer  inspects  the  cells  every  day. 

Lairints  and  Urinah. — Formerly,  urine  tubs  were  brought  into  barrack 
rooms  every  night ;  the  tubs  were  charred  inside,  and  emptied  every  morn- 
ing iind  filled  with  water  during  the  day.  In  all  barracks  urinals  are  now 
introduced  ;  they  are  placed  at  the  end  of  the  passage  beyond  the  ablution 
room.  It  is  found  by  the  men  that  this  is  inconvenient;  the  passage  is 
often  wet  and  cold.  In  some  of  the  later  barmcks  they  are  pkced  in  the 
centre  of  the  building. 

Cesspits  are  now  discontinued  in  all  barracks,  and  water  latrines  are 
used  The  latrines  are  placed  at  some  little  ilistance  from  the  rooms,  and 
are  usually  connected  with  them  by  a  covered  way ;  in  almost  all  barracks 
they  are  Jennings'  or  Macfarlaoe's  patents.  These  are  metal  or  earthenware 
troughs,  which  are  one-iliird  full  of  water.  Twice  a  day  a  trap-door  is  lifted, 
the  latrine  is  flushed,  and  the  soil  flows  into  a  sewer  or  tunk  at  a  distance. 
A  hydmnt  is  now  frequently  placed  close  to  the  latrine ;  an  india-rubber  pipe 
can  be  connected  with  it,  and  the  seats  and  floor  of  the  latrine  are  thoroughly 
washed  in  this  way  twice  daily.  Automatic  flush  tanks  might  also  be  uead. 
Probably  it  would  be  diflicuJt  to  suggest  anything  better  than  this,  although 
soldiers  can  be  taught  to  use  water-closets  like  other  people,  and  do  not 
damage  them.  If  water-closets  are  used,  a  plan  suggested  by  Mr  WOliams, 
C.E.,  clerk  of  tlie  works  at  Gravesend,  seems  a  very  good  one.  It  is  to  have 
the  water-closets  at  the  top  of  a  two-storied  building,  to  the  central  part 
of  which  they  form  a  small  third  storey.  In  this  way  the  following  advan- 
tages are  secured  : — vicinity  to  the  men — imder  the  same  roof,  yet  with 
perfect  ventilation  ;  impossibility  of  effluvia  passing  down ;  proximity  to  the 
cistern  ;  and  a  good  fall.  At  present,  however,  it  seems  better  to  keep  to 
the  water  latrines  outside  the  barracks. 


Cavalry  Barracks, 

In  many  enses  the  men's  rooms  are  placed  over  the  stables,  and  there  has 
been  much  discussion  as  to  whether  this  arrangement  is  a  good  one.  On 
the  one  hand,  the  men  get  more  room,  as  the  horses  cannot  be  crowded, 
and  they  are  near  their  horses.  On  the  other  hand,  there  is  strong  evidence 
that  the  effluvia  from  the  stables  pass  into  the  men's  rooms  overhead ;  *  and 
although  no  statistical  proof  has  been  furnished  that  this  has  produced 
sickness  among  the  men,  we  may  safely  u  priori  conclude  that  it  ia  objec- 
tionable. The  evidence  of  mews  in  London  is  not  in  point,  as  they  ore 
often  close,  ill- ventilated  courts,  independent  of  the  stables  in  them.  Be- 
sides, this  evidence  is  as  yet  rather  contradictory. 

The  question,  has,  however,  been  solved  by  a  Report  on  the  Ventiiaium  of 
Cavalry  Siabifs  (1863),'^  by  the  Barrack  Improvement  Commissionera,  who 

t  See  especially  the  evidence  of  Mr  Wilkinson,  fonnerly  Principal  Veterinary  Surgeon  to  the 
Amiy  ;  Iteport  of  Barrack  CbmmiUee  (1865),  p.  136,  question  '2282 ;  also  tbe  Report  on  tkt 
VtntiUtion  qf  Cavalry  SUibUt  (1863).    Mr  F.  BtmXh'B  Vettrinar^  Hygiok^,  1887,  may  alao  be 

COnBUlt4ML 

*  Rfport  qf  Barrack  and  Bonpitul  Improvement  CummiMtiani  tigned  by  Sir  Richftrd  Alfey, 
CkpUia  OtJtoii,  Dt  Sutherknd,  Dr  Logan,  and  Captain  Belfield. 
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have  shown  that  the  ventilation  and  lighting  of  stahles  can  only  be  satlPi 
factorLly  carried  out  in  one-storied  buildings  (which  allow  of  ridge  ventiJA- 
tion),  and  who,  therefore,  recommend  that  the  men's  rooms  shall  not  be 
placed  over  stahles. 

Stables. — The  medical  officer  has  no  duties  connected  with  stables,  except 
Uy  see  that  they  are  in  no  way  injurious  to  the  hejdth  of  the  men  ;  but  it 
may  be  well  to  give  the  suggeetionK  made  by  the  Barrack  Improvement 
Commiasi  oners. 

In  all  the  old  stables,  if  it  is  not  already  done,  ventilating  shafts  are  lo 
he  carried  up,  air-bricks  introduced,  and  more  window  spaee  to  be  givem- 

Whenever  stables  are  to  he  built  in  future,  it  is  recommended  that  the 
huOding  should  be  one-stcDried ;  that  the  breadth  shoidd  be  33  feet ;  the 
height  of  the  side- walls  to  the  springs  12  •  and  of  the  roof,  8^  feet  more. 
The  breadth  of  each  stall  is  to  be  5|  feet,  and  there  are  to  be  only  two 
rows  of  horses  in  each  stable.  Each  horse  is  to  have  100  superficial  feet» 
tmd  160p5  cubic  fcetj  the  ventilation  is  by  the  roof,  and  is  formed  by  a 
louvre  16  inches  wide  carried  from  end  to  eUd,  and  giving  4  square  feet  of 
ventilating  outlet  for  e^icb  horse.  A  course  of  air-bricks  is  carried  round  at 
the  e^ves,  giving  I  square  loot  of  inlet  to  each  horse ;  an  air-brick  is  intrcK 
duced  about  6  inches  from  the  ground  in  every  two  stalls.  There  is  a 
swing  window  for  every  stall,  and  spaces  are  left  below  the  doors.  In  ihi» 
way,  and  by  attention  to  surface  drainage  and  roof  lighting,  it  is  antici- 
pated that  stables  will  become  perfectly  healUiy.  Some  experiments  were 
made  some  years  ago  by  de  Chaumont  on  the  air  of  some  artillery  stables 
at  Ililsea.  In  one  stable,  with  32  ventilators,  and  with  655  cubic  feet  per 
horse,  the  total  COg  was  1053  volmues  per  1000;  in  another,  with  1000 
cubic  feet  per  horse,  and  with  420  air-bricks,  25  windows,  and  a  lidge 
openings  it  was  0*573  volumes  per  1000.  The  last  experiment  piints  to 
great  apparent  purity  of  the  air,  hut  Mr  F.  Smith  (Army  Veterinary  Departs 
ment)  has  shown  that  such  experiments  are  affected  by  the  presence  of 
ammouia  from  the  urine,  and  special  precautiona  must  be  token  to  gel 
really  trustworthy  result,^ 

Reports  on  Barracks, 

The  Kegulations  order  the  form  in  which  reports  on  barracks  shall 
sent  in.  The  arrangements  should  be  strictly  foUowed;  it  compi^heii 
site»  construction,  external  ventilation,  internal  ventilation,  basements, 
administration.  It  is  then  certain  that  no  point  will  bo  overlooked ; 
if  nothing  can  be  made  out  after  going  thoroughly  through  all  the  he 
ings,  it  may  he  concluded  that  the  causae  of  any  prevailing  sicknasa  must 
be  sought  elsewhere.  The  site  and  basement  should  l>e  especially  looked 
at;  every  cellar  should  be  entered,  and  the  drainage  thoroughly  investi- 
gated. Little  can  be  le^amed  by  merely  walking  through  a  Imrrack  rooru, 
which  is  nearly  sure  to  look  clean,  and  may  present  nothing  obviously 
wrong.  With  respect  Uy  ventilation,  the  statements  of  soldiera  can  seldom 
be  trusted ;  they  are  accustomed  to  vitiated  air,  jmd  do  not  |>crceivo  it» 
odour.  The  proper  time  to  examine  the  air  of  a  room  is  about  12  to  3  A.M., 
and  the  mediciil  oHicer  mighty  with  advantage,  visit  barmck  rooms  between 
midnight  and  3  a.m.  every  now  and  then.  The  cisterns  should  bo  reguliirly 
inspected. 

The  wall  and  floors  of  the  rooms  should  bo  carefully  looked  to.     Wall** 


S«e  Vderinary  Hjtgkm^  1887,  ik  lOS. 
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are  porous,  and  often  become  impregnuted  with  organic  matter.  If  there  is 
any  suspicion  of  ihi%  they  should  Im  scraped  and  then  well  washed  with 
quicklime.  Care  should  he  taken  to  see  that  tlio  lime  is  really  caustic  ; 
chalk  and  water  does  little  good.  Collections  of  dirt  form  under  tlie  flours 
sometimes,  and  a  board  might  be  taken  up  to  see  if  thie  id  the  case. 

StTB-SECTioN  II. — Barracks  tN  Forts  and  Citaoblb. 


In  fortified  places  it  is,  ol  course,  often  impossiblei  to  follow  the  examples 
of  good  barracks  just  given.  Citadels  may  have  little  ground  space  ;  build- 
ings must  be  compressed,  guarded  fxom  shot,  made  with  thick  and  bomb- 
|jrouf  walk,  with  few  open  logs.  Buildings  are  some  times  underground. 
Drainage  is  often  liitiicult,  or  impossible  j  and  if  to  all  these  causes  of 
contamination  of  air  we  add  a  deficiency  of  water,  which  is  conmion 
enough,  it  will  not  surprise  us  that  the  sickness  and  mortahty  in  forts^ 
in  even  healthy  localities,  are  greater  than  shoultl  be  the  case.  Both  at 
Malta  and  Gibraltar  there  Wiis  for  years  too  large  a  mortality  from  enteric 
fever,  and  from  the  destructive  lung  diseases,  which  appeared  in  the  returns 
as  phthisis.  The  special  difficulties  of  casemates  are  as  follows :  dampness, 
which  is  very  ccmimon  in  all  cjisemates,  so  that  the  moisture  often  stands 
in  drops  on  the  walla ;  a  low  temperature ;  a  want  of  ventilation ;  and  a 
want  of  light. 

How  these  difficulties  are  to  be  met  is  one  of  the  most  difficult  problems 
the  miHtary  engineer  has  before  bim.  How,  without  weakening  his  de- 
fences, he  is  to  get  light  and  air  into  the  buildings,  and  an  efficient  sewerage, 
would  test  the  ingenuity  of  a  BruneL  Special  means  of  ventilation  must 
be  provided  when  the  defences  close  the  usual  openings ;  tubes  must  be 
^  carried  up,  and,  if  necessarily  winding,  an  enlarged  area  might,  perhaps, 
H      cumpensate  for  this. 

^1  It  must  1h5  said,  also,  that  it  is  quite  certain  that  in  our  fortified  places 
^1  many  of  the  arrangements  are  much  worse  than  they  need  be,  and  that  the 
^m  sanitary  rules  deducible  from  home  experience  should  be  applied  in  every 
^H   Hise  when  the  defensive  properties  are  not  interfered  with. 


Sub-iSectiox  IlL — ^Barracks  in  Hot  Climates. 


Tlie  older  Imrracks  in  both  the  East  and  West  Indies  wen^  often  merely 
copies  of  the  English  barrack  square.  In  some  ciise-s,  also,  the  exigencies 
of  dcfinice  led  to  a  cramped  and  irregular  plan,  imd  owing  to  the  little 
attention  which  was  paid  either  to  i\w  heidth  or  comfort  of  the  soldier, 
overcrowding  and  deficient  ventOation  Avere  as  common  in  the  tropica  as  at 
homo*  For  several  yeai^  there  has  been  a  gradual  improvement,  and  in 
India  cs|X'cially  vast  and  extensive  palaces  have  been  reared  in  many  sta- 
tions, which  testify  at  any  rate  to  the  anxiety  of  the  Government  to  house 
their  soldiers  properly.^ 

1  SotD«  of  tbefte  grvat  bamtcks,  aa  at  Allah abad,  have  not  given  aatisfactjoo,  aod  bare 
been  found  m  hot  or  even  hotter  than  the  old  \)arrack«.  But  this  appears  to  have  been  from 
not  attending  to  the  rule  never  to  let  the  iiin*n  rays  fall  on  a  main  wait,  but  to  ahadow  the 
wall  by  a  verandah.  The  double  roof  alao  has  apparently  not  been  antEcieutiT  double,  i.i.« 
the  o))eninga  above  and  below,  to  allow  the  air  to  circulate,  have  not  been  large  encrogb  ; 
ventilatoiv  nave  alfto  not  been  put  to  the  veiandahs,  io  that  the  heated  maaa  of  air  eamiok 
aaccnd.  Notbinf^  tende  to  cause  greater  heat  tban  stagnancy  of  the  air,  as  may  be  Men  by 
the  ease  with  which  watci-  may  d«  boiled  in  a  close  vessel  bv  the  rava  of  the  sun,  even  in 
England.  The  objection  to  the  palaces  whicb  bave  been  built  in  InOia  since  the  mutiny  la 
not  so  much  to  the  priueiple  of  the  bairaclu^  but  to  eome  fiiultH  in  oonetmctioin,  and  eapedaliy 
to  their  localitiesj  vu.  in  the  plaint  instead  of  in  the  hills  in  many  oaies. 
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It  will  be  desirable  to  refer  here  chiefly  to  the  Indian  barracks,  but  the 
same  principles  apply  to  all  hot  countries. 

The  Indian  Armtf  Meffulationit^  .sanction  the  following  scale  of  superficial 
and  cubic  space  for  European  and  native  troops  in  India.  In  the  plaiTi*: 
superficial  space,  90  feet;  cubic  space,  1800  feet;  height  of  room,  20  feet; 
width,  24  feet.  The  barracks  to  be  two-storied,  with  a  verandah  10  feet 
wide  ;  not  more  than  24  men  to  be  placed  in  one  room.  In  the  hilts:  60 
square  feet^  and  600  cubic  feet  per  man  ;  height  of  room  10  feet ;  width  22 
feet. 

In  1857  and  1858  the  Bengal  Government  ordered  standard  plans  to  be 
preimred,  and  some  barracks  have  been  built  in  accordance  with  them, 
A  description  and  figures  will  be  found  in  the  foi-mer  editions  of  this  work. 
In  1863  the  Governor-General  of  India  in  Council  ordered  a  renewed 
inquiry  into  the  matter,  and  Colonel  Crommelin  submitted  altered  designs 
for  barracks,  wMch  were  Bubsequently  submitted  to  the  Bengal^  Madras^ 
and  Bombay  Governments,  and  to  the  Army  Sanitiiry  Committee  at  home. 
The  plan  of  these  new  Ijan-acks  is  essentially  that  proposed  by  tlie  Indian 
Sanitary  Commission  ;  while  the  preparation  of  the  detailed  design  is  left 
to  the  local  officers,  certain  general  principles  are  strictly  laid  down^  and 
standard  plans  suitable  for  different  localities  are  furnished  for  guidance. 
The  number  of  men  to  be  placed  imder  one  roof  is  fixed  at  40  or  50  (half 
company  barrackB),  except  under  exceptional  circumstances;  the  number 
of  men  in  one  room  is  to  bo  16  to  20,  and  not  to  exceed  24 ;  the  baixacka 
are  to  be  two^toried  in  the  plains,  and  one  or  two-storied  in  the  hills, 
both  floors  being  used  for  dormitories;  single  verandahs  of  10  or  12  feet 
wide  surround  these  rooms.  There  are  to  be  only  two  rows  of  beds  in  the 
dormitories  ;  the  beds  are  to  be  9  inches  from  the  wall,  and  only  two  lM?ds 
are  to  be  in  tlie  wall  space  between  two  contiguous  doors  {or  windows) ;  in 
the  plains  each  bed  is  to  have  7i  feet  of  ruimiiig  wall  space,  in  the  hills  7* 
The  general  arrangements  of  the  building  are  based  on  the  suggestions  of 
the  Royal  Indian  Sanitary  Commission,  At  each  end  of  the  dormitory  are 
closets  and  night  urinals ;  and  what  appears  to  be  the  best  plan  places  these 
at  the  extreme  end  of  the  verandali^  leaving  a  space  between  them  and  the 
dormitory. 

The  lower  story  in  tlje  plains  was  intended  to  be  useil  as  a  day-room, 
but  it  appears  that  this  has  not  been  comfortable  for  the  men,  and  botii 
floors  are  now  used  as  dormitories. 

The  married  people's  quarters  are  to  bo  grouped  in  small  one-stnried 
blocks,  each  block  holding  the  married  ])eople  of  a  company  or  troop.  Two 
rooms  (16  f eet  x  14  feet  and  14  x  10  feet)  are  provided  for  each  family  ; 
verandahs,  12  tmd  10  feet  wide,  are  provided. 

In  all  these  arrangement's  it  wiU  be  perceived  that  the  essential  prin- 
ciples of  the  home  barracks  are  preserved ;  long,  thin,  narrow  lines  of 
buildings,  with  thorough  cross  ventilation,  with  the  sleeping-rooms  rai^id 
weU  ofl"  the  ground,  would  certainly  appear  to  be  as  good  an  arrangement 
as  could  be  devised*  A  few  more  remarks  on  some  of  the  points  have  to 
be  made. 

1.  Siu  of  Hoitses. — If  there  be  no  strotig  military  reasons  to  the  contrary, 
it  seems  certaiu  that  it  is  even  more  important  in  India  than  in  England  to 
spread  the  men  over  the  widest  available  area,  and  not  to  place  more  thaD 
fifty  men  in  a  single  block,  and  twenty-five  men  in  a  single  room  ;  and 
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tborofore  the  projxiscd  plan  18  most  desirable.  There  has  been  an  objection 
raised^  that  small  detached  liouses  in  the  hot  plains  of  India,  not  having 
tmy  large  space  in  slmdow,  get  everywhere  heated  by  the  sun's  rays,  tind 
become  very  hot  The  objection  18  theoretical ;  it  is  the  immense  blocks 
of  masonry  used  in  the  construction  of  large  buildings  which  are  to  bo 
avoided  as  much  as  possible,  since,  once  heated,  they  take  hoiirs  to  cool. 

2,  Arrangemeni  of  ifoiM«».— Broadside  on  to  the  prevalent  wind,  and  dis- 
position tn,  Schelon^  as  now  adopted  in  India,  is  obviously  the  proper  plan. 
The  oidy  exception  will  be  when  tliere  are  marsh  or  gully  winds  to  1>e 
avoided,  and  then  the  houses  should  be  placed  end-on  to  the  deleterious 
wind  ;  and  no  windows  should  open  on  that  side.  But  it  is  seldom  such  a 
site  would  be  selected  or  kept. 

If  a  barrack  is  built  on  a  slope,  and  the  ground  is  terraced,  the  Army 
Sanitiiry  Committee  have  recommended  that  the  barrack  should  be  placed 
tjod-on  to  the  side  of  the  hill,  and  not  ne^irer  the  slope  than  20  to  30  feet. 
But  terracing  should  be  avoided  as  much  as  possible. 

3.  Brmdth  of  Housrs,—A8  in  England,  it  is  important  to  have  only  two 
rows  of  beds  in  each  room,  and  to  keep  the  houses  under  30  feet  in  width, 
ao  as  to  permit  effective  perHation.  A  single  verandah  is  as  good  as  a 
double  one  in  keeping  olT  the  direct  rays  of  the  sun  from  the  walls  of  a 
house,  and  two  veraudjilis  (one  inner  tuid  one  out(?r)  add  to  the  breadth  to 
be  ventilated.  The  width  of  the  verandidis  must  be  10  to  12  feet ;  and  on 
the  southern  and  western  slides  woollen  jfdousies  may  have  to  be  placed  so 
as  to  occupy  3  or  4  feet  at  the  upper  part  of  the  verandah. 

Verandahs  diould  be  ventilated  by  openings  at  the  highest  part,  so  as  to 
have  a  free  movement  of  air  through  them  ;  this  is  very  important.  If  there 
are  two  storie^  the  roof  of  the  upfier  verandah  ahonld  be  double. 

Moteriah  of  Building. — On  this  point  tliere  is  little  choice,  for  the  risk  of 
fire  renders  the  use  of  wood  undesirable  for  walls  and  roofs.  And  yet  apart 
from  this  risk,  loosely  joined  wood,  or  frames  of  bamboo,  have  the  great 
advantage  of  allomng  air  to  pass  through  the  walls.  Brick  or  intone  has 
therefore  to  be  ased.  In  India,  .sim-dried  brick  {kachii\  covered  \rith  cement, 
or  faced  with  burnt  brick,  is  often  used ;  and  the  remains  of  Babylon  or 
Kineveh  show  how  imperishable  a  material  this  is  if  properly  protected.  It 
is  said  to  bo  a  cooler  material  than  burnt  brick  (pQkkd\  but  it  absorbs  a 
great  dexil  of  moisture. 

Iron  barracks  were  sent  out  from  Enf:,dand  during  the  mutiny ,  but  were 
said  to  be  hot,  and  were  not  liked  ;  but  iron  frames  have  been  usefully 
employed,  the  intervals  being  filled  up  with  unburnt  bricks.  There  is, 
however,  a  very  general  feeling  agiiinst  unlnimt  brick,  on  account  of  the 
moisture  it  absorbs  and  retains.  Tlie  concrete  walls  now  coming  so  much 
into  use  in  England  would  be  particularly  adapted  for  India,  and  have  been 
used  for  private  residences ;  they  are  cheap  and  dry,  and  are  well  spoken  of, 

CoTiHiruction  of  tht  Building.— The  three  points  to  be  aimed  at  are — avoid- 
ing the  malaria  and  dampness  of  the  ground,  should  tliere  be  any  risk  of 
this ;  insuring  coolness ;  providing  ventilation. 

(a)  Emplaymeni  of  Open  Arches  for  the  Basement. — ^The  extraordinary 
diminution  in  the  risk  of  malaria  by  elevating  the  building  only  a  few  feet 
above  the  ground,  and  allowing  a  free  current  of  air  under  the  house,  is  illus- 
trated in  various  parts  of  the  world  :  along  the  banks  of  the  lower  Danube, 
in  the  plains  of  Burmah  and  Siam,  &c.  But  another  great  benefit  is 
obtained  ;  dryness  and  freedom  from  pent-up,  stagnant,  and  often  septic 
masses  of  air  are  insured^  so  that^  even  when  the  soil  is  not  distinctly 
malarious,  buildings  should  be  raised.     In  a  malarious  country  the  height  of 
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the  ground -fioor  above  the  ground  should  be  8  or  10  feet;  in  non-molaricKB 
distncts  3  or  4  feet  are  sufficient,  but  it  should  always  be  high  end^n 
to  allow  cIea^in^^  j 

(b)  Walls. — Very  thick  brick  walls  do  not  add  to  coolness  (CheversX  ^^ 
being  thoroughly  heated  during  the  day,  give  out  ht^at  all  night,  Tlie  direel 
rays  of  the  sun  should  not  be  allowed  to  fall  on  any  part  of  the  main  wbUJ 
This  will  be  found  one  of  the  mo.'^t  important  niles  for  insuring  coolnesK. 
Double  main  walls,  WLtli  a  wide  space  between,  and  free  openings  above  and 
below,  so  as  to  admit  u  t!onstant  movement  of  air  between,  is  the  eooleat  plan 
known.  Considering  the  excellent  ventilation  which  goes  on  in  bamboo  and 
wooden  houses,  it  may  be  a  question  whether,  in  the  warm  parte  of  India, 
the  wallif  might  not  be  made,  as  far  as  possible,  permeable ;  at  any  rate, 
above  the  heads  of  the  men.  ^Yliitening  the  outside  walls  reflects  the  beat, 
but  is  dazzling  to  the  eye.** ;  almost  us  gotxl  reflection,  and  much  less  dazadi 
is  obtained  by  using  a  slight  amount  of  yellow  or  light-blue  colour  in 
cement  or  lime-wash. 

(c)  Floors, — The  materials  at  present  used  are  flagstones  (in  Bengal),  »lai 
(in  some  barmcks  in  the  Punjab),  greenstone  (in  some  Madras  barracki*),  till 
bricks  placed  on  end  and  covered  with  concrete,  pounded  brick  and 
beaten  into  a  solid  concrete  and  phistered  with  lime,  broken  nodulated  lime-' 
stone  or  kankar  (in  places  where  the  masses  of  kankar  are  foiind,  as  in 
Bengal),  asphalt,  pitch  and  sand,  wood  (Chevers).  Of  these  various  materials, 
the  asphalt  gcte  soft  and  is  objectionable  ;  the  cements  and  kankar  wear  into 
holes,  produce  dust,  and  liave  been  supposed  to  cause  ophthalmia  (Chevei»)j 
wood  is  liable  to  attticks  of  white  ants,  &tc. 

On  the  whole,  it  would  seem  that  good  wood  (if  there  be  a  space  beW 
the  barracks  thorougMy  ventilated)  wuth  brick  supports  is  the  best,  and  afl 
this  tiles. 

(d)  Hmfs. — Doul>le  roofs  of  well-burnt  tiles  are  now  usually  employed, 
and  are  made  slanting,  and  not  terraced.  The  tenaced  roofs,  if  made  single 
(t.e.,  with  battens  on  the  joists  covered  with  kankar),  conduct  heat  too 
fre*dy,  and  crack  during  tlie  hot  weather  ;  but  if  made  double,  with  a  good 
current  of  air,  there  is  an  advantage  in  giving  a  promenade  to  the  men,  and 
also,  at  some  seasons  of  the  year,  the  roof  may  be  most  advantageously  used 
Es  a  sleeping-place  :  tliey  are  apt  to  leak,  however,  and  are  always  a  source 
trouble  on  this  account. 

ThB  sloping  roofs  are  better  adapted  for  ventilation.     The  coolest  roof 
made  of  tile^,  covered  with  thatch  ;  thatch  is  dangerous  on  account  of  fi 
imd  harbours  vermin  and  insects.     If  there  is  a  good  space  between  the 
roofs,  and  if  there  arc  sufficient  openings  to  permit  a  good  current  of  air, 
tile  roofs  are  as  cool  as  any. 

(e)  Doors  and  Wirulows.^^lXi^m  are  now  always  made  very  nmnerotis,  and, 
opixwite  each  other,  so  as  to  permit  perfect  perflation.  The  official  Suggi 
tiom  order  one  window  for  every  tw  o  beds.  Five  doors  are  recommend* 
for  each  room  of  twenty-iive  men  ;  and  Norman  Chevers  gives  a  good  rule : 
a  light  placed  in  the  centre  at  night  should  be  seen  on  all  sides.  Upper  as 
well  as  low^or  windows — a  clerestory,  in  fact— are  osefid ;  the  lower  windows 
should  then  open  to  the  ground.  In  most  of  the  stations  in  northern  India 
the  windows  miL'itt  be  glazed. 

The  Committee  apiKiinted  io  curry  out  the  suggestions  of  the  Indij 
Sanitfiry  Coraniia^ion  have  reconmienderi  that  each  window  should  co] 
of  two  parts — thn  upper  portion,  about  2  feet  in  depth,  being  hinged  on  il 
lower  eilgo  Uy  fall  inwards,  so  as  to  direct  the  currents  of  air  towards 
ceiling  of  the  room. 
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Ventilation  of  Tropicai  and  Subtropical  Barrack*. 

If  Imrracks  are  not  made  too  broad,  and  are  properly  placed,  the  same 
principles  of  ventOation  may  be  applied  to  them  as  to  barracks  at  home. 
The  perflation  of  the  wind  should  be  obtained  as  freely  as  possible.  The 
numerous  doors  and  windows,  however,  render  it  unnecessary  to  pro\ide 
special  inlets ;  outlets  should,  aa  at  home,  be  at  the  top  of  Uie  room,  either 
along  the  ridge,  or,  if  of  shafts,  they  sJionld  be  carried  up  some  distance ;  if 
they  are  made  of  masomry,  and  paint^Ml  black,  the  sun^s  rays  Avill  cause  a 
good  u|^K!urrent.  The  area  of  the  shaf ti5  is  ordered  ^  to  be  1  square  inch  to 
every  15  or  20  cubic  feet,  with  louvres  above  aud  inverted  louvres  below. 
In  the  lower  rooms  these  shafts  are  to  be  built  in  the  walls ;  in  the  upper 
rooma  to  be  in  the  centre. 

In  many  parts  of  India,  however,  at  particular  times  of  the  year,  the  air 
is  both  hot  and  stagnant ;  in  such  stations  artificial  ventilation  must  be 
employed,  and  the  forcing  in  of  air  offers  greater  advantages  than  the 
method  by  aspirtition.  The  wheel  of  Desaguliers  was  introduced  into  India 
many  years  ago  by  Dr  RiUikine,  and,  under  the  name  of  **  Thermantidote," 
is  frequently  used  in  private  houses  and  hospitals.  Wheels  may  be  used  of 
a  largi;r  kind,  and  driven  by  horses  and  bullocks,  or  steam  or  water  power. 
The  great  advantages  are  that  the  air  is  put  in  motion  and  can  be  cooled  hy 
evaporation. 

The  common  punkah  is  a  ventilator,  as  it  displaces  masses  of  air;  the 
wavers  pass  far  beyond  the  building,  and  are  replaced  by  fresh  air  waves 
entering  in.  An  improved  punkah,  worked  hy  horse  or  bullock,  and  sup- 
plied with  water  for  evaporation,  was  devised  by  the  late  Captain  ^loorsom 
of  the  52nd  Regiment ;  it  is  described  and  figured  in  the  Report  of  the 
Indian  Sanitary  Commi^ion^  but  has  never  been  taken  into  general  use. 

Ventilation  in  moat  parts  of  India  must  be  combined  with  plans  for  cool- 
ing, and  often  for  moistening  the  air. 

Cooling  of  Air, — Wlien  the  air  is  drj^,  i.e.,  when  the  relative  humidity  is 
low,  there  is  no  ditficulty  in  cooling  the  air  to  almost  any  extent.  If  the 
air  be  moving,  this  is  still  easier.  Tlie  evaporation  of  water  is  the  great 
Cooling  agency.  A  drop  of  water  in  evaixirating  absorbs  as  much  heat  a;* 
would  raise  967  equal  drops  1*  Fahr.,  or,  in  other  words,  the  evapuration  of 
a  gallon  of  water  absorbs  as  much  heat  from  the  air  as  would  raise  4i 
gallons  of  water  from  zero  to  the  boiling-point.  As  the  specific  heat  of  an 
equal  weight  of  air  is  J  that  of  water,  it  follows  that  the  evaporation  of  1 
gallon  or  10  lb  of  water  wiU  cool  (10  x  4  x  967)  38,680  lb  of  air,  or  477,637 
ctibic  feet  of  air  V  Fahr. ;  or,  to  put  it  in  another  way,  the  evaporation  of 
1  gallon  of  water  will  reduce  26,216  cubic  feet  of  air  from  SO**  to  60'  Fahr, 
If  thoroughly  utilised,  IJ  gallons  per  head  would  he  the  allowance  for 
twelve  hours,  but  as  the  full  work  is  never  got  out  of  any  material,  this 
quantity  ought  in  practice  to  be  doubled.  In  India,  the  temperature  of  a 
hot  dry  wind  is  often  reduced  16"  to  20"  by  blowing  through  wet  kuskus 
tatties  ;  merely  sprinkling  water  on  the  floors  has  a  perceptible  efl*ect  on  the 
temperature. 

When  the  air  is  stagnant  cooling  is  less  easy.  In  India  it  is  often 
attempted,  in  a  still  atmosphere,  to  insure  coolness  by  creating  currents  of 
air  either  hy  the  simple  pmikah  or  by  thermantidotea ;  these  act  by  m- 
creasing  evaporation  from  the  body,  and  they  certainty  do  away  with  tht? 
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oppressiveness  of  a  still  atmosphere.  But  evaporation  of  water  must  be 
jilso  employed  if  the  atmosphere  is  dry. 

In  the  case  of  a  thermantidote,  thin  wet  mate  made  of  ktiskus  grass  are 
fiUBpended  in  a  short  diBchai^e-tnbe,  or  ice  placed  in  the  channel,  through 
which  the  heated  air  passes,  Avill  answer  equally  well. 

Wlien  water  is  abnndant,  other  cotitrivances  may  be  employed-  A  stream 
of  water  i^soes  from  a  small  orifice  with  a  high  velocity,  and,  impinging  on 
a  round  iron  plate  about  an  inch  or  two  from  the  orifice.,  is  beautifully 
pulverised.  Or  the  lieautiful  aheet-wat-er  foim tains  used  to  wash  air  for 
ventilation  might  be  employed.  In  the  old  Roman,  and  some  Italian 
houses,  coolness  was  obtained  by  a  foimtain  in  the  central  court ;  and 
where  it  can  be  done,  the  mrjre  common  employment  of  fountains  in  the 
houses  in  the  hot  parts  of  India  may  be  suggested* 

Cooling  is,  then,  easy  when  the  air  is  dry,  or  is  not  moister  than  70  per 
cent  tif  saturation ;  but  when  the  air  is  very  moist,  and  almost  saturated,  as 
is  often  the  case  during  the  rains,  and  is  at  the  same  time  still,  evaporation 
is  very  slow.  What  can  he  done  ?  Of  course,  the  air  must  be  set  in  motion 
by  mechanical  niefms.  But  how  is  it  to  bo  cooled  ?  Two  plans  siiggeet 
themselves — ttiking  the  air  through  a  deep  tunnel,  and  the  employment  of  icseu 

The  tunnel  plan  waa  tried  some  years  ago  at  Agra,  and  was  not  well 
Uiought  «if.  But  everything  depends  on  the  mode  of  making  tlie  tunneL 
It  must  he  deep  enough  to  get  into  a  cold  stratum  of  earth.  Recent  in  vest  i* 
gations  into  the  composition  of  the  ground  air  give  additional  reasons  fop 
objecting  to  the  tuimel  plan^  unless  the  utmost  care  were  taken  to  prevent 
the  ground  air  being  delivered  into  the  dwellings. 

The  Chinese,  in  the  north  of  Cliina,  suspend  lumps  of  ice  in  their  rooma 
during  the  summer  ;  but  this  seems  a  wasteful  plan.  Ice  in  tunnels  would 
have  a  much  greater  effect.  If  the  ice  cannot  be  obtained,  freezing  mixtures 
might  possibly  be  used,  if  the  expense  were  not  a  bar. 

Aiflution  Booms.— In  India  every  private  house,  and  almost  every  room  in  a 
house  belonging  to  a  European,  has  its  l^ath-room.  ^Vnd  not  only  the  luxury, 
but  the  benefit  is  so  great^  that  bath-rooms  should  be  considered  essential 
to  every  barrack.  For  the  usual  purposes  of  ablution^  the  plan  now  used 
on  home  service  is  the  best ;  hut  it  is  in  almost  every  barrack  supplemented 
by  a  pimige-bath.  The  supply  of  water  is  in  most  cases  almost  unlimited. 
In  order  that  this  shaU  be  efficiently  given,  the  old  plan  of  carrying  water 
by  hand  must  be  given  up ;  water  in  large  quantity  must  be  laid  on  in  pipes, 
and  cisterns  shoidd  feed  the  ablution  rooms  and  supply  water  for  the  urinals. 
So  e^ential  must  baths  he  considered  for  health,  that  a  large  supply  of  water 
should  be  considered  a  necessary  condition  in  the  choice  of  site.  The  dis- 
posal of  the  water  after  use  is  a  qtieation  for  the  engineer ;  but  it  must  not 
be  permitted  to  soak  into  the  ground  near  the  barrueks  ;  it  might  seem  super- 
ftuous  to  notice  this,  if  the  custom  of  allowing  the  ablution  water  to  run 
under  the  houses  had  not  prevailed  formerly  at  some  stations, 

UHnfils. — Urine  tubs  were  formerly  used  in  many  of  the  barracks  ia 
India,  but  their  use  has  been  of  late  yeiirs  discontinued.  Evaporation  was 
rapid,  and  decomposition  soon  set  in.  Several  army  surgeons  have  pointed 
out  that  the  atmosphere  is  greatly  cootjiminated  in  this  way,  and  some  oott- 
sidered  that  affections  of  the  eyes  were  produced  by  the  ammoniacal  fumeei 
Iron  receptacles  which  are  frequently  tarred,  are  now  generally  used,  and 
regularly  emptied  at  stated  intervals. 

Sub-Sbotion  IV. — Wooden  Huts, 
Of  late  years  the  use  of  wooden  huts,  both  in  peace  and  war,  has  greatly 
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extended  in  several  of  the  Europejin  Armies.  In  peace,  thoir  first  cost  is 
small,  and  they  are  very  healthy.  In  war,  they  afford  the  means  of  housing 
aa  anny  expeditiouslyj  and  are  better  adapted  for  winter  quarters  tlian 
tents. 

The  healthiness  of  wooden  hnts  doubtle^  depends  on  the  free  ventilation; 
when  single-casedj  the  wind  blows  through  them ;  and  even  when  douhle- 
cased  tliere  is  generally  good  roof  and  gable  ventilation. 

Numerous  patterns  of  huts  have  been  used  in  our  own  and  other  amiieis, 
from  smtdl  houses  holding  six  men  to  the  large  houses  designed  by  Mr 
Brunei  for  Renkioi  Hospital,  and  which  were  25  feet  high  in  the  centre,  12 
feet  at  the  eaves,  and  held  50  men.  In  the  Crimea  the  most  common  sizes 
were  for  12,  18,  and  24  men.  Lord  Wolseley  thinks  the  most  useful  size 
is  32  feet  long,  16  wide,  6  feet  to  e^ves,  and  16  to  ridge,  to  hold  28  men ; 
two  hut^  are  put  end  to  end,  with  one  chimney  between  them.  The  cubie 
space  should  be  400  cnbic  feet  per  man.  If  prottction  has  to  he  obUiiiied 
against  wind,  make  a  wall  a  foot  away. 

In  the  German  Army  the  Docker  hnts  are  largely  used,  and  are  said  to 
answer  very  well.  They  are  made  of  wooden  or  iron  frames,  covered  with  a 
special  kind  of  felt,  lined  with  canvas.  They  are  very  portable,  and  the  fas- 
tem'ngs  are  so  arranged  that  they  can  be  put  together  in  a  very  short  time  : 
these  huts  are  well  ventilated  by  windows,  cross  louvres  and  ridge  ventila- 
tion, and  can  he  easily  warmed,  if  this  is  desired. 

In  arranging  lines  of  huts,  as  much  external  ventilation  and  sunlight  must 
be  secured  as  possible  for  every  lint.  According  tc»  circumstance^  tho 
arrangements  in  lines,  or  en  echelon^  &c,,  must  be  adopted. 

In  time  of  peace  huts  are  sure  to  be  put  up  well ;  to  be  properly  mxder- 
pinned ;  on  a  drained  site,  and  well  warmed. 


War  ffut«. 

In  the  putting  up  of  huts  in  the  time  of  war,  when  everything  is  done 
more  roughly,  the  following  points  should  be  attended  to  : — 

I>D  not  excavate  the  ground,  if  possible ;  and  never  pUe  earth  against  the 


I 


(a)  Floor, — Whenever  practicable,  underpin  the  joint8,  so  aa  to  got  a 
current  of  air  under  the  Eoor.  Arrange  for  the 
drainage  underneath,  so  that  water  may  not  lie, 
but  mny  be  carried  by  a  surface  drain  at  once  to 
an  ouUside  draiii.  If  the  floor  is  entirely  of 
wotjd,  have  it  screwed,  and  not  nailed  down,^  so 
that  the  boards  may  be  taken  up^  and  the  space 
below  cleaned.  If  the  sides  are  of  planks, 
and  the  centre  of  earth,  pave  the  centre  with 
small  stones,  if  they  ciin  bo  got,  so  that  it  may 
be  swept  If  this  c^imot  be  done,  remove  a 
little  of  the  surface  earth  every  now  and  then, 
and  put  clean  sand  or  gravel  down.  Ashes 
exceDent  floor,  if  well  rammed  down. 

^  While  it  is  de»LTiib1e  to  bAve  the  walls  m  clear  from  ftccumnlationi!  outside  ab  jMMAibk^  it 
must  be  remeiiibm^  that  tbi«  rule,  like  othen,  has  it«  eicetitioo*  Thu*,  in  »  very  ccjJd 
oonntry,  like  CauadA,  a  lufficieiit  de^oe  of  WArmth  could  not  bo  ohtainod  in  a  woodui  hut 
without  piliug  ifnow  up  Against  the  aides. 

*  If  poBstble,  the  acrewa  should  be  of  copper,  not  iron  ;  if  of  iron,  each  screw  ought  to  Ik) 
dipped  in  oil  befbfo  being  put  in  :  Ibis  greaUy  increases  the  ease  witfi  whkb  they  can  be  with- 
dikwn,  and  aIso  SAvea  the  wood  to  some  degree. 


Fig.  99, 
from  wood  fires  make  an 
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(6)  Sides, — If  the  sides  are  double,  leave  out  a  plank  at  the  bottom  of 
the  outside,  and  at  the  top  of  the  inner  lining.  If  the  sides  are  single,  make 
oblique  openings  for  ventilation  above  the  men's  heads,  with  wooden  flaps 
falling  inwards,  and  capable  of  being  pulled  more  or  less  up,  and  inclosing 
the  opening.  Place  a  plank  obliquely  along  the  bottom  at  the  outside, 
to  throw  the  drip  from  the  roof  outwards,  so  that  the  water  may  not  sink 
imder  the  houses.     Whitewash  both  inside  and  outside  of  the  planks. 

(c)  Roof. — Arrange  for  ridge  ventilation.  If  felt  is  used,  let  the  strips 
run  along  the  sides,  and  not  over  the  ridge,  and  beginning  at  the  bottom,  so 
that  each  successive  strip  may  imbricate  over  the  one  below  it ;  uso  no  nails, 
but  place  thin  strips  of  board  across  the  strips  from  the  ridge  downwards, 
to  hold  the  felt  down.  Tarred  calico  is  as  good  as  felt  The  pitch  of  the 
roof  should  be  at  an  angle  of  45**,  and  if  the  rainfall  is  heavy,  make  the  roof 
steep,  to  throw  off  the  rain. 

Warming, — In  cold  countries,  if  stoves  are  provided,  place  them  at  one 
end,  and  let  the  chimney  run  horizontally  along  above  the  tie-beams,  to  the 
other  end,  and  open  at  the  gable ;  in  this  way  the  heat  is  economised  :  or 
put  a  casing  of  wood  roimd  the  stove,  except  in  front,  and  allow  fresh  air  to 
pass  between  the  stove  and  casing.  If  no  stoves  are  provided,  and  a  fire- 
place is  made  with  stone,  it  should  be  put  at  one  end,  and  a  wooden  trough 
running  out  at  the  gable  be  used  as  a  chimney.  If  a  good  broad  slab  of 
stone  can  be  obtained  for  a  hearth-stone,  dig  a  trench  imder  the  boards  and 
lead  the  air  from  outside  imder  the  hearth-stone,  and  provide  an  opening  at 
the  other  side  of  the  stone.     In  this  way  the  entering  air  is  warmed. 

Trenches  should  be  carried  round  huts  as  in  the  case  of  tents. 

Fig.  100  shows  a  plan  much  used  by  the  Germans  in  1870-71  for  tern? 
porary  sheds ;  the  crossing  of  the  rafters  permits  thorough  roof  ventilation, 
and  the  raising  from  the  ground  where  practicable  is  very  important. 

Bamboo  was  used  in  the  Ashanti  Expedition,  on  the  north-east  frontier  of 
India,  and  at  Suakim,  and  made  excellent  huts.  In  the  Nile  Expedition 
huts  were  built  of  sun-dried  brick,  which  gave  great  protection  from  the  sun. 

Causes  of  Unhealthiness  of  Wooden  Huts. 

1.  Dampness  from  Ground,  Earth  against  Wall,  <tc. — Drain  welL  Cut 
away  groimd  from  outside ;  have  good  trenches  round,  with  a  good  fall. 


Fig.  100.— Plan  of  German  Shed. 

2.  Substances  collecting  under  Floors. — Look  well  to  this  as  a  common 
cause  of  unhealthiness. 
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3.  Earth  round  Huts  saturated  with  Refuaey  Urinsy  <S:e. — Every  now  and 
then  clear  away  the  surface  earth,  and  replace  it  with  clean  dry  earth. 

4.  Ventilation  had  from  too  few  openings. 

5.  Cold, — Issue  extra  clothes,  if  the  men  suffer  from  cold,  and  additional 
fuel  cannot  be  obtained.  See  that  the  greatest  effect  is  obtained  from  the 
fuel ;  but  do  not  close  the  ventilators. 


Sub-Sbction  V. — Tbnts  and  Camps. 
Tbnts. 

A  good  tent  should  be  light,  so  that  it  may  be  easily  transported,  readily 
and  firmly  pitched,  and  easily  taken  down.  It  should  completely  protect 
from  weather,  be  well  ventilated,  and  durable. 

It  is  perfectly  easy  to  devise  a  tent  with  some  of  these  characteristics,  but 
not  to  combine  them  all. 

The  tents  used  in  our  army  are  as  follows : — 

Home  Service,'^ 

The  Circular  or  Bell  Tent. — A  round  tent  with  sides  straight  to  1  foot 
liigh,  and  then  slanting  to  a  central  pole.  Angle  at  apex  70°.  Diameter 
of  base,  12*5  feet;  height,  10  feet;  area  of  base,  123  square  feet;  cubic 
space,  492  feet ;  weight,  when  dry,^  including  poles,  about  72  lb,  and  wet 
about  89  fi).  The  canvas  of  the  new  pattern  is  made  of  cotton  or  linen. 
The  ropes  extend  about  1 J  feet  all  round.  It  holds  from  twelve  to  sixteen 
men ;  and  in  war  time  eighteen  and  even  twenty  have  been  in  one  tent. 
The  men  lie  with  their  feet  towards  the  pole,  their  heads  to  the  canvas. 
With  eighteen  men  the  men's  shoulders  touch.  Formerly,  there  was  no 
attempt  at  ventilation ;  but  afterwards  a  few  holes  were  made  in  the  canvas 
near  the  pole.  Ventilation,  however,  was  most  imperfect.^  Dr  Fyffe,  who 
carefully  examined  this  pointy  found  the  holes  so  small  that  the  movement 
of  the  air  was  almost  imperceptible.  There  is  little  ventilation  through  the 
canvas,  and  none  at  all  when  it  is  wet  with  dew.  The  new  circular  tent  is 
somewhat  improved  as  regards  ventilation. 

The  Hospital  Marquee. — An  improved  hospital  marquee  was  issued  in 
1866.  It  is  in  principle  the  same  as  the  old  marquee,  but  with  improved 
ventilation.  This  tent  is  two-poled,  with  double  canvas.  It  is  made  of  a 
lower,  almost  quadrangular  part,  and  an  upper  part,  sloping  from  the  top 
of  the  straight  portion  to  the  ridge.  Length,  30  feet ;  breadth,  15  ;  height  of 
sides,  5  ;  height  to  ridge,  15 ;  area  about  385  square  feet ;  cubic  space,  3336 
cubic  feet. 

It  is  intended  for  sick,  and  can  accommodate  ten  men  well ;  sixteen  is  the 
regulation,  and  twenty-four  men  have  been  put  in  it ;  but  this  crowds  it 
extremely.  There  are  ventilators,  and  a  large  flap  at  the  top  can  also  be 
opened  for  ventilation,  and  the  fly  can  be  raised.  Its  weight  (including  the 
valise)  is  about  512  lb  dry  and  660  fi>  wet  A  waterproof  sheet  is  now 
supplied,  to  put  on  the  ground,  and  this  weighs  145  lb. 

I  For  measurement  of  tents,  see  the  Soldier's  Pocket-Book^  by  Lord  Wolseley,  5th  edition, 
1886. 
'^  Complete  wetting  of  a  tent  adds  from  80  to  40  per  cent,  to  the  weight 
3  Barrack  linprovement  lUport,  p.  107. 
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It  is  a  good  tent  when  care  is  taken  with  ventilation ;  but  there  should 
be  a  way  of  raising  one  whole  side,  so  as  to  expose  every  part  of  the  tent ; 
and  if  the  height  of  th.e  upright  part  were  6  feet,  it  would  be  more  con* 
venicnt.  These  tents  are  used  for  hospitals  on  the  lines  of  communication, 
but  form  no  part  of  the  movable  field  equipment :  they  are  used  when  build- 
ings or  bell  tents  are  not  available. 

Lord  Wolseley  ^  condemns  the  hospital  marquee  as  cumbersome,  excessively 
heavy,  and  difl&cult  to  pitch. 

Circular  Tent, — ^A  double  circular  tent>  with  higher  walls  and  without 
lining,  weighing  about  100  lb,  has  been  approved  of  for  hospital  purposes, 
into  which  four  sick  or  wounded  men  are  placed.  This  forms  part  of  the 
new  field  equipment.  Five  such  tents  accommodate  twenty  men  well, 
whereas  the  marquee  of  the  same  weight  only  serves  for  ten,  unless  unduly 
crowded. 

Shelter  Tent, — ^There  is  no  official  shelter  tent  for  the  English  Army  on 
home  service,  but  one  was  formerly  issued  for  service  at  the  Cape,  and  one 
is  still  occasionally  issued  on  campaign,  weighing  11  lb,  for  two  or  three 
men.  Each  man  at  the  Cape  carried  a  canvas  sheets  made  up  of  a  quad- 
rangular (5  feet  9  inches  x  5  feet  3  inches)  and  of  a  triangular  piece  (2 
feet  8  inches  height  of  triangle  x  5  feet  3  inches  base).  Buttons  and 
button-holes  were  sewn  along  three  sides,  and  a  stick  (4  feet  long,  and 
divided  in  the  middle)  and  three  tent  pegs  and  rope  also  were  provided. 
Two  or  four  of  these  sheets  could  be  put  together,  the  triangles  forming 
the  end  flaps.  A  very  roomy  and  comfortable  shelter  tent>  4  feet  in  height^ 
was  formed,  which  would,  with  a  little  crowding,  accommodate  six  men,  so- 
that  two  sheets  could  go  on  the  ground.  The  objection  to  this  tent  was  its 
weight,  viz.,  6  lb  14  oz.  per  man.  If  a  thinner  material  could  be  ob- 
tained, and  if  the  size  could  be  a  little  lessened  in  all  directions,  it  would 
be  a  very  good  tent.  Dr  Parkes  attempted  to  arrange  a  cape  and  water- 
proof sheet  in  such  a  way  as  to  form  a  tent  when  suspended  on  rifles. ^  A 
plan  for  making  a  shelter  tent  with  blankets  is  given  in  the  Instructions  for 
Encampments^  1889,  plate  17. . 

Lord  Wolseley  ^  condemns  the  shelter  tent  as  too  heavy  and  not  fulfilling 
its  purpose. 

On  Indian  Service, 

The  tents  now  (1890)  in  use  by  the  Indian  Army  are  as  follows  : — 

British  Privates. — With  two  poles  and  ridge,  double  fly.  Length,  20  feet; 
breadth,  16  feet;  height  of  walls,  5  feet  6  inches;  height  to  ridge  poles,  10 
feet  6  inches.     Cubic  space,  2373  cubic  feet. 

This  tent  is  used  for  inland  service,  and  accommodates  16  healthy  men 
or  8  sick. 

Mountain  Service, — ^With  two  poles  and  ridge.  Length,  12  feet ;  breadth, 
8  feet;  height  of  walls,  10  inches;  height  to  ridge  poles,  8  feet  Cubic 
space,  544  cubic  feet.  This  tent  is  used  for  field  hospitals  to  accommodate 
4  sick.* 

General  Service, — With  three  poles  and  ridga  Weight,  160  lb;  length, 
14  feet;  breadth,  14  feet;  height  of  walls,  1  foot;  height  to  ridge  pole,  7 

1  Op.  city  p.  103. 

2  Army  Med.  Depart.  Report  for  1870  ;  1872,  p.  260. 
»  Op.  cit.,  p.  255. 

*  A  new  field  hospital  tent  is  now  (1890)  under  consideration  to  supersede  this  one. 


feet.  Cubic  space,  686  cubic  feet  This  tent  is  used  for  field  service,  and 
accommodates  16  British  or  20  native  soldiers,  or  25  followers. 

General  Service  (small), — With  two  poles  and  ridge.  Weight,  80  lbs. ; 
length,  8  feet;  breadth,  14  feet;  height  of  walls,  1  fix>t;  height  t*:*  ridge 
pole,  7  feet  Cubic  space,  392  cubic  feet.  This  tent  is  used  for  field  ser- 
vice, and  accommodates  8  British  or  10  native  soldiers,  or  12  followers. 

French  Tents, — In  the  French  Army  two  chief  kinds  of  eoldiera'  tents 
have  been  used. 

1.  The  tente-ahrij  or  shelter  tent  of  hempen  canvas,  which  was  intended 
for  three  or  four  meru  This  is  now  given  ^tip,  on  account  of  its  weight, 
except  in  campaigns  lieyond  the  confines  of  Europe. 

2.  Tente  de  Troupe,  or  Tente  Tac<tnneL—Thi&  is  a  two-poled  tent,  with  a 
connecting  ridge-pole ;  for  sixteen  men.  It  is  considered  cumbersome  and 
unstable,  and  is  now  almndoned. 

3.  Two  conical  tents  are  now  used,  like  the  English  bell-tent ;  one  (imte 
co7iiqtiej  also  tent£  turq^ue^  or  d  marabout)  a  cone,  and  the  other  having  an 
upright  wall  16  inches  high,  and  then  being  conical  above  (tentf  coniqut  d 
d  rnarailles).  This  last  tent  is  ventilated  at  the  top  ;  a  galvanised  iron  ring, 
12  inches  in  diameter,  receives  the  canvas,  which  is  sewed  round  it  An 
opening  is  thus  left  of  113  square  inches,  which  can  be  closed  by  a  wooden 
top  which  rests  on  the  top  of  the  pole,  and  is  buckled  to  the  ring.  Each 
tent  holds  sixlet^n  men.  The  teyite  conypie  is  the  one  now  chiefly  usecL 
Its  weight  is  129  Bb,  and  its  capacity  1059  cubic  feet.  8mall  tents,  called 
tenteJi  de  marciie^  are  now  issued  to  officers,  who  fonaerly  provided  their  own 
various  forms. 

German  Tent. — This  is  a  conical  tent,  with  a  single  pole,  like  the  bell 
tent  of  the  English  Army  ;  it  is  nearly  15  feet  in  diameter,  the  pole  is  12 
feet  high  :  it  hoMs  fifteen  men,  and  weighs  83  lb  avoir*  The  flot^r  space  is 
12  square  feet,  and  the  cubie  space  70  cubic  feet  per  head. 

In  the  German  Army  bivouac  tents  have  recently  been  introduced,  and 
were  used  during  the  mooODUvres  in  8c hleswig-Hol stein  this  year  (1890). 
Tlio  component  parts  of  the  tent-poles  and  canvas  arc  distributed  among  as 
many  men  (two  at  least)  as  are  meant  to  bo  sheltered  by  it  The  canvas 
part,  which  has  the  api>earance  of  tanned  waterproof  flax,  is  rolled  ixjimd 
the  eoldier's  overcoatj  which  is  strapped  down  on  the  top  and  sides  of  the 
knapeack,  and  in  bad  weather  this  tent  section  may  be  unrolled  and  worn  as 
a  watertight  poncho  by  the  bearer.* 

Grrman  Hospital  Tent. — ^The  ground  floor  of  the  tent  is  a  rectangle  29J 
feet  long,  and  24  J  feet  broad ;  the  tent  is  13  feet  9  inches  high ;  the  area  is 
723  square  feet,  and  the  weight  952  lbs.  It  is  divided  by  curtains  into  3 
|iarts,  a  central  one  for  the  sick,  and  two  rooms  for  attendants,  utensils,  &c. 
The  tents  are  made  with  a  wfxxlen  framework,  and  there  is  a  good  hood  for 
ventilation.  Each  tent  could  contain  10  to  12  beds,  but  only  6  patients  are 
placed  in  it.     It  stands  on  tin  area  of  53  feet  by  43  feet 

At  the  chief  dreiising  stations,  if  no  suitable  building  can  bo  foimtl,  a 
Lndaging  tent  is  erected,  in  which   to  perfonn  operations.     This  is  also 

ctangtilar  in  shape;  lengtli,  13 J  feet;  breadth,  11 J  feet;  heigh t^  8  feet 
It  is  very  simply  constructed,  and  has  a  single  fly  made  entirely  of  water- 
proof canvas, 

Euuian  Tent, — The  infantry  tent  is  quadrangular,  1 4  feet  square  and  7 
leet  high  to  the  slope  ;  there  is  a  centre  pole  and  four  comer  poles ;  it  ia  La* 


i  Th$  Tima,  B9pUmhvr9,ldS0. 
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tended  for  fourteen  men,  but  only  twelve  are  usually  placed  in  it.  Bound  the 
tent  is  a  bench  1^  foot  broad,  and  covered  with  straw  mattresses  and  sheets 
(in  the  summer  camps)  for  sleeping.  A  wooden  rack  round  the  centre  piUar 
receives  the  rifles.  The  canvas  can  be  partly  or  entirely  lifted  up.  The 
officers'  tents  have  double  canvas.^ 

United  States  Army,^ — Four  styles  of  tent  are  issued : — 

(1)  Conical  (modified  Sibley)  16  feet,  5  inches  in  diameter  at  base ;  wall, 
3  feet;  apex,  10  feet;  floor,  212  square  feet;  air-space,  1450  feet;  allowance, 
20  infantry  or  17  cavalry ;  comfortable  for  camp  or  slow  march  with  half 
that  number. 

(2)  Common  ("  I "  or  modified  "  A  "),  wall,  2  feet ;  base,  8  feet  4  inches  x 
6  feet  10  inches ;  ridge,  6  feet  10  inches  from  ground ;  floor,  57  square  feet ; 
air-space,  250  feet;  allowance,  4  mounted  or  6  foot  men.  Each  infantry 
man  would  have  17  inches  to  lie  in. 

(3)  Wall,  9  feet  square  x  3  feet  9  inches ;  to  ridge,  8  feet  6  inches ; 
floor,  81  feet ;  air-space,  500  feet ;  covered  by  fly  or  false  roof. 

(4)  Shelter  tent 

Hospital  tents  are  larger  wall  tents  (14x15x4^  feet  wall,  12  feet  to  ridge), 
that  may  be  opened  at  each  end  and  thrown  together  in  extension. 

General  Concltmona. 

Although  it  has  been  affirmed  that  it  will  be  henceforth  impossible  to 
carry  tents  during  war  in  Europe  (Wolseley),  yet  the  history  of  all  wars  in 
the  temperate  zone  proves  that  men  cannot  war  without  protection  from 
weather.^  Both  theory  and  experience  show  that  the  best  arrangement  for 
a  soldier  is  that  he  should  carry  a  portion  of  a  shelter  tent,  which  may  at 
once  serve  him  for  a  cloak  on  the  march,  and  a  cover  at  night,  if  he  is 
obliged  to  lie  out  without  pitching  his  tent^  and  which,  joined  to  two  or 
three  other  similar  pieces,  may  maJce  a  tent  to  hold  three  or  four.  The 
French,  however,  have  abandoned  this  system,  believing  that  its  advantages 
are  more  than  counterbalanced  by  the  extra  weight  the  men  have  to  carry. 
For  camps  of  position,  where  troops  are  kept  for  months,  and  where  there 
is  less  trouble  about  transport,  larger  tents  can  be  used. 

The  French  system,  now  adopted  by  the  Americans,  is  in  reality  a  very 
old  one.  The  Macedonians  used  small  tents  which  held  two  men,*  and 
Rhodes  figures  a  little  shelter  tent  of  the  same  form  as  the  French,  and 
holding  apparently  five  men,  which  was  in  use  in  the  British  Army  in 
1750. 

At  various  times  in  late  wars  the  English  Army  have  extemporised  tents 
of  this  description,  by  suspending  blankets  over  their  firelocks.  But  it 
would  be  much  better  to  have  a  good  shelter  tent,  which  would  make  the 
men  independent  of  their  bell  tents,  on  emergency,  and  th\is  greatly  lessen 
the  baggage  of  the  army,  as  well  as  protect  the  men. 

An  army  could  then  encamp  and  house  itself  as  fast  as  it  could  take  up 
its  ground,  and  so  short  is  the  time  necessary  for  pitching  the  tent  that 
even  in  heavy  rain  the  men  would  not  get  wet.     The  men  lie  much  more 

1  From  Heyfelder's  Camp  of  Kramoe-Selo,  1868. 

2  MilUary  Hygiene,  A.  WoodhuU,  New  York,  1890. 

3  The  Franco-Gennan  war  of  1870-71  does  not  negative  the  rule  that  shelter  must  be  given 
in  some  way  ;  the  Germans  in  their  camps  hutted  themselves,  and  in  their  marches  found 
shelter  in  houses  in  the  greater  number  of  cases. 

*  Rhodes'  Tent  Lsfe,  p.  13. 
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eoTufortably  than  in  the  bel!-tent»^  and  there  is  scarcely  a  podaibility  of  its 
beliig  blown  down. 

Camps. 

St?vt*ral  regulations  have  been  issued  by  tlie  Quiirttirmnster-Geiierar!? 
l)(*l>artment,^  and  the  Queen's  RnpUaiiom^  cont^un  several  orders  which  will 
\m  imtieed  hereaft<ir.  Tho  Barrack  Improvement  Comuiiasionera^  also  lay 
down  ctTtain  rules  which  must  l>e  atteinled  to* 

Kncanipmcnts  are  divided  into  t^vo  kindi> — those  of  position,  which  ai^ 
intended  U>  stand  for  8ome  time,  and  incidental  camps.  The  camps  are 
arrnngHl  in  the  same  way  in  f>eace  and  war,  as  a  means  of  training  the  men; 
I jut,  of  course,  in  peace  the  war  arrangements  need  not  be  adhered  to. 

In  the  Rtgidations  ami  Ini^trfictiom  issued  in  1889  by  the  Quartermaster- 
(Teuend'rt  Department,  the  following  points  are  laid  do'wn  a8  of  import- 
ance : — 

L  The  lent^tli  of  time  tro€]>s  are  to  occupy  the  c^imping-ground. 

2.  That  order,  cleanbness,  ventilation,  and  salulirity  are  tcj  be  ensured, 

3,  That  means  of  ptis^ing  freely  thr*mgh  the  camp  an^  csisentiaL 

4,  That  a  straggling  camp  increases  laV>our  of  fatigue  duties,  and  impedes 
delivi^ry  of  supplies  and  circulation  of  orders, 

5.  That  the  more  CLtnij>act  the  cam[>,  the  easier  it  is  to  defend* 

Tr<Hjps  are  ordered  to  be  encamped  in  such  a  manner  that  they  can  be 
vapidly  formed  in  a  good  position  for  action.  This  due;^  not  involve  the 
necessity  of  encamping  on  the  very  position  itself.^  Although  purely  8tnite- 
gical  or  tiictical  considerations  are  of  the  first  importance  before  an  enemy, 
yet  saniUiry  advantages  must  always  be  allowed  great  \veight,  and  will,  in 
njost  etuaes,  govern  the  choice  of  ground  if  military  reasons  permit.  Cavalry 
and  infantry  camp«  are  directed  to  be  formed  with  such  intervals  betweeu 
their  troojw*  or  companies  aii  circumstances  may  require,  or  the  general  com- 
nxanding  may  ilirect  Open  column  is  usually  the  most  extended  «>rder 
used.'* 

In  front  of  an  infantry  camp  is  the  battalion  parade,  the  quarter-guard 
being  in  front  of  alL  Behind  the  men's  tents,  on  the  left  side,  are  the  kit- 
chens, an<l  on  a  line  to  the  ri^^^ht  the  tents  of  the  officers ;  then  come  the 
waggons,  horses,  drivers,  and  batmen  ;  next  the  ashpit  antl  latrines,  and  on 
the  boundary  line  the  reiir-guartb  Li  fixed  camps  the  1/itriiies  and  kitchens 
may  be  pitched  elsewhere,  if  found  advisable. 

Tlie  lUstances  between  diilerent  corps  are,  as  a  rule,  to  be  10  yards. 

Cavalry  are  encamped  in  columns  of  troops  or  8«|uadrons,  tlie  horses?  being 
picketed  between  every  seeond  row  of  tents ;  6  feet  of  space  is  allowed  to 
each  horse, 

Artillerj'  encamp  with  tlie  guns  in  front,  the  waggons  in  two  lines  behind, 
aiitl  the  horsca  and  uifu  on  the  flanks,  the  men  being  outsiile,  the  officers' 
tents  being  in  rear,* 

There  are  3,097,600  square  yards  in  a  square  mile,  and  assuming  that 

»  la  1*01111^  of  tbtf  kit  Ckiiift  «£iiedliioa)i  waterproof  sheets  were  iasuetl,  of  wliich  the  mat 
niJMle  UmU  ftH  wtU  m  clonk**  Dr  Pnrktw  was  told  by  a  privi^  soldier  who  oarriiMi  one  of  thbHs, 
tlmt  notliitig  more  comfortuble  wm  ever  IffUed  to  the  mi*ii.  liiM  sbvct  wbk  tb«  ImI  thistg  that 
t\  lunu  wotiM  pnrt  with 

3  a^tf^iJ  r^jor  JIPiMQffifimento,  1880.    A  great  ihuU  of  very  imiJortaul 

ill  format  1  lHx>k. 

»  1889,  I  -*  Rtpori^  1861,  p.  168. 

•  MeffttJ-  for  Smmmpments* 

<  Httii^u  r.tmif  ui  y>mU:  5  yviU=6  p«M!«fi. 

t  For  »i  '  itchiJOK,  &c,,  the  n!»<bfr  is  n.r        '         '      Imduc' 

tionsam/  ice  (W«,  which  might  to  b«  i  uf  vVMry 

odiver,     L  /  Ki*,  by  LoftI  WolMlcy,  5^^ 
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there  are  15  men  to  each  bell-tent,  the  following  table  gives  the  surface  area 
per  tent  for  different  densities  of  population  per  square  mile  : — 


No.  of  Square  Yards  per  Tent 


50 
100 
200 
400 
800 
1000 


No.  of  Tents  per  Square  MUe. 


No.  of  Troops  per  Square  Mile  at 
15  Men  per  Tent. 


61,953 

80,976 

15,488 

7,744 

3,872 

3,097 


929,280 
464,640 
232,320 
116,160 
58,080 
46,464 


Assuming  the  strength  as  in  column  one,  and  using  these  measurements,  the 
following  table  gives  the  density  of  population^  : — 


StTDDgth. 

iqnare 
yard*. 

Acirai. 

Ifen 
peraci«. 

Men  per 

Infantrj'  BattalioD,  foil  dze, 

„                iniuimojii,  - 
Cavaliy  Eegimont.  full  «ixe, 

Battei7,     .         .         >         ,         . 
Field  Company,  E.  E, 
Bearer  company, 
Field  hoapilftl,  ,         ,        .        , 

ion 

1011 
630 
630 
154 
182 
66 
146 

21,600 

7,801} 

34,000 

16,000 

11,200 

7,500 

8,400 

11,200 

4-46 
1*61 

7-02 
3'Ofi 
1     2-31 
1*54 
1-73 
2-31 

226 

628 
89 

204 
67 

lU 
38 
62 

144,640 
401, &20 
66.960 
130.560 
42,8SO 
75,520 
24,320 
39,680 

On  considering  these  arrangements,  it  is  evident  that  the  compression  of 
the  men,  even  in  open  order,  is  considerable.  As  in  war  it  is  not  always 
easy  to  give  space,  the  importance,  even  in  a  military  point  of  view,  of 
thoroughly  ventilating  the  tents  is  obvious.  It  is  to  be  presumed  that  no 
military  officer  who  regards  the  comfort  or  health  of  his  men  will  ever 
compress  his  camp  without  an  imperative  military  necessity.  Yet  it  has 
been  occasionally  done,  and  tents  have  been  placed  almost  as  closely  as 
they  could  be,  even  when  ground  was  available,  and  no  enemy  was  in  front 
Under  these  circumstances,  an  explanation  of  the  reasons  for  not  crowding 
the  men  together  will  undoubtedly  satisfy  the  officer  in  command  that  he  is 
sacrificing  comfort,  convenience,  and  efficiency  to  a  false  notion  of  order  and 
neatness. 

Points  to  be  attended  to  in  the  Erection  and  Conservancy  of  Camps, 

Dig  a  trench  roimd  each  tent,  4  inches  deep,  and  the  width  of  the  spade, 
and  carry  it  into  a  good  surface  drain  running  in  front  of  the  tents,  with  a 
proper  fall.  Place  the  tent  on  the  ground  and  do  not  excavate,  or  only  to  a 
slight  extent ;  in  a  camp  of  position,  the  tents  can  sometimes  be  raised  on  a 
wall  constructed  of  stones,  or  even  earth,  if  this  can  be  plastered  over.  When- 
ever possible,  let  the  floor  of  the  tent  be  boarded,  the  boards  being  loose,  and 
able  to  be  removed.  If  there  are  materials,  make  a  framework  elevated  a 
few  inches  from  the  ground  to  carry  the  boards.     If  boards  cannot  be 

1  For  comparison,  the  densities  of  population  in  some  crowded  localities  are  as  follows : — 
St  Anne's,  Soho,        .        .        .    196,800  per  square  mile. 

Liverpool, 72,883  „ 

Mancnester,       ....      56,256  „ 

Birmingham 33,600  „ 
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obtained,  waterproof  sheets  ehould  be  used  ;  the  soil  ahotdd  be  beaten  down 
as  much  as  possible,  so  as  to  render  it  less  permeable,  take  care  that  nothing 
collects  below,  and  move  both  Ijoards  and  canvas  frequently  to  see  t<7  this, 
and  scrape  the  earth  if  it  is  at  all  impregnated.  If  atniw  is  used  for  bedding, 
get  the  men  to  use  it  carefully  ;  to  place  pegs  of  wood  or  stones,  and  make 
popes  of  straw  i-unning  from  peg  to  peg,  so  that  each  man  may  keep  his  own 
place  neat ;  or  to  make  mats  of  straw  of  a  triangidar  shape,  and  3  or  4 
inches  thick.  Take  care  that  the  straw  is  kept  dry,  and  never  allow  the 
men  to  use  green  foliage,  or  iiny  damp  substiince.  Have  the  sides  of  the 
tent  thoroughly  raised  during  the  day,  and  even  at  night,  to  leewartL 
Whenever  pmcticable  (twice  a  week  if  it  can  be  done),  the  tents  should  be 
struck,  the  boards  taken  up,  the  surface  well  cleaned,  the  worst  part  of  the 
straw  removed  and  burnt. 

In  the  Crimea  many  othcers  dug  out  the  interior  of  their  tents,  leaving  a 
small  pillar  of  earth  to  support  the  pole ;  a  ledge  of  about  9  inches  in  width 
was  also  left  all  round  the  outside  to  serve  as  a  shelf  ;  a  great  deal  of  comfort 
and  shelt-er  was  thus  given  in  cold  winds,  but  it  would  be  well  to  go  to  as 
little  depth  as  possible  unless  the  soil  is  dry. 

The  German  regulations  oi-der  that  the  soil  underneath,  if  not  absolutely 
clean  and  firm,  should  be  dug  out  to  a  depth  of  1  foot  and  replace*!  by 
giiivel,  coal-dust,  &c.,  slightly  watered,  and  covered  by  a  few  boards,  imtil 
dry  and  hani,^ 

In  a  camp  of  position  dry  paths  should  be  constnicted  between  the 
different  roads ;  latrines  should  be  dug  in  rear  of  the  stables,  and  not  too 
near  the  kitchen,  and  ai  echelon  with  the  camp ;  for  a  standing  camp  eacli 
latrine  shoidd  Tie  a  trt^nch  20  to  50  feet  long,  according  to  the  size  of  the 
camp,  10  deep  and  3  wide  at  the  top,  and  2  at  the  bottom.  The  earth 
tlirown  out  should  be  arranged  on  three  sides.  It  should  be  screened  by 
branches  of  trees,  and  several  inches  of  earth  should  be  thrown  in  every  day.^ 
When  4  feet  from  the  surface,  it  should  be  llUed  in  and  another  dug,  the 
earth  of  the  old  one  Ijeing  raised  like  a  mound  to  mark  tlie  spot.  Close  to 
it  a  urinal  should  be  constructed,  of  a  sL >ping  channel  jwived  as  well  aa  can 
be,  and  leading  into  the  latrines,  or  of  a  tub  which  can  be  emptied  into  it^ 
and,  as  far  as  possible,  men  should  be  prevented  from  passing  urine  round 
their  tents.  In  camps  for  a  few  days  a  trench  1 2  paces  long,  2  feet  deep,  2 
feet  wide  at  top  and  1  foot  at  bottom,  is  sufficient. 

A  corps  of  scavengers  should  be  imniedintely  organised  to  clean  away  all 
surface  tilth,  and  to  attend  to  the  latrines  and  urinals.  All  refuse  must  be 
complet*?ly  ixunoved ;  it  is  a  good  plan  to  hum  it.  Both  in  peace  and  war, 
enc^imping  ground  should  be  often  clianged,  and  an  old  camp  should  nevei 
be  reoccupied. 

In  addition  to  tents,  the  men  may  be  taught,  if  possil>le,  to  house  them- 
selves. Huts  of  wattle  shijuld  be  run  up»  or  wooden  sheds  of  some  kind. 
In  war,  men  soon  learn  tc»  do  this. 

Lord  Wolseley  states  that  many  English  officers,  and  the  Sardinians 
generally,  in  the  Crimea,  made  comfortable  huts  in  the  following  way  : — A 
space  was  dug  out  2^  feet  deep,  and  the  size  of  the  hut ;  those  made  to 
contain  6  Saitiinian  soldiers  were  14  feet  3  inchea  long,  and  7  feet  1  inch 
wide  in  the  clear.  Gables  were  then  buOt  of  mud  or  stone,  or  made  of 
boards  or  wattle  and  daub ;  the  gables  were  2  feet  wider  than  the  excava* 
tion,  BO  as  to  form  a  shelf  all  round  ;  a  door  was  in  one  and  a  window  in 


i  Krtegt  Santtats  Ordnuntf,  1888,  ji,  279. 

3  Tbe  MoffitUdumi  ditaci  2  <>r  2S  lacbM  of  oortb. 
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the  other.  The  fireplace  was  made  of  brick  or  mud,  or  sunply  cut  out  of 
the  face  of  the  earth,  in  one  of  the  side  walls,  a  flue  being  bored  in  a  slanting 
direction,  so  as  to  come  out  clear  of  the  roof,  and  being  provided  with  a  chim- 
ney  2  feet  in  height.  The  pitch  of  the  roofs  should  be  at  an  angle  of  45'.^ 
Underground  huts  are  sometimes  used  in  camps;  they  are,  however, 
dangerous ;  they  are  often  damp,  and  are  difl&cult  of  ventilation.  In  cold 
dry  countries,  however,  they  are  warm,  and  the  Turks  have  constantly 
used  them  in  campaigns  in  winter  on  the  Danube.  They  have,  however, 
frequently  suffered  from  typhus.  If  used,  there  should  be  two  openings 
besides  the  chimney,  so  as  to  allow  a  current  of  air ;  and  a  spot  should  be 
chosen  where  it  is  least  likely  water  will  gravitate.  But  imderground  huts 
are  always  to  be  discouraged  if  any  substitutes  can  be  foimd.  Sometimes 
the  side  of  a  hill  is  cut  into,  and  the  open  top  covered  with  boards  and 
earth.     This  is  as  bad  as  an  underground  hut. 

Hospital  Encampment. 

The  arrangements  for  Field  Hospitals  are  given  in  the  Medical  RegulcUumSy 
1 890.  As  before  said,  circular  tents,  one  to  four  patients,  are  those  now 
employed,  although  marquees  may  be  used  when  siifficient  of  these  are  not 
available,  or  where  the  buildings  of  a  Base  Hospital  have  to  be  supplemented 
by  tent  accommodation. 
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Fig.  101.— Camp  for  Field  Hospital. 


1    DraMrings  of  varioas  kinds  of  huts  and  bivouacs  are  given  in  the  RegtUations^  op,  cit. 
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8ECTI0X  II. 
THE  FOOD  OF  THE  SOLDIER-^AEIVrY  REGULilTIONS. 

The  Armij  Mtdtcal  Mffjidatityns  place  the  food  both  of  the  healthy  and  sick 
^'«ij|Oldier  under  the  control  of  tlie  medical  officer.  He  is  tlireeted  to  ascertiiin 
lihat  the  rations  of  the  healthy  men  are  good,  and  that  the  cooking  \»  properly 
l>erformed;  the  amount  of  food  for  the  aick  is  expressly  fixed.  On  taking 
the  field,  the  principal  medical  officer  is  ordered  to  advise  on  the  suhject  of 
rations^  sia  ^vell  m  on  all  other  points  affecting  the  health  of  the  troops.  It 
wili  thiia  be  seen  that  ii  great  responsibility  hiv^  Ijeen  thrown  on  the  Medical 
St4ifl[,  and  that  its  membei^s  will  be  chilled  upon  to  f^ive  opinions  on  the 
quantity  of  all  kitiils  uf  foixl  supplied  to  soldiers  ]  on  the  composition  of 
diets ;  on  the  quality  and  adulteration  of  the  different  articles ;  and  on  their 
cooking  and  prejmration. 

In  the  case  of  soldiera  and  sailors,  definite  quantities  or  rations  of  f(X)cl 
must  be  given*  It  ia,  of  course,  impossible  to  fix  a  ration  which  shall  suit 
all  persons.  Some  will  eat  more,  some  less,  but  certainly  every  scale  of 
ratitjns  should  err  on  the  side  of  excess  rather  than  defect. 

The  following  are  the  rations  of  the  chief  European  armies  : — 

Briiish  Soldier  on  Home  Sennce* 
Tlie  British  soldier  obtains  his  food  supplies  from  the  following  sources : — 

1.  From  the  Governiueiit,  12  oimces  of  meat  and  1  lb  of  bread  "  free." 

2.  By  st^^ppage  from  his  pay  (usually  3id.  per  diem)  he  is  provided  witli 
his  "  grocery  ration."  This  stim  is  at  the  disjKjsal  of  the  various  comjmnies 
in  A  regiment ;  it  is  expended  on  the  purchase  of  extra  breafl^  potatoes, 
milk,  vegeUiblcij,  tea  and  sugar,  &c. 

3.  Ii;  itdihtion  to  these  there  are  certain  individual  purchases  the  &Dldier 
makes  at  the  canteen,  all  articles  being  siipphed  to  him  at  cost  price.  It  Is  easy 
to  calculate  the  amount  he  receives  {mm  the  first  two  sources  of  supply,  but 
how  much  he  buys  it  is  impoHsible  to  say.  The  sales  at  various  canteens  show 
that  cheese,  bacon,  preserved  meat«  and  lish  are  tlie  articles  most  in  demand, 

y^utritivf  Value  in  Ounces  {avoir,)  of  the  Free  Ration  and  of  the  Chocery  Ration.^ 


I 
I 


iUtkles. 

In^ounoes  and  tontbi 
of  ounces. 

Water. 

NttmipmoDa 

ttltMtUlCttS. 

nL 

Carbo- 
l^dxales. 

Salla 

Water- 

fnn 
food. 

Meat,      .     .     - 

12azs.,  ofwMch      7*20 

1-44 

0-81 

0-15 

2*40 

one -fifth  is  bone. 

Breadi    .     .     . 

t\ 

9'ao 

1-92 

0S6 

11-81 

0-31 

14 '40 

PoUtocs.     .     . 

16 

11  84 

0-82 

0-02 

s-se 

0*02 

3-72 

Other      vi?ge.\ 

tables  (take a  - 

8 

7 -as 

014 

0'04 

0-46 

O'Oe 

0  70 

Aa  cabbage), 

MUk,           .     . 

3  25 

2S2 

0'1$ 

0^12 

O'10 

0*02 

0-48 

Sugar, 

13»              0  04 

•«• 

,,. 

1-29 

.*. 

1-29 

Mt8, 

0*2i5 

■  *• 

■<> 

•  «ii 

0-25 

0*25 

Coffee,    .    .     . 

0-83 

••• 

... 

.i* 

.». 

Tcl^  ...  * 

0-16 

*■• 

- 

... 

... 

Tot»l  quantity, 

6532 

S878 

3.95 

1-85 

17-08 

O'Sl 

28-19 

i  The  aoccKHory  fotxls  are  nitlier  deficient  in  the  soldier's  fc>oil,  and  vinegar  G<)wciall v  ihonid 
Vxf  ufleti,  Robert  Jacktion  very  justJy  inaisteil  on  tba  importanee  of  vinegar  as  a  aige«tive 
agent  and  lUvourer^  ns  well,  no  doabt,  a»  an  anti-»corbutic.  He  n-niArks  on  tbe  gnwt  an*?  of 
vtnegar  nuwle  by  thv  Romans,  and  ixjssibly  tb«  comparative  exemption  which  they  had  from 
imiTvy  wa^  due  to  thi«. 
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Calculating  this  by  the  table  given  at  page  252,  it  would  give  ^ — 

Nitrogen, 276  grains. 

Carbon  in  proteids, 887  A 

Carbon  in  fats, 454  I 

Carbon  in  carbo-hydrates,  8297  >  4588 

Hydrogen  in  proteids, 82  I 

Hydrogen  in  fats, 66/ 

Sulphur  in  proteids, 82 

In  this  ration  the  nutrient  value  of  the  bones,  which  form  one-fifth  of  the 
meat  ration  is  omitted ;  these,  if  crushed  and  boiled  with  vegetables,  make 
an  excellent  and  nutritious  soup.  The  grocery  ration  may  be  taken  as  a 
minimum  of  what  is  supplied,  and  is  no  doubt  far  short  of  what  might  be 
afforded  with  good  management  of  the  messing  money. 

What  really  can  be  accomplished  with  this  has  been  shown  by  Colonel 
Burnett.  He  considers  that  imder  former  systems  of  messing  there  has 
been  considerable  waste,  and  in  his  regiment  the  bones,  which  formerly  were 
thrown  away,  are  used  to  make  soup,  being  supplemented  by  the  coarser 
parts  of  the  ox  (head,  &c.),  and  with  the  addition  of  peas,  lentils,  &c.,  a  palat- 
able and  very  nutritious  soup  is  made.  The  following  list  shows  the  variety 
of  messing  in  his  regiment^  the  whole  being  provided  without  extra  cost : — 

Scale  of  Messing  for  the  Outdance  of  Colour-SergeanU.^ 

Coffee,  2^  oz.  to  10  men  (one  meal). 

Tea,  1  oz.  to  7  men  (one  meal). 

Sugar  for  tea,  7i  oz.  to  every  10  men  (one  meal). 

Sugar  for  coffee,  1  oz.  per  man  (one  meal). 

Cheese,  1  oz.  per  man. 

Butter,  1  oz.  per  man. 

Jam,  2  oz.  per  man. 

Marmalade,  2  oz.  per  man. 

Golden  sjmip,  2i  oz.  per  man. 

Brawn,  2  oz.  per  man  (breakfast  and  supper). 

Corned  beef,  2  oz.  per  man  (breakfast  and  supper). 

Potatoes,  1  st  for  every  12  men  (dinner). 

,,       2  8t.  for  supper  per  company. 
Vegetables  for  sonps,  4  lb.  per  company. 
,,  ,,  supper,  3  lb.  per  company. 

Onions  for  soup,  3  lb.  per  company. 

„        ,,  supper,  2  lb.  per  company. 
Salt,  2  lb.  per  diem  (1 J  arums)  per  company. 
Pepper,  3  oz.  per  diem  per  company. 
Mustard,  3  oz.  per  diem  per  company. 
Herrings,  1  per  man. 
Split  peas  for  soup,  1  lb.  for  10  men. 
lentils  for  soup,  1  lb.  for  10  men. 
Barley  for  soup,  1  lb.  for  10  men. 
Currie  powder,  6  oz.  for  soups  or  curried  breakfasts,  dinners,  or  suppers  per  company 

of  60  men. 
Flour  for  soup,  1  lb.  per  diem  for  company  for  thickening. 
Celery  seed  for  soup,  one  packet  per  diem  per  company. 
Milk,  1 J  pints  for  every  10  men  (one  meal). 

,,      for  tripe  stew,  2  quarts  per  company. 

,,      for  porridge,  1  quart  for  15  men. 
Oatmeal,  1  lb.  for  every  9  men. 
Golden  syrup  for  porridge,  3  tins  (6  lb.)  per  company. 
Bacon,  2  oz.  per  man. 
Eggs,  1  per  man. 
The  above  scale  to  be  adhered  to  in  making  up  messing  books. 

1  See  The  Soldier's  Eation,  by  F.  de  Chaumont.  Sanitary  Becordy  Februarjr  1876.  Re- 
ference may  be  made  for  much  useful  information  to  the  Outde  to  Meat  Inspection,  issued  by 
the  Qimrterma-ster  Genls.  Dept  1891. 

^  RepoH  of  Soldier's  Dietary  Committee,  1889. 
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The  daily  nutritive  value  of  a  diet  provided  liy  Colonel  Buraett  was  as 
foUowB : — 


ProteliU, 

T^te. 

Kltrogen. 

Gsrboii. 

Bretk&at, 

("Soup,      .     ,     , 
Dinner-c  Mmt,  Ac,   ,     . 

(  Tut] ding  and  pie, 
Supper,  ...... 

0-9922 
0-9126 
2-1657 
0-1765 
1*0401 

Ounce*. 
1-2400 
0-2992 
0-9073 
0  3238 
0*4676 

Oances. 
5-2663 
1-2227 
6-0503 
1-1282 
£-2867 

Orainf. 
69-464 
63-882 
161*599 
12  355 
72*807 

Qimtiit. 
1637*6 

681*2 
1937-7 

366*2 
1396-3 

Total,   ,     .     .     .     . 

52871     1     3-2379 

18-9542 

370-097 

6867*0 

In  this  scale,  we  have — 
Pro  te  ids, 
Fftt«, 
Carbo-bydrates, 
NitrogieD, 
Carbon,  . 


hi  ounces. 
H    « 

19       „ 
370  grains. 
5*867    „ 


The  Committee  on  Soldier's  Dietary  (1889)  came  to  the  conclusion  that 
the  Government  free  ration^  supplemented  by  a  messing  contrihution  of  from 
3d.  to  4d,  is  under  proper  mansigement  sufficient  to  provide  an  ample  die^ 
and  that  the  chief  defects  in  the  soldier's  diet  are  due  to  insufficient  interest"^ 
being  token  in  the  subject.  The  meat  they  consider  to  be,  as  a  rule,  of  good 
quality.  The  quantity  is  judged  to  be  sufficient :  in  support  of  this  they 
quote  the  instance  of  Pearce^s  dining  and  refreshment  rooms — ^an  institution 
supplying  30,000  meids  daily  to  the  industrial  classes — where  the  average 
amuimt  of  nitntt,  without  bone,  supplied  to  each  man  for  dinner  was 
5  ounces,  uncooked,  yielding  when  cooked  about  4  ounces ;  whereas 
at  Aldershot,  where  1 232  cooked  rations  were  weighed,  the  average  amount 
of  eo<:iked  meat  supplied  daily  was  7  ounces,  I  drachm,  exclusive  of  lK»ne  and 
dripping.  When  frozen  meat  is  issued  they  recommend  that  10  pwT  centw 
increase  shonld  be  allowed  aa  there  is  a  greater  loss  of  nutriment  when 
cooked. 

The  Committee  also  recommend  that  the  bread  should  be  baked  in  2  lb 
loaves,  and  patent  yeast  used  in  place  of  brewer^s  yeast :  the  smaller  loaf  cn- 
stties  a  proper  proportion  between  the  crust  and  crumb. 


Brituh  Sddier  in  IndicL 
The  constitution  and  nuti'itive  value  of  the  Indian  ration  is  as  follows : — 


quaaUty 

tftkCQ 

dally. 


Wit«r- 
fne. 


Pmeidi. 


Fati. 


Carbo- 
bydntet. 


SAlta. 


Meat  with  bone, 
Bread,    .     .     . 
Potatoea,    .    . 
Rice,      .    .     . 
Sugaj:,    . 
Tea,  ,     , 
Salt 


ToUl 


OUlUCIM. 

16 

16 

16 

4 

0-71 
0'66 

55  86 


Oimcc*. 
3-2 
9*6 
8*72 
3*6 
2-42 
0-7 
0*66 

28*90 


Onncfj^. 
1-92 
1*29 
0-32 
0*'20 


3-72 


OanccA. 
1-08 
0*24 
0*02 
0032 


1*372 


OUDOB*. 

7-84 
3*36 
3-38 
2-41 


16-99 


OunccRv 
0*2 
0-2 
0  02 
0*082 
0*012 


1*124 
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In  this  diet,  tliere  is — 

GmlAs. 

Nitrogen, 256*5 

Carbon. 4fi03 

tie  bread  and  meat  are  a  free  issue :  th^?  remainder  are  supplied  by  the 
ligsariat  for  a  stoppage  of  9  piei*  (about  Id.)  \wt  diem.  In  India, 
as  at  homo,  tliere  are  also  individual  purchases  consisting  of  extra  bread, 
tinned  meats,  lish,  eggs,  &c,  but  on  the  whole  the  amount  does  not  appear 
to  exceed  the  standanl  diet  necessary  to  maintain  health.  The  deficiency 
appears  to  he  in  vegetables,  which  arc  very  ditlicult  to  get  during  the  hot 
weather,^ 

The  diet  of  the  soldier  on  foreign  stations  is  stated  under  the  sevend 
headings  when  it  diflers  materially  from  that  of  home  »er\dce^  and  tho 
alterations  in  tlw  diet  which  should  he  made  under  circumstances  of  great 
exertions  are  given  in  the  proper  ehaptt^r. 

In  the  time  of  Edward  VI.  the  English  soldier's  rations  during  war  wefe 
— meat  2  Ih,  hread  1  t>,  wine  1  pint  (Froude). 

On  active  service  in  tlie  held  a  special  scale  is  fixed  by  the  Secretary  of 
State,  according  to  the  cKraate  and  the  circumstances  of  the  expedition  :  the 
following  scide  is  adopted,  as  far  as  possible  r — 1  i>  fresh,  siUt,  or  preserved 
me^t ;  1|  l*>  bread,  or  1  Vii  biscuit^  or  1  tt>  tlour  j  ^  ounce  tea;  J  ounce  cofiee; 
2  omices  sugar  ;  ^  ounce  salt ;  ^j^  ounce  pepper ;  ^  3b  fresh  vegetables  when 
procurable,  or  1  ounce  compressed  vegetables :  also  |  ounce  lime  juice  with 
J  ounce  sugar,  and  2h  ounces  rumj  when  ordered  by  the  General  command- 
ing, on  recommendation  of  the  metlical  othcer.^ 

The  war  scale  should  be  very  liberal,  and  every  article  ought  to  be  iaerued 
by  the  iSui»ply  Department.  It  would  be  probably  a  good  plan  to  have  the 
supply  under  two  headings,  the  "usual*'  and  the  '* extra''  ailicles,  the  latter 
bi-ing  intended  for  special  occasions,  such  as  forced  marches,  rapid  movements 
far  frtim  the  base  of  suppUcs,  Sec.  The  usual  nition  ought  not  to  contain  leas 
than  375  to  400  gi*ains  of  nitrogen.  The  following  is  suggested  as  a  hberal 
and  varied  war  ration,  which  coidd  be  easily  supplied  mider  ordinary  cases : 
— Bread  IJ  Ih;  fresh  meat  (without  bone),  1  fti ;  peas  or  beans,  3  otincefl; 
potatoes  and  green  vege tables,  1  lb  ;  cheese,  2  ounces ;  bacon,  2  oiinces ; 
sugar,  2  ounces ;  salt,  J  ounce ;  ^  pepper,  t,V  ounce  ;  ground  coffee,  1  ounce  ; 
tea,  i  ounce ;  red  wine,  10  ounces  or  beer  20  ounces.  No  spirit  ration  to 
be  given,  except  under  order  from  the  generals  of  divisions.  The  nutritive 
value  of  this  diet  is  : — ^Proteids,  5 '6  ounces  ;  fats,  3*43  ;  carbo-hydrates,  16*6  ; 
salts,  l'37j  equal  to  410  grains  of  nitrogen  and  5000  of  carbon.* 

The  **  extra  *'  articles  would  be  kept  in  readiness  by  the  Supply  Deport- 
Ru*nt  for  oceaaional  issue,  viz.,  tinned  Australian  or  New  Zealand  meat| 
Chicago  corned  meat^  or  the  beat  market  article  of  the  kmd,  Liebig'a  extract 
of  meatj  ]>ca  and  beef  sausages,  biacnits,  flour,  meat  biscuits,  rice,  lime  juice, 
preserved  vegetables,  brandy  or  rum,  and  vinegar. 

Tliis  plan  supixises  that  the  "  usual "  scale  of  diet  wmild  be  issued  to  the 
troops^  and  the  "  extra "  articles  under  certain  conditions,  and  under  order 
of  the  General  of  the  Division, 


1  For  an  excellent  acconnt  of  the  Soldier's  Ratiot!  in  India,  ftee  AUxamUr  Prite  a 
188S,  by  R.  H.  Firth,  F.R.C.S. 

2  AUtnt>ance  Regulatimis,  1890,  sectbn  %  T>iira,  20. 

>  it  has  bc!«n  sugseKted  that  chloride  and  pnosphaie  of  potassium « and  perhaps  a  little  cltmto 
of  iron,  might  he  addcHl  to  the  common  salt. 

*  For  furthfir  remarks  jie«  '*  Military  Hygiene,"  a  lectnpehy  F.  dc  Chaumont,  Jomrmtd  Q^IJU 
UtiiUtl  Strtice  Inditution^  1870» 
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Bread  (which  should  be  well-bakeil) sliould  be  issued  fu?  long  as  possible;^ 
and  if  biscuit  is  issued  for  tuore  thjin  a  week,  floui-  or  rice  should  be  added 
to  it.  Salt  meat  should  never  be  issued  for  several  days  in  succession,  with 
the  present  excellent  BUpply  of  preserved  meat  in  tins.  K  no  vegetables 
can  be  obtained,  lime  jiiice  should  he  early  had  recourse  to. 

The  umol  alcoholie  nition  of  the  troops  ahoiild  be  beer  or  ivine,  instead 
of  spirits,  A  a  all  the  eoutinontal  annics  issue  wine  rations  in  war,  there 
call  be  no  difticiilty  on  the  score  of  transport ;  and  oven  with  beer,  though 
twice  as  liulky  as  wine,  it  is  Ijelieved  that  it  coulii  be  in  most  cases  supplied. 

But  the  issue  of  red  wine  insteiid  of  spirits  is  strongly  urged. 

For  rapid  expetlitions,  \dien  trans]K)rt  has  to  be  reduced  to  the  minimum, 
the  use  of  concentrated  and  cooked  foods  is  aU-importiint.  The  men  can 
Ciirry  enough  for  seven  or  eight  days,  and  are  then  independent  of  all  base 
of  supply. 

Fea  and  flour  sausages,  meiit  biscuit^  and  dried  meat  are  the  best  to 
use ;  and  the  Lssue  of  cheese  and  h^icon  fat>  if  it  can  be  obtained  with  tliese, 
gives  a  diet  '\\  hich  is  fairly  nutritious  and  not  disagreeable.  The  following 
would  lie  tiie  weight  of  foo^l  wliicb  would  last  a  man  a  week,  and  render 
him  independent  of  the  Supply  Department  duriug  that  time  :■ — Biscuit,  2  lb  ; 
pea  or  flour  meat  sausage^  4  lb ;  dried  meat,  2  lb ;  sugar,  f  lb ;  tea,  J  H) ; 
cheese,  1  lb ; — total,  10  6.  Tliat  is  to  say,  a  weight  of  10  lb,  which  would 
hv  lessening  day  by  day,  would,  if  properly  used  by  the  men,  carry  them 
through  a  week's  lahoiir,  and  although,  of  course,  a  meagre  diet,  would  yet 
enable  them  to  do  their  work.  A  special  emei^ency  nition  has  been  long 
under  consideration. 

The  extract  of  meat,  as  an  extra  ration,  is  intended  for  another  purpose. 
It  has  a  great  restorative  jwwer,  and  should  be  kept  for  special  eases,  such 
ax  the  following  : — 

1.  It  is  expected  the  army,  after  a  iiipid  march,  will  meet  tlie  enemy, 
and  that  there  will  1>e  no  time  for  preimring  food,  A  small  quautity  of 
Liebig's  extnict,  merely  mixed  with  3  or  4  ounces  of  red  wine,  will  restore 
strength  in  u  wonderful  way  ;  no  cooking  is  required,  and  ten  minutes* 
time  will  supply  a  whole  regiment. 

2.  The  force  meets  heavy  weather,  and  every  man  is  drenched.  The 
issue  of  Liebig's  extract,  made  into  hot  soup,  and  with  wine  added,  will 
have  a  very  great  effect  in  preventing  had  consequences. 

3.  A  forced  march  lias  to  be  made  in  a  very  short  time,  and  no  llres  can 
he  lighted  for  cooking,  Lieljig's  extract  in  small  tins  should  be  distributed 
t*>  the  men,  who  should  spread  it  on  their  Inscuits. 

4.  After  action  it  is  invahiable  for  wounded  nien,  and  can  be  carried 
about  the  field  and  given  to  the  men  who  cannot  be  brought  into  the 
hospital 

In  war  the  supply  of  food  is  often  difficult,  but  as  an  army  *'  fights  on  its 
belly,"  the  importance  of  food  at  critical  movements  cannot  be  overrated. 


1  Stemn  iMilcfog  GTf^n.^  hare  'b«en  used  in  the  Antmnn  ManwuvreKr  and  Iwvc  been  found 
very  go^*!.     Fi*4'<  r«>  also  built  by  iron  hcMDjwt  fixed  in  the  gronnd,     Lord  Wolselty 

irives  tlu'  fullovM  Take  &  barrvl  (with  iroD  boom,  if  possibk);,  knock  out  the  heniL 

liiy  it  on  its  side,  ,-:.  .  ...iung  a  bed  for  it ;  cover  it  with  a  coating  of  8  or  8  inches  of  thloK 
uiiut  except  at  the  open  end  ;  pile  up  sand  or  earth  to  a  thicknesit  of  6  inehc*  over  the  mnd  ; 
arrange  u  flue  at  the  end  distant  l^ni  the  op«n  part,  through  the  mud  an>l  earthy  of  3  incheiti 
diaTiit*t4'r»  to  iucrea^e  the  rirauj^ht  when  the  fir©  is  burning.  Fomi  an  oven  surface  of  well- 
kui-.-idcd  iiiud  at  Uu^  bottom  of  the  barrel ;  light  a  fire  in  Uie  barrel,  and  keep  it  alight  ontil 
ali  tbu  wood  iA  burut ;  then?  will  then  be  a  good  oven  of  clay,  supportecl  by  the  iron  boo|i«. 
When  heated  for  tiaking,  the  mouth  lit  closed  with  boanis,  or  a  piece  of  iron  or  tin.  Tbeao 
ovena  were  used  in  the  lied  River  £xpeditionf  ami  aiiswenid  admirably^ 
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The  imcertainty  of  the  time  of  supply,  and  the  difficulty  of  cooking,  oft&n 
cause  the  men  to  be  without  food  for  &o  many  lioiirs  as  to  exhaust  tbem 
greiitly,  and  Bome  actions  have  been  lost,  others  have  remained  without  gix4 
result,  from  this  cause.  This  can  only  he  avoided  by  regimental  transport 
of  condensed  and  rcady-cooked  food,  wliich  may  bo  used  on  such  emergencit^s, 
and  given  in  addition  to  the  usual  rations  issued  by  the  Supply  Departments. 
The  colonel  of  a  regiment  would  then  always  be  sure  that  he  had  the  meiuii 
of  keeping  up  the  strength  and  vigour  of  his  men.  The  Austrian^  hare 
tried  a  plan  of  cooking*  which  is  intended  to  obviate  one  difficulty  on  the 
march. ^  A  Vieiuiese  engineer  (Herr  Benerle)  has  altered  Papin's  digester  in 
such  a  way  as  to  make  it  a  conveniejit  cooking  utensil,  and  it  is  now  in  um 
in  the  Austrian  ambulances.  It  is  a  doubly  conic  iron  pot  covered  with  a 
lid,  and  capable  of  standing  the  pressure  of  iive  atmospheres ;  the  lid  is  fas- 
tened by  screws,  and  a  layer  of  felt  or  india-rubber  is  between  it  and  the  rim 
of  the  pot,  so  as  to  exehide  air ;  in  the  lid  is  a  veutilatiiig  opening  weighted 
to  2 '5  lb  (Austrian  =  31  R)  English),  so  that  it  opens  when  the  pressum 
exceeds  one  iitmosi*herc.  The  meat,  stilt,  vegetables,  iScc,  are  put  into  this 
digester,  and  it  is  filled  up  with  water  till  about  3  fingers*  breadth  from  the 
top.  The  amount  of  water  is  1  pint  (English)  to  1  th  of  meat  ( English). 
This  makes  so  strong  a  soup  that  it  has  ki  be  diluted.  The  pot  mth  the  lid 
screwed  down  is  put  on  the  tire  (three  iron  supports  from  which  the  pot 
hangs,  like  a  gipsy^s  kettle,  are  pro^^ded  for  tl)e  Held),  and  as  soon  as  steam 
is  developed,  which  is  known  by  opening  the  ventilator  a  little,  the  fire  ib 
moil  era  ted.  In  an  hour  and  a  half  the  soup  is  ready.  Pots  to  cook  from 
eight  to  twenty-five  rations  are  made,  and  special  arrangements  are  made  fnr 
cooking  potatoes,  Sec,  The  phm  is,  in  fact,  in  principle  similar  to  Warren  s 
com pressed-s Learn  boilers,  now  used  in  the  army,  but  is  simpler. 

One  advantage  in  active  service  of  this  |dim  is,  that  if  the  troops  are  sur- 
prised, and  have  to  move  off  their  ground  before  the  soup  is  ready,  the  pot 
is  simply  thrown  into  the  waggon,  and  at  the  end  of  the  march  the  soup  is 
usually  found  to  be  ready.* 


Rations  of  the  French  Soldier. 
In  Timeo/F^ice, 

Under  the  present  Kegidations,  the  Government  furnishes  the  meat  for 
the  soldiers'  rations  at  about  35  per  cent,  under  markup  price.  This  has 
proved  a  great  advantage  for  the  soldier.  The  State  bIbo  furnishes  hread 
{pain  de  munition)  and  fuel ;  the  white  bread  {pain  de  s<tuj)e),  as  well  as 
other  articles,  are  bought  from  the  funds  of  the  ordinaire^  or  common  fund 
of  the  company,  battery,  or  squadron. 

If  biscuit  is  issued,  550  grammes  (or  19*4  ounces)  are  given  in  place  el 
bread.  If  salt  beef  is  used,  250  grammes  (B'8  ounces)  are  issued,  or  200 
(7  ounces)  of  salt  pork.  Haricot  beans  form  the  chief  part  of  the  dried 
vegetablea.     The  following  is  the  authorised  scale ^^ — 


1  Der  Beuerle'sche  Danipfkooht-onf^  Detditche  MUiiarartiliche  EeUxk^t  1872,  Heft  ▼.  f^  31&. 

-  In  the  Crimea^  Soyer  introdiicea  vftrioua  portable  cooking  stovei^  but  probably  the  oonK 
preseed-fiieam  cooking  will  suiwrsede  all  otner».  Soyer  also  gave  sevend  reoelpta  liar  fidd 
oookine,  which  wer«  fonnd  to  be  very  useful.  A  Dumber  of  these  rec«ipta  were  prmted  in  187S 
at  the  Koyal  Artillery  Institution  at  Woolwich.  In  case  of  a  war,  it  would  be  UMfVil  to  pftsi 
some  receipts  of  the  saine  kind,  a^lapted  to  the  particular  sort  of  cooking  stove  Hmsl  m  om. 

>  Momche,  Op*  cU-^  p^  527. 
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Munition  bread, 
White  bread  for  soup, 
Meat  {uncooked). 
Vegetable 


Salt, 
Pepper, 


(jpreen), 
(dried), 


Oimmmea. 

Oimces  avoir. 

760 

26*4 

250 

8-8 

300 

10-6 

100 

8-6 

80 

1-1 

15 

0-6 

2 

/0073 
,  —  31  grains. 

Total, 


1447 


51-00 


Analysed  by  the  table  for  calculating  diets,  and  deducting  20  per  cent, 
from  the  meat  for  bone,  the  water-free  food  of  the  French  infantry  soldier 
is,  in  ounces  and  tenths — 


Water. 

Proteida. 

Fats. 

Carbo- 
hydrates. 

Salts. 

Water- 

fTM 

Food. 

Meat, 

Bread, 

Vegetables  (taken  as  cabbage). 
Vegetables  dried  (as  peas),     . 

6-30 

14-15 

3-19 

016 

1-26 
2-82 
0-01 
0-24 

0-70 
0-53 
O'OO 
0  02 

17^5 
0-21 
0-58 

0-13 
0-45 
0-02 
0-02 
0-50 

2  09 
21-05 
0-24 
0-86 
0-60 

Total, 

23-80 

4-83 

1-25 

18*04 

112 

24-74 

In  Algiers  the  ration  of  bread  is  also  750  grammes,  or  26-5  ounces,  and 
8-8  oimces  for  soup,  or  biscuit  643  grammes.  The  meat  is  the  same ;  60 
grammes  of  rice  and  15  of  salt  are  issued,  and,  on  the  march,  sugar,  coffee, 
and  ^  litre  of  wine. 

In  time  of  war  discretion  is  given  to  the  Minister  of  War  and  the  General 
Commanding,  by  the  decree  of  26th  October  1883,  to  fix  and  modify  the 
soldiers'  rations,  so  as  to  suit  the  circumstances  and  places  where  war  may 
be  carried  on.  By  the  decree  of  16th  December  1874,  soldiers  on  board 
ship  receive  the  same  rations  as  the  sailors  of  the  navy,  which  are  much 
more  liberal  than  those  allowed  by  the  military  regulations. 

German  Soldleb. 
The  rations  in  time  of  peace  are  divided  into  the  smaller  and  the  larger 
victualling  rations ;  the  former  for  ordinary  use  in  garrison,  the  latter  for 
use  in  camps  and  in  field  manoeuvres. 


Bread, 

Meat  (raw), 

or  Bacon, 

or  Smoked  Meat  (only  in  war  time). 

Rice, 

or  Groats  or  Grit, 

or  Peas  or  Beans, 

or  Potatoes,* 

Salt, 

Roasted  Coffee  (exceptionally  only  in  war  time). 

Brandy,       

or  Boor, 

or  Wine, 

Butter, 

Tobacco, 


Smaller  Ration, 
in  ounceB  avoir. 
26-47 

5-30 

4-41 


8-18 

4*24 

8-12 

68-00 


Larger  Ration,  as  supplied 

forCampn,  Marches,  Ac., 

in  ounces  avoir. 

85-30 

17-65 

6  00 

8-82 

6  00 

6-00 
12  00 
7100 

0-88 

1-41 

8-58 
85-30 
17-65 

1-76 

1-41 


1  25  per  cent,  is  lost  in  boiling  and  peeling ;  besides,  smaller  potatoes  than  the  English  kind 
are  served  out,  occasioning  still  more  waste. 
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The  nutritive  value  of  these  diets  is  as  follows : — 


Kind  of  Ration. 

Protelds. 

Fat. 

Carbo- 
hjdrates. 

Salts. 

Smaller  Ration,                            3-79 
Larger  Ration,  .        .                  4*76 

077 
0-96 

17-27 
18-81 

0-47 
0-50 

Troops,  when  travelling  by  railway  or  steamer,  receive  an  additional  pay 
of  25  pfennings  (  =  3  pence)  per  man  for  refreshments.  Should  the  travel- 
ling last  longer  than  16  hours,  the  additional  pay  is  doubled. 

In  Time  of  War, — The  supply  of  rations  for  the  Germans  during  the 
Franco-German  war  was  thus  conducted : — 

1.  During  the  marches  in  Germany  the  men  were  billeted,  and  money  was 
paid  for  their  food. 

2.  Supplies  were  drawn  from  the  Magazines. 

3.  Supplies  were  obtained  by  requisition  when  the  troops  entered  France. 
This  last  plan  was  a  bad  one,  as  was  especially  shown  in  the  march  to  Sedan, 
where  the  Germans  passed  over  a  country  previously  nearly  exhausted  by  the 
French.  The  principal  defect  was  the  great  uncertainty  and  irregularity  of 
the  supplies ;  some  corps  received  too  much,  others  too  little,  and  the  hos- 
pitals especially,  which  had  not  men  to  send  out  to  get  supplies,  were  par- 
ticularly badly  off.  The  quality  of  the  food  was  also  often  bad ;  so  that^  as 
far  as  the  health  of  the  troops  is  concerned,  the  system  of  supplies  by  requi- 
sition should  be  as  little  used  as  possible.  It  must  be  noted,  however,  here, 
that  the  Germans  did  not  pay  ready  money,  which  might>  perhaps,  have 
attracted  better  supplies  than  the  system  of  written  vouchers.  The  maga- 
zine supplies  were  excellent,  but  occasionally  failed  in  certain  articles,  such  as 
fresh  meat,  as  a  substitute  for  which  the  celebrated  pea-sausage  was  issued. 
But  it  was  found  that  if  the  pea-sausage  was  used  too  exclusively  the  men 
disliked  it.  In  fact,  one  of  the  greatest  difl&culties  was  the  too  great  uni- 
formity of  the  food.  To  do  away  with  this,  bacon,  preserved  and  smoketl 
meat,  peas,  and  white  beans,  and  potatoes,  when  possible,  were  issued  as  a 
change  of  diet. 

The  want  of  knowledge  of  cooking  was  very  great,  and  the  addition  also 
of  articles  to  give  flavour,  as  vinegar  and  spices,  would  have  been  much 
prized.  Roth  strongly  recommended  the  establishment  of  a  school  for  cook- 
ing, like  that  at  Aldershot.  The  bread,  owing  to  the  long  time  it  was  on 
transport,  was  sometimes  mouldy. 

The  daily  war  ration  is  now  as  follows :  ^ — 


ham,  bacon,  or  sausage, 


Bread, 

Fresh,  or  raw  salt  meat, 

or  Smoked  beef,  mutton, 

Rice  or  ground  barley, 

or  Peas,  beans,  or  flour, 

or  Potatoes, 

Salt, 

Coffee  roasted, 

or  Raw  Coffee, 

This  affords  from  4*37  to  5*44  ounces  proteids,  from  0*71  to  3*71  fat,  and 
from  19*61  to  22*41  of  carbo-hydrates. 


26*50  ounces. 

18-26       „ 

7*00 

4*50 

9*00 

63*00 

0*90 

0*90 

1*00 

1  Dr  W.  Roth,  Jahresbericht  uber  die  Leistungen  und  FortaehriUe,  1888. 
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Austrian  Soldier.^ 
The  peace  ration  consists  of  the  following  : — 
Bread,  . 
or  Biflcoit, 
Meat, 
Suet, 

Wheat  flour, 
or  Legumes, 
or  Groats, 
or  Millet, 
or  Pearl  barley, 
or  Potatoes, 
or  Rice,    . 
Sauer  kraut. 


30*89  ounces. 

17-66  „ 

671  „ 

•62  „ 

6-57  „ 

2-47  ,, 

4-94  „ 

6-29  ,. 

402  „ 

19-77  „ 

3*71  „ 

5-64  „ 


This  contains  protcids,  4-34  ounces;  fatj  1*74  ounces;  carbo-hydrates,  17*33 
ounces,  and  0*53  ounce  of  salts. 
The  war  ration  consists  of — 

Biscuit,   . 

Flour,      . 

Beef, 

or  Salt  meat, 

or  Bacon, 

Peas, 

or  Groats, 

or  Potatoes, 

or  Sauer  kraut, 

Suet, 

The  nutritive  value  of  this,  with  beef,  is  proteids,  5*15  oz. ;  fat>  1*66  oz. ; 
carbohydrates,  22*77  oz. ;  with  bacon,  proteids,  3*85  oz. ;  fat>  4*76  oz. 
Wine,  brandy,  beer,  and  coflfee  are  also  given. 

Russian  Soldier.^ 


8-53  ounces. 

26-20 

9-88 

6  00 

6  00 

6-29 

4-94 

8-82 

5-54 

106 

Rye-bread,    . 
or  Biscuit,    . 
Flour,  . 
Meat,    . 
Groats, 
Butter  or  Tallow, 


Peace  Ration, 
in  ouncea  avoir. 


43-35 

28-91 

32-65 

7-24 

4-80 


;  Smaller  War  Ration, 
In  ounces  avoir. 


36-15 


14-44 
4-80 
1-84 


Larger  War  Ration, 
In  ounces  avoir. 


86-15 


21-67 
4-80 
2-72 


The  nutritive  value  of  these  diets  is : — 


Kimi  of  Ration. 


Proteids. 


Peace  Ration,    . 
Smaller  War  Ration, 
Larger  War  Ration,   . 


5-86 
3-67 
6-79 


Italian  Soldibr.2 
The  peace  ration  of  the  Italian  soldier  is  as  follows : — 

Ounces  avoir. 
Bread,  .32  40 

Meat, 7'06tolO-6» 

Bacon,  0  53 

Rice,  5-30 

Salt, 0-53 

Sugar,  .......  0-71 

Roasted  coffee,  0*53 

Wine, 8-82 


1  FrOUch,  MilxUknn/ediein,  1887. 


»  Frolich,  Qp.  cii. 
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bmy  is  as 

follows 

22-00 

ounces. 

12-00 

18-00 

16-00 

2-40 

l-«0 

2-40 

1-60 

0-26 

The  nutritive  value  of  this  diet  is : — proteids,  3*99  ounces;  fat,  1-34  ounces, 
and  carbo-hydrates,  21*64  ounces. 

United  States.^ 

The  daily  ration  of  a  soldier  in  the  United  States  Army  is  as 

Fresh  meat  20  oances,  or  salt  beef, 

or  Pork  or  bacon, 

Bread  or  flour, 

Potatoes, 

Peas  or  beans, 

Rice, 

Sugar,      . 

Coifee  (raw). 

Salt, 

Sbpoy  Diet. 

Dr  Godwin  2  has  calculated  the  diet  of  a  Hindu,  such  as  a  Sepoy 
servant,  to  consist  of  4-387  oz.  of  proteids;  1-278  oz.  of  fat;  18*584 
oz.  of  carbo-hydrates ;  and  0*64  oz.  of  salts — total  water-free  food,  25*113 
oz.  It  is  thus  a  really  better  diet  than  that  of  the  European  soldier.  The 
principal  articles  were — 24  oz.  of  attar  (ground  wheat),  4  oz.  of  d&l  (pea), 
and  1  oz.  of  ghee  (butter).  In  other  cases  rice  is  more  or  less  substituted 
for  wheat.  The  Hindu  diet  consists  of  wheat,  or  of  some  of  the  millets 
(cholum,  ragi,  cumbu — see  MiUeU)y  rice,  leguminossB  {Cajanua  indicus),  with 
green  vegetables,  oil,  and  spices.  If  any  kmd  of  diet  of  this  sort  has  to  be 
calculated,  it  can  be  readily  done  by  means  of  analysis  of  the  usual  foods 
previously  given.  As  an  example  may  be  given  the  following  scale  of  diet, 
adopted  (amongst  others)  in  Lower  Bengal  (1881)  for  labouring  prisoners, 
natives  of  Behar,  North-West  Provinces  and  Punjab.  For  Bengalis  an- 
other scale  is  provided.^ 


Diets  consisting 

Diets  (optional)  containing  animal  food. 

solely  of  vegfmblo 

stibitunees. 

Mcjjt. 

-    - 

FiAlj. 

the  Mvuml  dltU.     ^ 

NBtTltJro 

fhtlSMB. 

Niitrlth-B  value 
lit  pa  bis 

OuncM. 

XBtTltlTf  T»M 

la  trnOnfc 

\    1 

. 

d 

t£ 

1 

«; 

4 

» 

i 

1 

■     1 

1 

t 

96 

'1 

1 

1 

t 

'1 

1 

'         i       1 

,  1      a 

1 

B 

' 

r 

& 

^ 

B 

s 

r 

£ 
^ 

" 

Rii^e,  .     .     .\yi 

008  2040O    12 

12 

84-0 

i25-8 

14280-0 

12 

12 

M-Q 

426-8 

1429011 

Wliisat  Flour*    10 

92-2  1700-0  1 10 

10 

70-0 

6454 

11900-0 

10 

10 

70-0 

646-4 

11900* 

Meat,  ,..-.. 

K..             ' 

i 

Iti-O 

ia5-6 

1024-0 

Fbh 

,.. 

^t. 

4 

Ifl-O 

184* 

®38-i 

Pubt,  .    ,     ,    ti 

iwa 

1020-0 

*i 

6  ' 

28-0 

464-3 

4420'0 

*i 

6 

26* 

4^3 

4420* 

TegetJiLk's,    .    6 

,  *"-^ 

'm-ii 

6 

6 

42-0 

29-4 

1407-0 

6 

6 

42* 

2S4 

i4or* 

Oil,     .     .       1  -5 

172-8 

%*j 

-6 

^'5 

... 

1209^ 

'& 

-5 

3-6 

120&* 

TajimriDil,     .  \  *5 

is 

87     -5 

•s 

3-5 

30-e 

61^ 

■5 

^ 

36 

30  •« 

$1-2 1 

Salt,    .     ;     J '5 

.., 

,..    ;   ^5 

*5 

a-5 

... 

■5 

'6 

3-5 

Condimentii, ,    "25 

'26 

■26 

hlb 

f*. 

1i6 

■25 

1-75 

ilolrtSStf!!^  .     .1 

149^   1 

1 

ITU 

10472 

1 

1 

7* 

1047^' 

1  Gmiu,      .     ,  i  3 

5i"5 

610*  3 

;* 

21-0 

375-0 

3570-0 

3 

3 

21-0 

375* 

3670* 

Daily  avemge 
nutritive  value, 

322 

1 

5892  1  .,. 

-' 

■-* 

305 

6560 

-       ■■ 

'■■ 

m 

6533 

1  Military  Hyglent,  A.  Woodhull,  New  York,  1890.        2  A.M,D,  Report,  voL  viL  1865 

«  licwis,  Op.  cit,,  p.  694. 
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In  tho  Afghan  War,  1878-1880,  the  native  troops  received — attar  or  rice, 
2  Ibj  ghee,  2  ounces,  dhal,  4  ounces,  and  salt^  J  ounce,  iilso  meat  and  con- 
diments on  payment.  In  the  Soudan,  1885,  Egypt,  1882,  and  Akar  1883 
Exi>editions,  onions  were  also  issued. 


SECTION  in. 
THE  CLOTIimO  OF  THE  SOLDIER. 


Tlie  structure  and  examination  of  fabrics  Imve  been  already  given. 
Regulcdiofm. — No  specific  instructions  are  kid  down  in  the  Medical 
EegulcUions  respecting  clothing,  but  the  spirit  of  the  general  sanitary  rules 
necessarily  includes  this  subject  also.  WTien  an  army  tiikes  the  field,  the 
Director-Gene nd  is  tlirected  tu  issue  a  code  for  the  guidance  of  medical 
officers^  in  wliich  clothing  is  specially  mentioned ;  and  the  sanitary  ofticer 
%vilh  the  force  is  ordered  to  give  advice  in  writing  to  the  commander  of  the 
forces,  on  the  subject  of  clothing  among  other  things. 

Formerly  a  certain  sum,  intended  to  pay  for  the  clothing  of  the  men,  was 
allotttid  by  Government  to  the  colonels  of  regiments.  This  was  a  relic  of 
the  old  system  by  wliich  regiments  were  raised,  viz.,  by  [H?rmitting  certain 
persons  to  enlist  men,  and  assigning  to  them  a  sum  of  money  for  all  expenses 
Tlie  colonel  employed  a  contractor  to  tind  the  clothes,  and  received  from  him 
the  surphis  of  the  money  after  all  payments  had  been  made.  A  discretionary 
power  rested  with  the  service  officers  of  the  regiment,  who  could  reject 
improper  and  insufficient  clothingj  and  thus  the  intere>sts  of  the  soldier  were 
in  part  protected.*  The  system  was  evidently  mdieally  Imd  in  principle,  and, 
since  the  Crimean  war,  the  Government  has  gradually  taken  this  depart- 
ment into  its  own  hands,  and  a  large  estiiblisliment  hius  been  formed  at 
Pindico,  where  the  clothing  for  the  anny  is  now  prepared.  This  system 
has  worked  extremely  well ;  the  materials  have  been  both  better  and  cheaper, 
and  impurUmt  improvements  have  been  and  are  still  being  introduced  into 
the  make  of  the  garments,  which  cannot  fail  to  inereiise  the  comfort  and 
efficiency  of  the  soldier. 

At  the  Pimlico  depot  tlie  greatest  care  is  taken  to  test  all  the  materials 
and  the  making  up  of  the  articles ;  the  \iewers  are  skiDed  persons,  who  arc 
believed  to  be  in  no  way  under  the  influence  of  contractors. 

In  January  1865  a  w^arrant  was  issued  containing  the  regulations  for  the 

clothing  of  the  army,  and  several  other  warrants  and  circulars  have  since 

been  promulgated.     They  are  now  consolidjited  in  tlie  Rerfulaiit/m  for  the 

Supply  of  Clothing  and  Necessaries  to  the  Regular  Forre^y  1887. 

^L       Whan  tt  soldier  enters  the  army  he  is  supplied  with  his  kit;  some  urticks 

^K^are  subsequently  supplied  by  Government,  others  he  makes  guod  himself. 

^KI&  tlie  infantry  of  the  line  a  careful  soldier  can  keep  hts  kit  in  guod  onler  at 

^^^^ost  of  about  £\  per  annum.     The  following  are  the  articles  of  the  kit 

^M  supplied  to  the  infantry  recruit : — 


^ 


Clothitig, 


2  Frocks. 

2  Paira  of  troosiCiw 

1  Pair  mitt*. 


2  Paire 
year). 


ankle  boots  (ooe  esch  hsU- 


omge  cap* 


1  But  thU  lAff^tAnt  wai  not  sufflcienl    Dflloen  ore  not  judges  of  eicdkuct;  or  cloth  ;  for 
'*    '*         '        _   -'  1  ^_^i^i —     A»  Robert  Jackson  aaui  «Uty  Tears  a^\  '*  Soldi pt**  cloth- 

I  tho«j  who  parchajie  for  thent^ 


this  it  roquiiw  »j>edAl  trainiM.  A»  Bobert  Jackson  said  «Uty 
tug  b  inspected  and  approved  by  lets  competent  Judged  than  1 
Mlvea.^ 
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Necessaries, 

2  Flannel  shirts.^ 

1  Razor  and  case. 

3  Pairs  socks  (worsted). 

1  Hold-all. 

1  Pair  braces. 

1  Tinofblackinc. 
1  Blacking  brusn. 

1  Hair  comb. 

1  Knife  (table). 

1  Brass  brush. 

1  Fork. 

1  Cloth  brush. 

1  Spoon. 

1  Mess  tin  and  cover. 

1  Polishing  brush. 

1  Shaving  brush. 

2  Towels. 

1  Button  brass. 

1  Piece  of  soap. 

1  Kit  bag. 

1  Sponge,  pipeclay. 

The  kit  is  divided  ^  into  the  surplus  and  the  service  kit  The  former, 
consisting  of  1  frock,  1  pair  of  socks,  1  shirt,  1  towel,  2  brushes,  and  such 
articles  for  the  hold-all  as  are  not  wanted,  is  carried  for  the  men.  The  ser- 
vice kit  is  supposed  to  be  carried  by  the  man,  either  on  his  person  or  in  his 
knapsack. 

Certain  articles  are  also  issued  free  of  expense  at  stated  intervals.  For 
the  particulars  of  these,  reference  must  be  made  to  the  MegulcUians,  1887, 
where  they  are  stated  in  detail.  The  following  are  the  articles  issued  to  tlie 
Line  infantry  soldier  at  home  : — 


helmet  and  bag, Quadrennially. 

tunic, Biennially. 

frock  (undress), Annually. 

pair  tweed  trousers, Annually. 

pair  tweed  trousers, Biennially. 

pairs  of  boots,  one  on  1st  April  and  one  on   1st )  a -n„«ii 

October, j  ^' 

1  Forage  cap Annually. 

1  silk  sash  for  warrant  officers  and  staff  sergeants,    .         Biennially. 

1  worsted  sash  for  sergeants, Biennially. 

1  greatcoat, Every  five  years. 

1  pair  mitts, Triennially. 


In  India  and  the  West  Indies,  and  other  tropical  stations^  light  clothing  of 
different  kinds  is  used — drill  trousers  and  calico  jackets,  or  in  India  com- 
plete suits  of  the  khaki,  a  native  grey  or  dust-coloured  cloth,  or  tunics  of  red 
serge  and  very  light  cloth  The  English  dress  is  worn  on  certain  occasions, 
and  during  the  cold  weather  season,  or  in  certain  stations.  Formerly  the 
home  equipment  was  worn  even  in  the  south  of  India ;  but  now  the  dress 
is  much  better  arranged,  and  differences  of  costume  for  different  places  and 
different  times  of  the  year  are  also  being  introduced. 

The  Regulations  for  1887  order  the  following  articles  of  clothing  to  be 
issued  to  each  man  proceeding  on  active  service  in  cold,  temi>erate,  or  hot 
climates : — 


1.  In  cold  climates — 


Sheepskin  coats  (for  100  men). 
Fur  caps  (per  man), 

Woollen  comforters,    ,,     . 
Jerseys,  blue,  ,,     . 

Boots,  knee,  brown  leather,  pairs 
Stockings,  woollen,  ,, 


Canvas  shoes  for    dismounted,    and 

putties  for  mounted  men. 
Drawers,  flannel  (per  man)  pairs. 
Belts,  flannel,  ,, 

Mitts,  fur-lined,  ,, 

Pilot  coats,  each  mounted  man. 
Laces  for  ankle  boots,  pairs. 


1  By  a  Circular,  November  1865,  flannel  shirts  only  are  ordered  to  be  supplied  to  the 
recruit. 
-  (Queen's  RegvlatUms^  1889,  section  12,  para.  52. 
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2,  In  temperaie  dimatts- 


•nnel  belts,  when  not  iadiidod  m 
the  voyage  kit,  ....         2 
Canvaa  shoes    for  dismounted^   and 

putties  for  mounted  men,    ,         1  pidr 


Waterproof  capci  (for  100  men), 
Watch  coata,  „ 


10 
3 


3,  In  tropical  climate — 

Frodc  ooftte,  of  serge  or  tartan,  when  not  supplied  as  ordinary  clothing  of  the^ 
dimates, 

Flunncl  belts,  when  not  part  of  the  sea  kit, ,        . 

Coats,  waterproof  (for  100  men), »        ,        ,         . 

For  India,  &  drill  frock  and  drill  trousers  Mt  snpplied  at  thts  public  expense  j 
for  trojiieal  and  sub-tropical  stations  a  wliite  helmet  is  issued  in  place 
of  the  black  one. 


1 

2 

10 


SECTION  IV, 


I 


ARTICLES  OF  CLOTHmO. 

L   Vndfrrlothimj^  viis.,  vests,  draw*.»n3,  shirts,  stockifigs,  flajinel  belts,  &c. 

Tho  soldier,  as  a  rule,  wears  as  underclothing  only  a  shirt  and  jsocks*  He 
is  obliged  to  have  in  hia  kit  two  ahirts.  There  has  been  much  discuBsion  a.s 
to  the  respective  merits  of  cotton  and  flannel  ahirte.  Almost  ail  medieal 
otiicers  prefer  the  latter,  but  their  coat,  weight,  difficulty  of  oleaning,  and 
shrinking  in  washing,  have  Wen  obj  ections  to  their  general  adoption.  General 
Sir  A.  Herbert  solvf^l  the  difficulty  by  issuing  a  shirt  which  is  partly  wool, 
partly  cotf^^n  ;  it  *m  lighter  and  cheaper  than  wool,  as  durable  as  cotton,  and 
do4'8  not  shrink  in  washing.  It  is  of  soft  even  texture,  and  weighs  19  ounces. 
Undm*  tlie  microscope,  Dr  Parkes  counted  from  45  to  47  per  cent,  of  wool. 

In  time  of  war,  shirts  may  be  partially  cleaned  in  this  way : — The  soldier 
should  wear  one  and  Qnvvy  one  ;  every  night  he  should  change  ;  hang  up  tho 
one  he  takes  off  to  dry,  and  in  the  mondng  beat  it  out  and  shake  it  thoroughly. 
In  this  way  much  dirt  is  got  rid  of.  He  shoidd  then  ciirry  this  shirt  in  his 
pack  during  the  day,  and  substitute  it  for  the  other  at  night  If  in  addition 
great  care  is  taken  to  have  washing  parades  as  often  as  possible,  the  difficulty 
of  cleaning  would  be  avoided. 

For  hot  countries  the  common  English  flannels  are  much  too  thick  and 
irritating  ;  flannel  must  be  exceedingly  fine,  or  what  is  perbaps  better,  merino 
hosiery,  which  contains  fr«:im  20  to  50  per  cent  of  cotton,  could  he  used. 
Tho  best  writers  on  the  hygiene  of  the  tropics  (Chevera,  Jeflxeya,  Moore) 
have  all  reeommended  flannel 

The  soldier  wears  no  drawer8»  but  in  reality  it  is  just  as  imfKirtant  to 
cover  the  legs,  thighs,  and  hips  with  flannel  as  the  upper  jwirt  of  the  body. 
Drawers  folding  well  over  the  abdomen  form,  with  the  long  shirt,  a  double 
fold  of  flannel  over  that  important  [mrt,  and  the  necessity  of  fliinnel  belts  or 
kaniiubands  is  avoided. 

Tlic  soldiere'  socks  an:  of  worsted  ;  they  should  be  well  slirunken  before 
being  fitted  on.  It  has  been  proposed  to  do  away  with  stockings  altogether, 
but  w^ith  the  system  of  wearing  shoes,  it  is  difficult  Ui  keep  the  feet  perfectly 
clean.  The  hoots  get  impregnated  with  perspiration.  The  German  troops, 
instead  of  etoi-kings,  fold  pieces  of  calico  which  have  been  previously 
anieared  with  lard,  across  tlie  foot  when  marching;  when  carefully  done, 
this  is  comfortcdile,  but  not  really  bett»?r  than  a  good  sock  kept  clcam 

2,  Ouier  GanitenU—TliQ  clothes  worn  by  the  different  arms  of  the  service, 

2   M 
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and  by  different  regiments  in  the  same  bmncky  are  so  nttmeroufl  and  diir 
that  it  is  impossible  t-o  describe  tlieiiL     In  many  cases  taste,  or  pai^e,  > 
fantasy  simply,  baa  ^lictnted  the  shape  or  the  material.     And  divei*sities  of 
this  kind  are  especially  noticeable  in  times  of  peace.     When  war  comes  with 
its  rude  tonchj  everything  wbich  is  not  useful  disappe-ars.     What  can 
easiest  borne,  what  reives  the  most  comfort  and  the  greatest  protection, 
soon  found  out.     The  arts  of  the  tailor  and  the  orders  of  tbe  martinet 
alike  disregarded,  and  men  instinctiYely  return  to  what  is  at  the  ^une 
most  simple  and  most  iisefuJ.     It  wih  be  admitted  that  the  soldier  intemle 
for  war  should  be  always  dressed  as  if  he  were  to  be  called  upon  the  ne 
moment  to  take  the  held.     Everything  should  bo  as  simple  and   effectii 
as  possible ;  ntihty,  comfort,  durability,  and  facility  of  repair  are  the  pr^ 
ciples  which  shonld  reguliit©  all  else.     The  dress  should  never  be  encuii 
bered  by  a  single  ornsmient,  or  embarrassed  by  a  single  contrivance  whic 
has  not  its  use.     Elegant  it  may  be,  and  should  be,  for  the  useful  does  no 
exclude,  indeed  often  implies,  the  beautiful,  but  to  the  eye  of  the  soldier  it 
can  be  beautiful  only  when  it  is  effective,^ 

Hfad-Dr*'fis, — The  headnlress  is  used   for  protection  against    cold,    we^ 
heat,   and  light.     It  must  be  comfortable ;  as  light  as  is  consistent  wit 
dnrability ;  not   press   on   the  head,   and  not  lie  too  close  to  the  hair ; 
should  pei-mit  aonm  movement  of  air  over  tlie  head,  and  therefore  ojienin^ 
not  admitting  rain,  must  be  made  ;  it  should  present  as  little  surface  as 
siblc  to  the  wind,  so  that  in  rapid  movement  it  may  meet  the  least  amouj 
of  resistance.     In  some  cases  it  mnst  be  rendered  strong  for  defence ; 
the  conditions  of  modern  war  are  rendering  this  less  necessary. 

As  it  is  of  great  importance  to  reduce  all  the  dress  of  the  soldier  to  thi* 
smallest  weight  and  bulk,  it  seems  desirable  to  give  only  one  head-dres 
instead  of  two,  as  at  present.  Reraemhering  the  conditions  of  his  life,  Jij 
exposure,  and  his  niglit-work,  the  soldier  s  head-*!ress  shoidd  be  adaj>ted  io 
sleeping  in  as  well  as  for  common  day-work.  Another  point  was  Virough 
into  notice  by  tlie  Crimean  War :  in  ah  articles  of  clotlyng  it  greatly  facil 
tates  production,  lessens  expense,  and  aids  distribution  if  the  different  article 
of  clothing  for  an  army  are  as  mueli  alike  as  fjossible  ;  even  for  the  infantr 
it  was  found  diJlicult  to  keep  up  the  proper  distribution  of  the  diffeten 
insignia  of  regiments. 

Htad'Dirs^  of  the  Infajifrif. — The  present  he^wi-dresses  are  the  biMirski] 
caps  for  the  Guards,  a  smaller  wn^    rather  lower  kind  of  sealskin  fur  Fi] 
hers,  the  Highland  bonnets  and  sliakoes  for  the  Highlimd  regiments, 
helmets  for  the  ArtilJery,  Engineei's,  and  Line,  and  forage  caps  for  all.     Th 
bearskin  weighs  37  ounces ;  the  Infantry  helmet,  made  of  cork  and  clot] 
14 J  ounces.     It  is  for  the  professional  soldier  to  decide  if  the  rapid  movi 
ments  and  the  necessity  of  cover  in  modern  war  are  compatible  with 
retention  of  the  bearskin.     If  not,  no  one  would  wish  to  retain  it  on 
tary  grounds  ;  it  is  heavy,  hot^  gives  Httle  shelter  from  rain,  and  oppoae^ 
large  surface  to  the  wind. 

The  (jlengarry  Scotch  cap^  noAV  ado]ited  as  the  forage  cap  of  the  army, 
very  soft  and  comfortable,  presses  nowliere  on  the  head,  has  sufficient  heigh 
above  the  hair,  and  am.  be  ventilated  by  oiienings  if  desired ;  it  cannot  li| 
blown  off }  it  can  be  carried  at  the  top  of  tlie  head  when  desired  in  h^ 
weather,  or  pulled  <lown  completely  over  the  forehead  and  ears  in  cold 
Unfortunately,  either  to  siive  cloth  or  from  some  idea  of  smartness,  it  is  noi 
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being  made  so  small  that  its  advantages  are  imperilled,  as  it  cannot  be  dmwn 
down  over  the  hend, 

Hmd- Dress  of  the  Camlri/, — The  Horse  Artillery  and  Cavalry  carry 
hehnets  and  caps  of  diiFereiit  kinds. 

The  shape  of  the  helmet  in  the  Guards  and  heavy  Dragoons  is  excellent. 
It  is  not  top-heavy ;  offei-s  little  surface  to  the  wind  \  and  has  sufficient  but 
not  exees«ive  height  ahove  the  head.  The  material,  however,  is  objection- 
able. The  metfil  intended  for  defence  makes  the  helmet  very  hot  and 
heavy;  and  the  helmet  of  the  Cavaliy  of  the  Guard  (Life  Guards  and 
Horse  Guards)  weighs  55  ounces  avoir.  ;  that  of  the  Dragoon  Guards,  39 
ounces  (in  1868).  But  as  every  ounce  of  unnecessary  weight  is  additional 
unnecessary  work  thrown  on  the  man  and  his  horse,  it  is  very  questionable 
if  more  is  not  lost  than  is  gained  by  the  great  weight  caused  by  the  metal. 
Leather  is  now  often  substituted  in  some  armies,  where  the  cavalry  helmets 
are  being  made  extremely  light 

The  Lancer  cap  weighs  29|  ounces ;  the  Hussar,  28  J  oimces.^  Both  are 
dressefl  of  fantiisy.  The  Lancer  cap,  except  for  its  weight,  is  the  Ixtter  of 
the  two ;  is  more  comforttihle  ;  shades  the  eyes  ;  throws  off  the  rain  better ; 
and  offers  leas  reaistance  to  moving  air  than  the  Hussiir  cap. 

In  Canada  a  fur  cap  is  used,  with  flaps  for  the  ears  and  sides  of  the  face 
and  neck. 

In  India  many  contrivances  have  been  used.  Up  to  the  year  1842  little 
attention  seems  to  have  been  paid  to  the  head-dreas  of  the  infantry,  and  the 
men  commonly  wore  their  European  forage  caps.  In  1842  Lctrd  ILirdinge 
issued  an  order  that  whiter  cotton  covers  should  be  wore  over  all  caps ; 
subsequently  a  flap  to  fall  down  over  the  back  of  the  neck  was  added. 
The  effect  of  the  cotton  cover  h  to  retluce  the  temjieraturo  of  the  air  in  the 
cap  about  4"  to  7*  Fahr.    Although  a  great  improvement^  it  is  not  sufficient. 

Bamboo  wicker  helmets,  covennl  with  cottt^n  and  provided  with  puggeries, 
are  now  used ;  they  are  light  (13  oz.),  durable,  not  easily  put  out  of  shape, 
and  cheap.  The  rim  is  inelii^ed,  so  as  to  protect  from  the  level  rays  of  the 
sun.  The  pith,  or  **  Sola "  hats,  appear  to  he  decidedly  inferior  to  Uie 
wicker  helmets ;  and  men  have  had  heatstr€»ke  while  wearing  them. 

The  '*  Tuson  "  helmet  has  lately  been  taken  into  use.  It  consists  of  two 
Ixjdies,  one  within  the  other,  forming  a  complete  air-chamber,  not  only  in 
the  crown,  but  in  the  hrim,  thereby  completely  protecting  the  temples  and 
the  ijajMi  of  the  neck.  The  weight  with  chin-strap  and  button  is  only 
llj^  ounces,  with  chin-chain  and  spike  14  ounces.  It  has  been  very  higlily 
spoken  of. 

In  the  French  inlantiy  the  shako  is  now  made  of  leather  and  pasteboai'd, 
and  is  di vested  of  all  unnecessary  ornament,  so  as  to  be  as  light  as  it  can 
be.  It  corner  well  l>ack  on  the  head,  being  prolonged,  as  it  were,  over  the 
occipital  protul>emn€e. 

In  Algeria,  the  Zouaves,  Spahis,  and  Tinulleurs  wear  the  red  fez,  covered 
witli  a  turban  of  cotton.  In  Cochin-China  the  French  have  adopted  the 
bamboo  wicker  helmet  of  the  English. 

The  natural  hair  of  t!ie  head  is  a  very  great  protection  against  heat. 
Various  customs  prevail  in  the  East.  Some  nations  shave  the  head,  and 
wear  a  large  turban ;  others,  like  the  Burmese,  we^ir  the  hair  long,  twist  it 
into  a  knot  at  the  top  of  the  head,  and  face  the  sun  with  scarcely  any 
turban.  The  Chinaman's  tail  is  a  mere  mark  of  conquest  The  Europciin 
in  India  generally  has  the  hair  cut  short,  on  account  of  cleanliness  and  dust 
A  small  wet  handkerchiei,  or  piece  of  calico^  carried  in  a  cap  with  good 
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ventilation,  may  be  umd  with  advantage,  and,  especially  in  a  hot  land- v>uiu, 
cools  the  head  greatly, 

U(taty  TuniCf  Skdi-Jadrt^  dx, — The  varieties  of  the  coat  are  numerous  in 
the  anny  ;  and  there  are  undress  and  stahle  suits  of  diti'erent  kinds.  The 
infaotry  now  wear  the  tunic,  which  is  a  great  improvemont  over  the  old  cut- 
away coatee.  It  is  still,  however,  too  tight,  and  made  too  scanty  over  tin? 
hips  and  across  the  abdomen.  A  good  tunic  should  have  a  low  collar,  ami 
be  loose  round  the  neck.  The  dock  is  now  abolished,  a  tongue  of  leiither 
being  substituted  where  the  collar  of  the  tunic  is  hooked  in  fronts  The 
tunic  should  also  be  loose  over  the  shoidders  (so  as  to  allow  the  delUiid  and 
latissimus  the  most  unre^^stricted  play)  ^  and  across  the  chest  It  should 
come  well  across  the  abdomen^  so  as  to  guard  it  completely  from  cold  and 
rain^  descending  loosely  over  the  hip^,  it  should  fall  as  low  over  the  tbighs 
as  is  consistent  with  kneeling  in  rifle  practice^  i.e,,  as  low  as  it  can  faU 
without  touching  the  ground.  Looking  not  only  to  the  comfort  of  the 
soldier,  but  to  the  work  and  force  required  of  him,  it  is  a  great  mistake  to 
have  the  tunic  otherwise  than  exceedingly  loctse.  A  loose  tunic,  a  blouee  in 
fact,  is  in  reahty  a  more  soldi er-1  ike  dress  than  the  tight  garment,  which 
every  one  sees  must  press  upon  and  hinder  the  rapid  action  of  muscles* 
The  tunic  should  lie  well  provided  with  pockets,  not  only  behind,  but  on  the 
siiies  and  in  front ;  tlic  pockets  being  internal,  and  made  of  a  very  striDng 
lining*  In  time  of  war  a  soldier  has  many  tilings  to  carry ;  fcMxi,  extra 
ainmrndtion  sometimes,  all  sorts  of  little  comforts,  which  pack  away  easily 
in  pockets.  If  the  apj>eanince  is  objected  to,  they  need  not  be  used  LQ  tiai6 
of  peace;  but  with  a  loose  dress  tliey  would  not  he  seen. 

A  great  improvement  was  made  by  General  Herbert.  The  old  ahell* 
jacket  was  done  away  with,  and  a  loose  frock  substituted. 

In  India  the  tunic  is  made  loose,  and  of  thin  serge  material. 

Waulcoitts.' — No  waistcoats  are  worn  in  the  hSritish  Army,  but  they  ought 
to  be  intiN^duced.''^  A  long  waiatcoiit  with  arm^s  is  one  of  the  most  usefid  of 
garments ;  it  can  be  used  >v  ithout  the  tunic  when  tlie  men  are  in  barracks  or 
on  common  drill.  Put  on  under  the  tunic,  it  is  one  of  the  best  protections 
against  cold.  At  present  the  men  ai'e  obliged  to  wear  tight  couts,  and, 
having  notliing  rmder  them,  Mne  them  with  ilannel  and  wadding.  In  winter 
and  summer  they  often  wear  the  same  dress,  although  the  oppression  in  the 
summer  is  very  great.  If  the  tunic  were  made  very  loose,  of  some  hght 
material,  and  if  a  gooil  short  Jersey  or  Guernsey  frock  were  allowed  to  l»e 
worn  at  the  ojjtion  of  the  men,  the  men  would  have  cool  dresses  in  summer, 
warm  in  whiter,  and  the  tlim  tunic  would  be  more  comfortable  in  the 
Meihterranean  and  sub-tropical  stations. 

Trousers, —  Furmeriy  the  army  woi'e  breeches  and  leggings ;  but  shortly 
before  or  during  the  Peninsular  War  trousers  were  introduced.  The  increiistnl 
comfort  to  the  soldier  is  said  to  have  been  remarkable  ;  tlie  trousers,  indeed^ 
protecting  the  leg  quite  down  to  the  ankle,  seem  to  he  as  good  a  dress  as 
can  be  devised,  if  made  on  proper  principles,  viz.,  very  loose  over  the 
hips  and  knees,  and  giithered  in  at  the  ankle,  so  that  merely  sufficient 
ojiemng  is  left  to  pass  the  foot  through.  The  muLhdaughed'at  lK>gti>p 
trousers  seem  to  be,  in  fact,  the  proper  shape.  In  this  way  the  whole  li?g 
is  prok'cted,  and  the  increased  weight  given  by  the  part  of  the  tn>Ui*er» 
below  the  knee  is  a  matter  of  no  consetjuence. 


^  This  c*nnot  caccur  if  ciMnileU  atc  worn  ;  luid  it  is  to  Ire  hoiked  iiothiiig  will  «v«r  < 
bring  iu  again  the  u&e  of  thuso  so-called  oniiuneiikts. 

*  A  woistcoAt  wm  introduoed  ttomc  time  ago,  bttt  liM  liooe  been  trnfontuiiAtcIj  wltlMtrswi 
sgauL 
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The  trousers  are  supported  either  by  braces  or  a  belt.  If  the  latter  he 
ttf*ed,  it  bIiouM  lie  part  of  the  trousers,  should  fit  just  over  the  hip,  and  not 
go  round  the  waist.  It  must  be  tight^  and  has  one  disadvantage,  which  is 
that  in  great  exertion  the  perspiration  flowing  do^Ti  from  above  collects 
there,  as  the  ti^^ht  belt  hinders  its  descent ;  also,  if  heavy  articles  are  carried 
in  the  pocket,  the  weight  may  be  too  great  for  the  belt ;  if  tight,  its  use  also 
predisposes  to  hernia,     Bmces  seem,  on  the  whole,  the  heat. 

Trousers  should  be  made  with  large  pockets,  on  the  principle  of  giving 
the  men  as  much  convenience  iis  possible  of  carryiDg  articles  in  tinie  of  war. 

In  Lidia,  trousers  are  mach?  in  tlie  same  fashion  as  at  home,  but  of  drill  or 
kliaki  cloth,  or  tliin  serge-^au  excellent  material,  especially  for  the  northern 
stations. 

Leggings  and  Gaiters. — Formerly  long  leggings  reaching  over  the  knees, 
and  made  of  half-tanned  leather,  were  used.  They  appear  not  to  have  been 
considered  comfortable,  and  were  discarded  alxiut  sixty  years  ago.  Short 
gaiters  were  subsequently  used  for  some  time,  but  were  finally  given  up, 
and  for  several  yiniva  nothing  of  the  kind  was  woru.  After  the  Crimean  War 
I/ird  Herbert  introduced  for  the  infantry  short  leather  leggings,  six  inches 
iji  height,  imd  buttoning  on  the  outside.  These  wore  not  of  good  length  or 
shape,  and  have  now  been  superseded  by  leggings  which  come  more  up  to 
the  knee,  and  are  much  more  serviceable. 

In  some  of  the  Frencli  regiments  a  gaiter  of  half-dressed  hide  comes  up  to 
just  below  the  knee  :  short  calico  or  linen  gaiters  are  worn  by  other  corps ; 
a  flap  comes  forward  over  the  instep.  The  calico  gaiters  have  been  much 
praised,  but  they  soon  get  saturated  with  perspiration,  thickened  in  ridges, 
and  sometimes  irritate  tlie  skin.  On  the  other  hand,  leather  gaiters,  if  not 
made  of  good  leather,  lose  their  suppleness,  and  press  on  the  ankles  and 
instep,  A  great  advanUige  of  gaiters  and  leggings  is,  that  at  the  end  of  a 
march  they  cun  be  at  onc«  removed  and  cleaned.  In  India  "  putties  '*  are 
used,  and  ore  found  most  comfortable,  aflbrding  protection  and  support. 
They  are  also  used  by  all  mounted  branches  on  8er\dce. 

Shoes  and  Boois.—ln  the  action  of  walking  the  foot  expands  in  length  and 
breadth ;  in  length  often  as  much  as  i^th,  in  breadth  even  more*  In 
choosing  shoes  this  must  he  attended  to.  The  shoemaker  measures  %vhen 
the  |*erson  is  sitting,  and  as  a  rule  allows  only  ^th  incrctuse  for  walking. 
Ankle  bi.Kits,  weigliiiig  40  to  42  ounces,  are  now  worn  by  the  infantry :  the 
cavalry  have  WelHnj;tons  and  jackboots.  The  jackboots  of  the  life  guoitifl 
weigh  (with  spurs)  100  ounces  avoir.  Shoes  cannot  be  worn  without  gaiters. 
Ankle  boots  are  preferable  ;  in  the  English  Army  they  are  now  made  to  laoe, 
and  are  titted  with  a  good  toDgue.  Great  attention  is  now  paid  at  Pimlico 
to  the  shape  and  make  of  the  lioot,  and  the  principles  laid  down  by  Camp^er, 
Meyer,  and  others,  are  carefully  attended  Ux  There  are  eight  sizes  of  lengtli 
and  four  of  breadth,  making  thirty-two  sizes  in  all.  The  Iwots  are  made 
right  and  left  The  heel  is  mjule  Vi'ry  low  and  broad,  so  tlmt  the  weight  is 
not  thrown  on  the  toes,  the  gastro<:neiDii  and  solei  can  act,  which  they 
c  annot  do  well  with  a  high  heel,  ^ind  there  is  a  good  base  for  the  column 
which  forms  the  line  from  the  centre  of  gravity,  and  the  centre  of  gravity  is 
kefit  low  ;  the  inner  line  of  the  boot  is  made  straight^  so  as  not  to  push  oui- 
waixla  the  great  too  in  the  least  degree,  and  there  is  a  bulging  over  the  root 
of  the  great  toe  to  allow  easy  play  for  the  large  joint.  Across  tlic  tread  and 
toes  the  foot  is  made  very  broad,  so  that  the  lateral  expansion  may  not  bo 
impeded  ;  the  toes  are  broad.  Great  care  is  taken  in  the  inspection  of  the 
boots,  the  ortler  of  inspection  being — 1»/,  the  proi^if  of  the  size,  which  is  done 
by  standard  measure  j  2iv/,  the  excellence  of  the  k^atlle^,  which  is  judged  of 
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hy  iiispection  of  each  boot,  and  by  selecting  a  certain  number  from  eacli  IcH' 
funiished  hy  a  contractor,  and  cutting  them  up ;  if  anji^hing  "WTong  is  fotmd, 
the  whok^  lot  is  rejected ;  ^rd^  the  goodness  of  the  sewing ;  there  must  V*  a 
certain  number  of  stitches  per  inch  (not  less  than  eight  for  the  upper 
leathers),  a  certain  thickness  of  thread,  and  tlie  tliread  must  be  well  waxed 
The  giving  up  of  boots  is  generally  owing  to  the  slioe maker  using  a  large  awl 
and  thin  un waxed  thread,  witli  ns  few  stitehes  as  possible  ;  the  work  is  Urns 
easier  to  him,  but  the  thread  soon  rots. 

The  Germans  have  introduced  a  long  boot,  witli  a  sHt  dovm  the  centn? ; 
it  can  lie  worn  under  the  trousers^  or  at  pleasure  outside,  as  the  split  opens, 
aud  can  then  l»e  laced*  A  somewhat  similar  hoot  was  invented  b^'  the  late 
J^Iajor  Sir  W.  Palliser. 

Considering  the  great  injury  inflicted  on  the  foot  by  tiglit  and  ill-made 
hoots,  hy  which  the  toea  are  often  distorted  and  made  to  override,  and  tlie 
great  toe  is  even  dislocated  and  ankylo.scd,  it  is  jilain  that  the  increased 
attention  lately  excited  on  this  point  m  not  uimecessary.  The  compressioai 
of  children's  feet  hy  the  tiglit  leather  shoes  now  made  is  extremely  cruel 
and  injurious.  It  may,  indeed,  he  asserted  that  the  child's  foot  would  be 
better  if  left  altogether  unclothed,  and  certainly  we  see  no  feet  so  well 
modelled  tis  those  of  the  children  of  the  pjoor,  who  run  about  shoeless.  In  the 
case  of  the  soldier,  too,  who  has  in  many  campaigns  been  left  shoeless,  and  has 
greatly  suffered  therefrom,  it  is  a  question  whether  he  should  not  be  trained 
to  go  barefooted.  The  feet  soon  get  hartl  and  callous  to  blows,  and  cleanli* 
ness  is  really  promoted  hy  having  the  feet  uncovered,  and  by  the  frequent 
washings  the  practice  renders  necessary.  After  being  unworn  for  some 
time,  shoes  that  previously  fitted  will  be  found  too  smidl,  on  account  of  tlie 
greater  expansion  of  the  foot,  and  this  is  itself  an  ai^ument  against  the 
shoe  as  comniouly  worn. 

The  sandal  in  all  hot  countries  is  much  better  than  the  shoe,  and  there  i» 
no  reason  why  it  should  not  be  used  in  India  for  the  Enghsh  soldier  as  it  i* 
by  the  native  ;  the  fcM>t  is  cooler,  and  will  Ijc  more  fretiuently  washed.  For 
all  native  troops,  negroes,  *!tc.,  the  simdal  should  he  used,  and  the  tux^t 
altogether  avoiiled.  In  campaigns  it  is  most  important  to  have  large  stor 
of  hoots  at  vaiious  points,  so  that  fresh  boots  may  be  frequently  issued 
worn  ones  sent  back  for  reimir.  Soldiers  ought  to  be  trained  to  repair  the 
own  boots.  ^ 

Greatcoat  afid  Cloak, — In  the  cavalry,  cloaks,  with  capes  which  c^ui 
detached,  are  carried.  They  are  large,  so  as  to  cover  a  good  deal  of 
horse,  and  are  made  of  good  cloth  ;  the  weight  is  about  5  Bb  to  6  Bb  for 
cloak,  and  2h  lb  to  3  t>  for  the  caj>e.  The  infantry  wear  greatcoats?  weigh- 
ing from  5  lb  to  6  Bb.-  They  are  now  made  of  extremely  good  cloth,  aw 
doTihle-breasted,  and  are  as  long  as  can  he  managed.  They  are  not  provide 
with  pockets  at  the  back,  which  is  a  serious  omission,  and  they  also  shouk 
have  loops,  so  that  the  flaps  may  be  turned  back  if  desired.     They  are 


1  It  may  be  worth  while  to  pve  a  retjeipt  for  making  boots  impermeable  to  wet    Dr  PtikM 
tried  the  following  and  found  it  effectual  :^Tttke  half  a  pound  of  ahoeniaker's  dubbing,  f""  " 
pint  of  Hnse&il  oil,  half  a  pint  of  solution  of  tndia-ntbliGr  (pricti  3.h.  per  gallon),     Di»o|g| 
gentle  heat  (it  is  very  iaflamnmble),  and  nib  on  the  booU.    This  will  last  for  five  i 
months  ;  hut  it  U  well  to  renew  it  every  three  months.    At  a  small  expense  the 
whole  reginiiint  could  be  thus  made  impemieahle  to  weU    Army  Cireuiar^  claos^  $6^  16. 
directs— {1)  That  hoots  are  to  be  blackened  with  three  coats  of  ordinary  blacking,  ?tt*t<ia4  i 
oth^r  subfltaDceo.    (2)  Bootfi  or  shoes  in  stare  are  to  be  dubbed,  or  hare  neat's-foot  oil  ap 
to  upiN3f»,  at  least  once  in  foar  months* 

*  Tbe  following  are  the  exact  weights  of  three— one  large  sheo,  one  medium,  and  one  i 
the  weights  were  6  tb  3  ounces,  5  lb  9  ounctii»,  and  5  tb  8  otmceiS^    Lord  Wolselejr  giTes 
Weights  as  4  lb  12  cmnoes  for  the  coat,  and  1  tb  5  oimc«s  for  the  oape. 
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heavy,  and  absorb  a  great  doal  of  wet,  so  that  they  dry  slowly.  General 
Eyre's  Committee  on  fi^iiipmcnts  recomraended  a  lighter  greatc()at,  and  in 
addition  a  good  waterproof  cape.  The  suggestion  seems  to  be  a  very  good 
one.^  A  hood  might  also  he  added  with  advantage.  In  countries  with  cold 
winds  they  are  a  great  comfort.  Or  the  Russian  bashlik  might  bo  introduced ; 
it  ia  a  most  useful  covering  for  c<ild  and  windy  countries. 

The  greatcoat  is  perhapvs  the  most  important  article  of  dress  for  the  soldier. 
With  a  good  greatcoat,  Rol>ert  Jackson  thought  it  might  be  fM3a8ible  to  do 
away  with  the  blanket  in  war,  and  if  india-rubber  sheets  were  usetl  this  k 
perliaps  possible.  In  the  Italian  War  of  1859  the  French  troops  left  their 
tunics  at  home,  and  campaigned  in  their  greatcoats,  which  were  worn  open 
on  the  march.  2 

In  countrie^s  liable  to  great  vicissitudes  of  temperature,  and  to  sudden  cold 
winds,  as  the  hilly  jmrts  of  Greece,  Turkey,  Afghanistan^  <fec.,  a  loose,  warm 
cloak,  which  can  be  worn  open  or  folded,  is  used  by  the  inhabitants,  and 
should  he  imitated  in  campaigns.  It  is  worthy  of  remark,  that  in  most  of 
tliese  countries,  though  the  sun  may  be  extremely  hot,  the  clothes  are  very 
warm. 

In  very  cold  countries,  8heef)skin  and  buffalo-hide  coats,  especially  the  ^ 
former,  are  very  useful.  No  wind  can  blow  through  them  }  in  the  coldest 
night  of  their  rigorous  winter  the  Anatolian  shepherds  lie  out  in  their  shee^v 
skin  coat  and  hood  without  injnry,  though  improtectcd  men  are  frozen  to  ] 
death.  In  Bulgaria,  the  Crimea,  and  other  countries  exposed  to  the  pitiless 
winds  from  Siberia  and  the  steppes  of  Tartary,  nothing  can  be  better  than 
coats  like  these.^ 
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WEIGHTS  OF  THE  ARTICLES  OF  DRESS  AND  OF  THE  ACCOFTRE- 
MENTS,  AND  ON  THE  MODES  OF  CAERYING  THE  WEIGHTS. 

The  following  tables  give  the  weights  of  uU  tlie  articles  used  by  a 
light  cavalry  regiment,  and  the  infantry  of  the  line.  The  weights 
carried  by  the  artillery  are  much  the  Banie  as  those  of  the  cavalry.  The 
weights  of  the  helmets  and  jackboots  of  the  life  and  horse  guartls  have 
been  already  mentioned.  The  cuiniss  weighs  10  %  12  oz.;  it  rests  a  little 
on  the  sacrum  and  hip,  tuid  in  tlxat  way  is  more  easily  borne  by  the  mtm* 
With  these  exceptions,  the  weights  may  be  considered  nearly  the  same 
those  of  the  heavy  dragoons. 

Cavalry, 

The  weight  of  the  accoutrements  and  equipment  is  in  great  part  carried 
by  the  horse.     The  cloak,   when  not  worn,  is  carried  in  a  roll  over  ^^ 
shoulder,  or  sometimes  roiuid  the  neck,  or  in  front  on  the  horse. 

1  Para.  451,  sect  liii. »  BrfptlntirmJi/or  Clothing,  1887»  direota  the  Usne  of  n  wdterproof  coat, 
l«Ki!ig9,  ^THpi^ers,  »ou*wr  A:<;,»  for  certain  duties.  .       ,  .j 

a  Ciotli  niAV  be  made  ^^  \  the  following  flimpl©  plaoi :— Mako  a  waak  aolutioii 

due  and  whil»*  it  is  hot  u..  _: lii  the  proportion  of  one  ounce  to  two  quartsi ;  aaaooni 

tliw  ttUiiij  i«  dLssolvcd,  luid  while  the  solution  is  hot,  brush  it  well  over  the  stirfaee  of  the  cloU 
luid  thtju  flrv.     It  ifl  Maid  that  the  addition  of  two  rlrachma  of  aulphatc  of  copper  in  i 
imrirovementr    Uilkr  deacribea  a  useful  method  of  waterproofing  porouH  maUmb,  a«  cloaki, 
&c.,  by  dipping  them  alternately  in  *  »olutlori  of  sulphate  or  acetate  of  almaiiia  and  of 

***>^Sheepi*kin  bo^,  with  the  wool  inside,  wore  much  UMd  by  the  French  troops  doriug  Uw 
ilcfoaoe  of  Pans,  m  the  winter  of  1870-71. 
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The  following  weights  for  lighi  cavalry  will  serve  to  indicate  what  a  hone 
has  to  carry  on  active  service  ^ : — 

Cavalry. 
Table  of  Approximate  Weights  Carried  by  a  Horse  in  the  FielcL 

The  rider  (saj^), 10 

Clothes  on  nder,  viz.,  flannel  shirt,  drawers,  socks,  braces,  head-dress, 
tunic,  pantaJoons,  boots,  spurs,  gloves,  and  flannel  belt, 

Arms,  &c..  Delta  and  sword, 

Carbine, 

Ammunition,  SO  rounds, 

Saddlery,  viz.,  saddle  and  bridle  complete,  breastplate,  wallets,  shoe 
cases,  numnah,  head  rope  and  carbine  bucket,       .... 

Small  blanket  under  saddle, 

Kit  of  rider,  viz. ,  clothes  brush,  stable  sponge,  oil-bottle,  pot  of  grease, 
horse-rubber,  pocket-ledger,  field-dressing,  horse-brush,  curry- 
comb, flannel  snirt,  drawers,  socks,  towel  and  piece  of  soap,  hold- 
all with  needles  and  thread,  kit  scissors,  fork,  spoon/  comb,  and 
forage  cap, 

One  day's  reserve  rations  (sausage)  say, 

Cloak  and  waterproof  sheet, 

Mess-tin  and  strap, 

Haversack,  water-bottle,  and  pocket-knife, 

Hoof-picker,  nose-bag,  picket-peg,  heel-rope,  and  shackle,    . 

Hay  net,  corn-sack, 

A  fore  and  hind  shoe  with  nails, 

Balance  of  man's  rations,  kc,  (say), 

Balance  of  horse's  forage,  kc  (say),      ....... 

Mallet  (when  carried), 

Total,     . 

Infantry. 

The  articles  of  the  infantry  soldier's  kit  have  been  abeady  noted.  The 
kit  is  divided  into  the  service  and  the  surplus  kit,  the  latter  being  always 
carried  for,  and  not  by,  the  man.  The  service  kit  consists  of  the  clothes  he 
wears,  and  of  some  duplicate  articles  and  other  necessaries. 

The  following  are  the  weights  of  the  1888  valise  equipment  in  difterent 
"  Marching  Orders  "  : — 

1.  Service  Marching  Order. 

tt»       or. 

1  Valise, 1       8^ 

1  Pair  of  braces  and  chapes, 0     13  J 

1  Waist-belt, 0     12^ 

2  Pouches, 13 

1  Haversack, 0       9J 

1  Mess- tin,  cover,  and  strap, Ill 

1  Water-bottle  and  carrier,  10 

2  Coat  straps, 0       5 

1  Frog  for  side-arm, 0      3J 

1  Greatcoat, 4      6 

1  Cape, 2      0 

1  Rifle  and  sling  (magazine), 9      8 

1  Bayonet  and  scabbard, 11 

1  Magazine  pouch, 0       4 

1  Spade, 2      9J 

Total,     .        .        .      27    15J 


1 

1  11 

0 

7    0 

0 

7     7 

0 

4     8 

2 

9  11 

0 

2     0 

0 

7    6 

0 

0  12 

0 

9     8 

0 

1     4 

0 

1  12 

0 

4     1 

0 

3  12 

0 

1  144 

0 

1     0 

0 

6     0 

0 

2     0 

18 

5    H 

Wolseley,  Soldier's  Pocket-Book,  p.  1& 


WEIGHTS  OP  DRESS  AND  ACCOUTBEMENTS.  553 

Home  Marcking  Order, 

lb  oz. 

2  Pouches, 18 

Haversack, 0  9i 

Water-bottle  and  carrier, .10 

Greatcoat  and  cape,  with  slings, 6  11 

Mess- tin,  cover,  and  strap, 1  11 

Valise, 1  8i 

Pair  of  braces  and  chapes, 0  18^ 

Rifle  and  sling, 9  8 

Bayonet,  scabbard  and  frog, 1  ^i 

Waist-belt, 0  12i 


Total, 


3.  Light  Service  Order. 


Same  as  service  marching  order. 
Bat  without  vaUse,  braces,  and  chapes. 


Add  waterproof  sheet, 

Total, 

Additional  Weight  carried  on  Service. 

Field  kit, 

Rations, 

Water  (in  bottle), 

Ammunition  (magazine), 

Watei  proof  sheet, 

Total, 


26 

14 

lb 

oz. 

27 

16J 

2 

6 

25 

9J 

4 

4 

29 

18i 

lb 

OZ. 

5 

6 

2 

0 

1 

8 

6 

4 

4 

4 

19 

d 

In  time  of  war  it  is  most  important  to  have  the  soldier  as  little  weighted 
as  possible.  The  long  and  rapid  marches  which  have  so  often  decided  wars 
have  never  been  made  by  heavily-laden  men.  The  health  also  suflfers.  It 
is  of  national  importance  that  the  soldier  should  be  as  healthy  and  as 
efficient  as  possible,  as  the  fate  of  a  nation  may  be  staked  on  the  prowess  of 
its  army. 

The  line  which  the  weight  of  his  necessaries  should  not  exceed  should  be 
drawn  with  the  utmost  care ;  if  his  health  suffers  more  by  carrying  some 
extra  pounds  of  weight  than  it  benefits  by  the  comfort  the  articles  give, 
why  load  him  to  his  certain  loss  %  The  overdoing  the  necessaries  of  the 
soldier  has  always  been  a  fault  in  our  army;  Robert  Jackson  noticed  it 
seventy  years  ago.  "  It  is  a  mistake,"  he  says,  "  to  multiply  the  equipment 
of  the  soldier  with  a  view  of  adding  to  his  comfort." 

It  is  of  great  moment  to  give  each  man  a  bag  for  surplus  kit  to  himself. 
It  encourages  the  men  to  ta^e  care  of  their  things,  and  enables  them  to  pack 
them  comfortably.     Each  man  is  now  supplied  with  a  kit-bag. 

It  may  be  interesting  to  give  the  weights  t)f  the  various  articles  carried  by 
the  infantry  soldier  of  the  French,  Grerman,  and  Russian  armies. 

Morache^  gives  the  total  wei^t  of  the  French  infantry  soldier's  war  out- 
fit and  equipment  as  something  over  30  kilogrammes,  or  nearly  67  lb.  This 
(1885)  is  rather  less  than  it  was  formerly. 

»  Op.eU. 
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The  German  infantry  soldier  carriea  the  following  weights:^ — 


Clothing  on  the  person  (with  gloves),  not  indndiog  helmut, 


ft*  ox. 

23  8 

Armament  and  equipment  (including  helmet,  water-bottle  (full), 

coff«e-mill,  mid  trenching  took),         ....         .         42  8 

Sundries,      .         »        . 1  13 

Eationsi 5  12 


Total, 


73       d 


Some  of  the  articles  are  not  always  earned  by  the  same  man,  such  as  the 
hatchet,  spade,  and  coffee-mill^  so  that  the  weight  may  he  lessened  to  66  lb 
^ — average  weight  carried,  66  fb  to  71  R>.  The  shako  of  the  riflemen  imd 
sharpshooters  i^  ahouit  3  j  oz.  lighter  than  the  infantry  helmet.  The  lillti 
weighs  10  lb  ami  the  bayonet  1  !b  8|  oz. 

The  Russian  soldier  carric^^-equipment  66J  tt),  84  roundi?  ammunition* 
weighing  5|  Dj,  and  2  J  days^  hisenit  and  salt,  say  2|  lb  in  all — about  74  lb  cm 
the  person :-  the  Austrian  60  tt>,  amd  the  Italian  75  It ;  the  mean  of  Euio- 
penn  armies  benig  66  lb, 

SECTION  YI. 
CAERIAGE  OF  THE  NECESSARIES  AND  ARMA^IENT, 


The  equipment  of  the  cavalry  soldier  is  in  great  piyt  carried  by  the  horse ; 
hut  apfiarently  the  mode  in  which  the  caviLlr%'  valise  is  arranged  is  not  com- 
fortable t43  the  men.  The  total  weight  carried  by  the  horse  ap|iears  also  in 
be  large.  A  soldier  has  pcrsoiinl  and  horse  equipments  eqtial  to  nearly  his 
own  weight.  Without  pronouncing  on  the  necessity  of  this>  it  is  a  fact  that 
in  light-cavalry  regiments  the  horse  now  carrier  nearly  19  stone  weighti 
although  tlie  rider  is  on  an  average  under  10  stone. 

In  the  case  of  the  infantry  soblier,  who  carries  the  weights  himself,  the 
greatest  c^ire  is  necessary  to  place  them  in  the  manner  least  likely  to  iletmct 
from  his  efficiency  or  to  injure  his  healths  If  it  were  possible  to  let  a  man, 
in  European  countries,  carry  nothing  but  liis  armament  and  water-bottle,  as 
in  India,  much  more  work  would  he  got  out  of  hira,  longer  marches  would 
be  made,  and  he  would  show  greater  endurance  on  the  day  of  action.  But 
such  an  arrangement  is  impossible,  as  transport  could  not  be  proWded,  and 
the  altcruative  of  leaving  a  man  witliout  his  necessaries  is  not  to  be  thought 
of.  But  it  cannot  be  too  strongly  impressed  on  all  commanding  officers  that 
every  ounce  of  weight  saved  is  a  gain  in  efficiency.  The  Prussianfs  in  the 
war  of  1866,  ohtairjed  waggons  whenever  they  couKl  to  carry  the  knapsacks 
and  the  comparison  between  the  condition  of  the  men  thus  relieved  and 
those  who  could  not  be  so,  was  striking.^  A  change  of  opinion  also  must  be 
brought  about  in  the  army  on  a  very  materitd  point.  Some  officers  Ijelieve 
that,  as  the  men  must  carry  weights  in  war,  they  ought  to  carr}^  them  on  all 
occasions  during  peace,  so  that  the  men  may  be  accustomed  to  tham  ;  and 

i  Frolieb,  Op,  ci/.,  p.  310.  Some  modltcation,<(  have  taken  place  m  thit  eqnipmeiity  ia  tilt 
direction  of  better  arrangement  nnd  lejw^ned  weight  (1888). 

3  Handbook  of  ike  Rtwtian  Amij/^  by  Major  Wolfe  Murray,  1889. 

»  See  Mr  Bos'tock'a  able  report  iii  the  Army  Medical  Reports,  tqL  vii,  p.  869. 

Ih-  Parkes  quotes  a  letter  itoui  a  PrussiAu  officer^  high  in  r&nk«  and  certain  to  know  tlie  fiOti 
stating  that  the  difference  in  the  health  of  the  Prussian  soldiers  who  carried  the  knapidkckB 
in  the  Bohemian  march&s  in  1866,  and  those  who  did  not,  was  remarkable.  The  men  who  had 
not  carried  their  pawkK^  though  they  had  not  hail  the  comfort  of  their  necr  "•-■  -  -Tns  ftatli 
and  vigorous  and  in  high  spirits  ;  those  who  had  carrieil  them,,  on  the  otl^  :  v  ooia- 

pamtiTdy  worn  and  QimauM ted.     And  this  was  with  the  best  military' knap--;  ^uow^ 
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tber  attempt  to  strengtbtni  their  position  by  referring  to  the  custom  of  the 
Romans,  who  exercised  their  men  in  peace  with  heavier  weapons  than  those 
iiBed  in  war.  But  this  example  is  not  applicable.  A  man  should  be  exer- 
cised in  the  highest  degree  in  any  way  winch  may  develop  his  muscles  and 
improve  the  circulation  tlirongh  Ids  Innga  and  heart.  Any  amoiint  of  mus- 
cular exertion  (within,  of  course,  reasonable  limits),  any  degree  of  practice 
with  weaiwns^  must  he  good  as  long  as  his  body  is  unshackled  ;  but  tf  he  is 
loaded  with  weights,  and  especially  if  the  carriage  of  the  weights  at  all 
impedes  the  action  of  the  lungs  and  he^rt,  then  the  very  exertion  whirh  in 
other  circumstances  would  benefit  him  must  do  him  harm.  The  soldier 
mijst  carry  weights  sometime^s,  but  it  sl^ould  be  a  rule  not  to  carry  them 
when  he  has  no  immediate  need  of  tlie  various  articles.  The  aim  should 
be  the  cultivation  of  the  breathing  power  of  his  lungs  and  the  fjower  of  his 
muscles  to  an  extent  which  will  enable  him  to  bear  his  weights,  at  those 
times  when  he  must  carry  them,  more  easily  than  if,  on  a  false  notion  of 
accustoming  him  to  them,  he  had  been  obhged  to  wear  them  on  all  possible 
occasions. 

Sufficient  practice  with  the  weights  to  enable  a  man  to  dispose  them  com- 
fortably,  and  to  make  him  fanviliar  with  them,  should  of  course  be  given  j 
but  a  very  short  teaching  will  suffice  fur  this. 

The  weights  which  an  infantry  soldier  has  to  csirry  have  already  been 
stated  ;  the  mode  of  disf>osing  of  them  hsis  now  to  be  considered. 

Weights  are  most  easily  borne  when  the  following  point*  are  attended 
to:— 

L  They  must  He  as  near  the  centre  of  gravity  as  possible.  In  the  upright 
position  the  centre  of  gravity  is  Itetween  the  pelvis  and  the  centre  of  the 
body,  usually  midway  Ix'tween  the  lunhilicus  and  pubis,  but  varying  of  course 
with  the  pasition  of  the  body  ;  a  line  prolonged  to  the  ground  passes  through 
the  astral  gal  us  just  in  front  of  tbe  os  calcis.  Hence  weights  carried  on  the 
head  or  t«>p  of  the  shoulder,  or  which  can  be  throAvn  towards  the  centre  of 
t!ie  hip  Ijones,  are  carried  most  easily,  being  directly  over  the  line  of  the  centre 
of  gravity.  When  a  weight  is  carried  away  from  this  line  the  centre  of  gravity 
is  displaced,  and,  in  proportion  to  the  added  weight,  occupies  a  point  more 
or  less  distant  from  the  usual  side,  until,  perha|>s,  it  is  so  far  removed  from 
this  that  a  line  prok^nged  downwards  falls  beyond  the  feet ;  the  man  then 
falls,  unless,  by  Ixuiding  his  body  and  bringing  the  added  weight  nearer  the 
centre,  he  keep  the  lino  well  within  the  space  which  his  feet  cover. 

In  the  distribution  of  weights,  then,  the  first  rule  is  U.\  keep  the  weight 
nearer  to  the  centre  ;  hence  the  old  mode  of  carrying  the  soldier's  greatcoat, 
\iz.^  on  the  back  of  the  knaj^sack,  is  a  mistake,  as  it  puts  on  weight  at  the 
greatest  p<^ssible  distiuico  from  the  centre  of  gravity, 

2.  The  weights  must  in  no  case  compress  the  hmgs,  or  in  any  way  interfere 
^irith  the  respiratory  movements,  or  the  elimination  of  carbon  dioxid«  or 
hinder  the  transmission  of  blood  through  the  lunge,  or  render  diflFicult  the 
action  of  the  heart. 

3.  No  imfjortaut  muscles,  vessels,  or  nerves  should  he  pressed  upom  This 
is  self-evident ;  an  example  may  be  taken  from  the  old  Regulation  pack,  the 
arm-straps  of  which  so  pressed  on  the  axillary  nerves  and  veins  as  to  cause 
numbness,  and  often  swelling  of  the  hands,  which  has  been  known  to  last 
for  twenty-five  liours, 

4.  The  weights  should  be  distributed  as  much  as  possible  over  sevend 
jmrte  of  the  body. 

If  w^e  consiiler  the  means  made  use  of  Vjy  those  who  cany  great  weighta, 
we  find  the  fuiluwing  [X)ints  selected  for  bearing  them : — 
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1.  The  top  of  the  head.  The  cause  of  this  is  obvious  ;  the  weight  is  cx*m 
pletely  in  the  line  of  centre  of  gmvity,  ant!  in  raovenient  is  kept  ]>alaiiL't'a 
over  it*  Of  course,  however,  very  great  weights  cannot  be  carried  in  this 
way. 

2.  The  tops  of  the  scapulas^  juHt  over  the  .siipm-spinoua  fossa  and  ri 
At  this  point  the  weight  is  well  over  the  centre  of  gravity,  and  it  is 
diffused  over  n  large  surface  of  the  rihs  by  tlie  ]>ressure  on  the  scapula, 

3.  The  liip  bones  and  sacrum.  Here,  also,  the  weight  is  near  the  centre 
of  graAaty,  and  is  borne  by  the  strong  bony  arch  of  the  hips,  the  strongest 
part  of  the  bwly.^ 

In  addition,  great  use  is  always  made  by  those  who  carry  great  weights  of 
the  system  of  l3alance.  The  packman  of  England  used  to  carry  from  40  tn 
even  60  H)  easily  thirty  miles  a  day  by  taking  the  top  of  the  scapula  for  the 
iixed  point,  and  liaving  lialf  the  weight  in  front  of  the  chest  and  half  behind. 
In  this  way  ho  still  brought  the  weight  over  tlie  eentre  of  gravity.  The 
same  iK>int,  and  an  analogous  system  of  balance,  is  used  by  the  milkmai 
who  can  carry  more  weight  for  a  greiiter  distance  than  the  strongest  guar* 
mail  equipped  witli  the  old  military  accoutrements  and  jmcL 

These   points  must  guide  us  in   arranging  the  \vcights  carried   by 
soldier.     The  weight  on  the  head  is,  of  course,  out  of  t!ie  question, 
have,  then,  the  scapulffi,  the  hip,  and  the  principle  of  balance  to  take  in 
consideration. 

In  our  arm^  the  Cnaniage  of  the  kit  and  ammunition  has  always  been  fd 
to  be  a  difficulty,  aiid  many  have  been  the  changes  in  the  infantry  kna 
sacks  since  the  close  of  the  Peninsular  War.  The  method  of  carriage  whir 
was  formerly  in  use,  though  better  than  some  of  the  older  plans,  had  grav 
defects,  and  it  has  now  been  superseded  by  the  new  equipment^ 

The  infantry  equiiiment,  i>roposed  by  a  War  Othce  Committee  appoin 
by  L<:»rd  rle  (Irey  in  1864,  and  of  which  General  flenry  Eyre  was  the  p: 
dent,  was  devised  for  the  puriMise  of  enabling  the  infantry  soldier  to 
his  weights  with  greater  comfort  (and,  therefore,  to  enable  him  to 
farther),  and  especially  U^  do  away  \sath  any  chance  of  injuring  lus  h 
and  lungs. "^     Tliis  committee  pre^sented  four  reports  to  the  War  Office.* 

Cmisidemhle  difficulty  w*as  foimd  in  fixing  on  the  best  equipraenL 
addition  to  all  the  points  already  noted,  simplicity  and  durability,  and 
much  freedom  from  accidental  bn^akago  as  could  be  insured,  were  essential ; 
facility  of  removal  and  n^adjustment  for  emergencies,  adaptation  for  various 
conditions  of  service,  and  suitableness  for  militiiry  exercises,  had  all  to  be 
considered.    After  passing  in  review  all  the  known  plans,  and  experimentiAg 
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1  Tbe  girli)  eneagiMl  ia  Homo  of  tb«  works  in  ComwaU  carrv  itiimeniw  bagx  or  iMmpsn 
of  flond  up  »te<eLt  hill  a  by  renting  the  lower  purl  of  the  sack  oa  toe  hip  and  Micmm,  And  the 
upiKiT  ijart  on  the  scfipiila.  It  is  the  same  podtion  m  that  taken  by  the  Torkiah  porten,  who 
wul  carry  600  aiul  800  It>  Korue  distance  ;  they  also  jtonietinies  have  a  band  rotmd  the  forehead 
fkntoned  to  the  top  of  the  weight. 

'  In  the  former  editioun  de*cTiptioas  were  ^j^iven  of  the  obnolete  Reg^ulation  eqnipmeoti  and 
of  variouii  other  plaiiis.     But  it  hiks  b^eii  thought  unuece^^iMary  to  repeat  the*e. 

*  In  the  chapter  on  Home  Service  are  given  the  facta  about  the  amount  of  heart  and  rt»d 
diaeajse  in  the  anriy.     It  UKcd  to  be  very  \ar^  and  at)|>eiu'ed  to  be  attributable,  in  pnH  ^t  anv 
mtei,  to  exercise  under  uufavonrable  conditiona.     It  wm  not  confined  to  the  ii^ 
waa  cotnnion  to  all  brancheiif  and  the  diavase  of  the  Teasels  was  even  greater  i 
the  cavalry  and  artillerj'-     P^feasor  Maclean,  C.B.,  called  the  attention  of    " 
to  this  matter  in  a  striking  lecture  delivered  at  the  Royal  United  Service 
pubiished  in  the  Joumaio/ihe  Inalitution.  voL  viii.^  and  froiu  which  extxn 
fonuor  editions.     The  aniiy  is  greatly  indebted  to  Dr  Maclean  for  hiK  clear  r  n  tin-^ 

point.     The  first  Report  qftke  Committee  on  Kiia^sacks  contAins  the  oiden'  -.ite. 

^  ReporU  qf  the.  Comimiiee  t^poinidd  to  in^tre  into  the  E^ftci  vn  Hmkn  vr  uie  jprtmM 
Su9Um  9f  ^^rrffififf  th$  Aeoout^^niimU,  Ammunition^  and  Kit  qf  Infimitif  SMrnn;  JFini 
MtJBori,  18d5  ;  Second  Bepoti,  1867  ;  Third  and  Fimrih  Beportg,  1868. 
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Oil  a  large  scale,  tlie  committee  at  last  recoaimended  a  plan  which,  after 
an  extended  trial  in  many  regimfntR,  and  being  snbniitted  to  the  opinions 
of  many  officers,  was  authorised  and  issued  in  place  of  the  old  pattern. 

This  equipment  was  essentiallj  based  oa  the  yoke  valise  plan  of  the  late 
Colonel  Hw  Tliomas  Troubridge,  C-B.,  who  had  been  for  many  years  experi- 
menting on  this  subject ;  ^  but  it  was  greatly  altered  in  details.  The  two 
great  principles  were  to  use  the  scajitdfle  and  the  sacrum  in  about  equal  pro- 
l>ortion  ns  carriers  of  the  weight,  and  to  place  the  weights  as  near  ti>  the 
body  as  possible,  and,  as  far  as  coidd  he  done,  in  front  as  well  as  behind,  so 
as  to  avoid  the  displacement  of  the  centre  of  gravity.  Tlie  great  advantage 
of  using  the  sacnim  as  one  of  the  points  of  support  has  l>een  very  apparent 
in  the  trials  of  the  valise  plan.  In  that  way  only  can  the  chest  be  thoroughly 
relieved  ;  a  very  great  weight  can  Ije  carried  without  injury  if  it  is  necessary, 
and  apart  from  that  a  mechanical  advantage  of  no  small  moment  has  been 
obtained.  For  the  effect  of  placing  the  kit  and  ammunition  low  down  is  to 
free  the  large  muscles  of  the  shoulder  and  hack  from  the  impediment  which 
hinders  their  action  when  a  knapsack  of  any  kind  is  carried  in  its  usual 
place;  the  bayonet  exercise  can  therefore  be  much  l>etter  performe<i ;  but, 
more  than  this,  the  soldier  engaged  in  a  personal  struggle  is  in  far  better 
jjosition  than  with  a  heavy  knajfsack  on  the  upper  part  of  the  Ixick ;  for,  in 
the  latter  case,  the  centre  of  gravity  being  displaced  (raised  and  carried 
backwards),  the  man  has  already  a  tendency  to  fall  back,  which  tells  seriously 
against  him.  In  Geneml  Eyre  s  equipment,  on  tlie  contrary^  the  great  weights 
be  ing  all  below  the  centre  of  gravity,  rather  tended  to  keep  a  man  steadier 
ami  hrmer  on  his  legs  than  otherwise* 

In  order  to  gain  tliese  advantages,  and  also  to  lessen  the  weight  of  the 
equipment,  the  framed  knapsack  was  abandoned,  and  a  bag  or  valise  sub- 
stituted, which  was  large  enougli  to  carry  the  ser^^co  kit  and  some  pro- 
visions. The  total  weight  of  the  whole  equipment,  as  intended  for  active 
service  was  5  lb  8  oz. 

This  equipment  was  very  easy,  and  left  the  chest  perfectly  free ;  it  was 
simple  both  in  principle  and  eonatruetjon,  and  ixfForded  many  facilities  for 
carriage  of  articles,  such  as  the  haversack,  the  water-bottle,  blanket,  &c., 
which  prove  useful  on  service. 

The  f  trine iple  of  the  \'alise  equipment  will  probably  always  be  maintained, 
although  some  details  may  be  altered, 

Tlie  new  value  equipment  (pattern  1888)  possesses  the  following  advan- 
tages over  those  formerly  issued  : — 

1.  It  is  lighter  and  less  comptlicated.  2.  In  a  few  seconds  the  soldier  can 
change  from  ** marching^'  to  "service^'  orrler  by  merely  detaching  the  valise 
from  the  remainder  of  the  equipment.  3.  The  fK^uchos  are  so  constructed 
tliat  wliilst  the  ammunition  can  easily  be  got  at,  liability  to  loss  is  provided 
against  4.  Greater  freedom  of  action  is  allowed,  aa  the  stiaps  under  the 
arms  are  dispensed  with.     5.  The  cost  is  less. 

The  valise  holds  the  following  articles: — Emergency  ration;  towel  and 
soap  ;  clothes  brush  ;  hold-aU,  complete  ;  housewife,  fitted  ;  pocket- leilger ; 
one  {Jair  spare  hoot  laces ;  worsted  cap ;  shirt,  or  boots,  or  trousers,  as  ordered  ; 
one  i>air  of  socks ;  canvas  shoes ;  cape  (c4irri(*<i  under  flap). 

It  is  made  of  japanned  canvas  and  is  carried  on  the  back  of  the  shoulders, 
and  it  is  sa  arranged  that  it  adapts  it^self  to  the  width  of  the  soldier's  shoulders. 

The  ammimition  is  carried   in   two   pouches ;    the  right  hand  is  the 

1  Sir  T.  Tronbri<3gt''**  wjuipruent  wlU  be  found  iie»cribcd  and  figur»il  in  tho  Sad  «ditioti  of 
ibis  work.     He  had  iimdc  cip«rimetit«  on  this  subject  for  more  than  fUteeu  jreus. 
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"exjK'nse"  pouch  containiug  thirty  rounds,  the  left  being  the 
holding  forty  rounds* 

The  mess-tin  is  carried  on  the  top  of  the  great  coat  or  under  th© 
when  this  is  carried  on  the  shoulders,  or  it  may  be  fastened  to  the  walstr-l 
in  euch  case  it  can  be  detached  \\'ithout  interfering  with  the  rest  of 
equipment. 

The  great  fe-ature  in  this  oqtujjment  is  that  each  article  can  be  token 
sepanvtely  without  interferiuff  \7ith  the  rest  of  the  equipment,  and  siniila 
changes  from  one  **  order  of  dres^,"  to  another  can  also  he  effected  with  gr 
speed,  whikt  the  ivhole  can  he  put  on  or  taken  off  in  a  few  seconds  bv 
soldier  without  any  extraneous  assistance. 


SECTION  YII. 
WORK  OF  THE  SOLBIKR. 


The  kind  and  amount  of  work  in  the  different  arms  of  the  sei 
different  that  it  is  iJupoRsible  to  bring  it  under  one  general  description.  In 
the  artillery ,  cleaning  horses,  guns,  carriages,  and  accoutrements,  and  gue 
drill ;  in  the  cavalry^,  cleaning  of  horses,  accoutrements,  and  drill  with  the 
special  arm ;  in  the  infantry,  drill,  aud  barrack  and  fatigue  duties,  and  the 
cleaning  of  arms  and  accoutrementa,  are  all  kinds  of  work,  the  amount  of 
which  it  is  not  easy  to  estimate. 

Mucli  of  the  work  of  the  artillery  and  cavahy  is  highly  beneficial  to 
them,  and  the  fine  we ll-de%' eloped  muscles  show  that  all  parts  of  the  body 
are  properly  exercised.  Bome  of  the  work  (such  as  gun  drill  or  swoti 
exercise)  is  hard,  and  even  \iolent,  and  the  great  amount  of  fmeurysm 
both  bodies  of  men,  as  well  as  in  the  infantry,  has  led  to  the  idea  that  th 
exercise  is  either  too  severe,  or  is  performed  mider  unfavourable  condition 
such  as  heavy  equipments  or  too  tighHitting  clothes.  Although  violeo 
while  it  bists,  it  seems  questionable  whether  the  work  is  so  severe  as  Uia 
which  many  mechanics  ujidcrgo  without  injury ;  it  may,  however,  be  mop 
sudden  and  rapid,  and  the  heart  may  be  brought  into  more  violent  action 
The  conditions  under  which  the  w^ork  is  done  are  certainly  less  favourabli 
than  in  the  case  of  the  mechanic,  who  is  never  embarrassed  by  weights 
tight  clothes. 

In  the  infantry,  the  amount  of  aneurysm  is  slightly  below  that  of  the 
other  arms,  but  not  much  so.     The  hard  work  in  the  infantry  is  the 
drill  when  the  weights  are  carried,  bayonet  exercise,  and  long  marches ;  bu^ 
though  severe,  it  is  not  so  excessive  aa  to  lead  us  to  think  it  would  do  inj^ 
to  strong  men  if  all  circumstances  were  favourable. 

During  war  the  amount  of  labour  mid  ergon  e  is  sometiines  excessive,  aa 
will  he  clear  fvom  what  is  said  in  the  next  section,  and  in  the  rapid  cam- 
paigns of  mwlem  times  very  young  and  weakly  men  are  soon  exhausted. 

A  soldier  requires  tt3  he  trained  for  the  oi^leal  of  active  service,  and  th 
is  now  done  in  c>ur  army  by  a  series  of  gj'mnastic  exercises  and  system atifl 
marches,  intended  to  develop  every  muscle,  to  make  the  artillery  or  tht 
cavalry  man  able  to  vaidt  on  his  horse,  and  the  foot  soldier  Vr*  rim  and 
escala<le,  aud  to  march  great  distances  without  fatigue, 

Gtpnnajitie  EinTi^ett. — All  military  nations  have  used  in  their  armies 
system  of  athletic  exercises.     The  Greeks  commenced  such  exercises  whc 
the  increase  of  cities  had  given  rise  to  a  certtiin  amount  of  sedentary  life 
The  Romans  began  to  use  athletic  training  in  the  early  days  of  Uie  Republic 
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entirely  ivith  a  view  to  military  efficiency.     The  exercises  were  continuous, 
and  were  not  alternated  with  periods  of  complete  idleness. 

The  officers  exercised  with  tlie  men.  At  a  later  day,  we  are  t<)ld  that 
Marius  never  missed  a  single  day  at  the  Campus  Martins,  and  Pompey  is 
said  by  Sallust  to  have  been  able  at  fifty-cighi  years  of  age  to  run,  jump, 
and  carry  a  load  as  well  tis  the  most  robust  soldier  in  his  army* 
,  Swimming  was  especially  taught  }»y  the  Romans,  and  so  essential  were 
igrmnastic  exercises  deemed  that^  to  express  that  a  man  was  completely 
ignorant,  it  was  said  "he  knew  neither  how  to  read  nor  s^im."  The 
gymnastic  exercises  were  the  last  of  the  old  cust<:>ms  which  disappeared 
before  the  increasing  luxury  of  the  latter  empire. 

In  the  feudal  times  the  practice  of  the  weapons  was  the  best  gymnjistic 
exercise  ;  every  peasant  in  England  was  obliged  to  practise  with  the  bow ; 
the  noblemen  underwent  an  enormous  amount  of  exercise,  both  with  and 
"\rithout  arms,  and  on  foot  and  horseback. 

After  the  invention  of  gunpowder,  the  qualities  of  strength  and  agUity 
Ijkccame  of  less  imjxirtance  for  the  soldier,  and  athletic  training  was  discon- 
tinued everywhere.  But  within  the  last  few  years  the  changing  conditions 
of  modern  warfare  have  again  demanded  from  the  soldier  a  degree  of 
endunince  and  of  rapidity  of  movement  which  the  wars  uf  the  eighteenth 
century  did  not  require.  And  the  population  generally  of  this  coimtry 
have  of  late  years  become  alive  t*i  the  necessity  of  compensating,  by  some 
artificial  system  of  muscular  exercise,  tlie  .sedentary  life  which  so  many  lead. 
In  our  own  time  the  Erst  regidar  gymnasium  appears  to  have  l>een 
established  at  Schwefental,  in  Saxony,  by  Saltzmann,  with  a  view  of  giving 
liealth  to  the  body,  strengthening  certain  muscles,  and  remedying  defor- 
mities. Alxjut  sixty  years  ago  Ling  also  commenced  in  Sweden  the 
system  of  movements  which  have  made  Im  name  so  celelirated.  Switzer- 
land, Spain,  and  France  followed,  and  of  late  years  in  (Termany  many 
gyransistic  societies  (Turner- Vereiu)  have  been  founded  in  almost  all  the 
gi-eat  cities,  and  the  literature  of  gymnasticism  is  now  a  large  one.  In  our 
own  country  the  outdoor  iuid  vigorous  life  led  by  the  richer  classes  and  by 
many  working  men  rendered  this  movement  less  necessary,  Irui  of  late 
years  societies  have  been  formed^  gymnasia  established,  and  athletic  spurts 
encouraged  in  many  places. 

Among  armies,  the  Swedish  and  Prussian  were  tli©  first  to  attempt  the 
physical  training  of  their  soldiers.  France  followed  in  1845,  and  ever  since 
a  complete  system  of  gymnastic  instruction  has  been  carried  on  in  the 
French  Army,  and  a  military  gymnastic  school  exists  at  Vincennes,  where 
instructors  for  the  anny  are  taught. 

In  the  English  Army  this  matter  attracted  less  attention  until  after  the 
Crimean  War,  when  the  estabHahment  of  gymnasia  as  a  means  of  training 
and  recreation  were  among  some  of  the  many  refonns  projected  by  Lonl 
Herbert.  In  1859  General  IIamiltr>n  and  Sir  G.  Logan,  formerly  Director- 
General  of  the  Army  Medical  Department,  were  sent  over  to  inspect  the 
systems  in  use  on  the  Continent,  and  presented  a  very  interesting  Report, 
which  was  subsequently  published.  A  grant  of  money  was  immcdiHtely 
taken  for  a  gymnasium  at  Alderehot,  and  this  has  now  been  in  of  aeration  for 
many  yeare  with  most  satisfactory  results.  Gynmaiia  are  now  ordered  t*^  be 
built  at  aU  the  large  stations,  and  a  complete  code  of  instnietions,  drawn  up 
by  Mr  Maclaren,  of  Oxford,  is  pubhshed  by  authority, ^ 

1  OymnoMtie  Msxfciaea,  <lv.»  1877.  Mr  Mnclnreti  ban  also  ptibliahod  two  other  works  of 
grcsat  utility  ;  a  SjfMlem  ojf  Trainif^j  oQd  Physical  Education.  Thia  IftAt  work  «houtd  Im!  in 
the  h&iidtt  of  every  one. 
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The  inBtructions  have  two  great  objects — 1^,  to  assist  the  phjsiciLl 
development  of  the  recruit;  2n^l,  to  strengthen  and  render  supple  the 
frame  of  the  trained  soldier.  Every  recruit  is  now  ordered  to  have  thiee 
months'  gymnjiatic  training  during  (or,  if  judged  exjjedient  by  a  medical 
officer,  in  lieu  of  part  of)  his  ordinary  drill.  Two  months  are  given  before 
he  commences  rifle  practice,  and  one  month  afterwards.  This  training  is 
superintended  by  a  medical  officer,  who  will  be  responsible  that  it  is  done 
properly^  and  wiio  will  have  the  power  to  continue  tho  exer<^iBe  beyond 
ihit  prescri]>€Mi  time  if  he  dciuiis  it  necessary.  The  exercise  for  the  recroit 
is  to  last  only  one  hour  a  day,  and  in  atlditiou  he  will  have  from  two  to 
three  honrs  of  oi-dinary  drill. 

The  trained  infantry  sohlier  is  ordered  to  go  through  a  gymnastic  ccmtw 
of  three  monthc^^  darjitlon  every  year»  one  hour  being  given  every  other  day. 
The  eavEdry-  soldier  is  to  be  taught  fencing  and  sword  exercise  in  lieu  of 
jfmnastics. 

The  Ccnie  of  huinidtojis  drawn  up  by  Mr  Maclaren  consists  of  two  paits^ 
elemeutiiry  and  advanced  exercises.  The  exercises  have  been  arranged  with 
very  great  care,  and  present  a  progressive  course  of  the  mcist  useful  kind. 
The  eiirly  exercise  commences  with  walking  and  running ;  leaping,  with  and 
without  the  pole^  follows  ;  and  then  the  exerciser  with  apparatus  comnience, 
the  ortler  being  the  horizontal  beam,  the  vaulting  Imr,  and  the  vaulting 
horse.  All  these  are  called  exercises  of  progression.  The  elementary 
exercises  follow,  viz.,  with  the  partdlel  bars,  the  pair  of  rings,  the  row  of 
rings,  the  elastic  Liddcr,  the  horizontal  bar,  the  bridge  ladder*  and  tha 
ladder  plank.  Then  follow  the  advanced  exercises  of  climbing  on  Ihe 
slanting  and  vertical  ])ole,  the  slanting  and  vertical  rope,  and  the  knotted 
rojM^. 

FiiiaUy,  the  most  advanced  exercises  consist  of  escalading,  first  against  a 
wall,  ami  then  against  a  prepared  building. 

In  the  Frencli  Army  swimming  and  singing  are  also  taught.     Both 
very  useful ;    the   singing   is    encouraged,  not  as  a  matter  of  amusem< 
(though  it  is  very  useful  in  this  way),  but  as  a  means  of  improving 
lungs. 

Swimming  should  be  considered  an  essential  part  of  the  soldior'a  educa- 
tion, and  it  is  probable  that  it  will  be  systematically  taught  in  the  Engliali 
Army. 

K«3beTt  Jackson  very  strongly  recommended  that  dancing  sliould  be 
taught  and  encouraged.  There  is  soimd  sense  in  this ;  a  spirit<»d  dance 
brings  into  play  many  muscles,  and  in  a  well-aired  room  is  as  good  on 
exercise  as  can  be  taken.     It  would  also  be  an  amusement  for  the  meiL 
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Duties  of  the  O^ffker  in  the  GyrmyasiuTn, 

The  Medical  Efgulatmu  order  the  medical  officer  to  visit,  and  advise  on 
the  kind  and  amoiuit  of  gymnastic  exercise.  The  QMeenU  Mefjulatumi 
(section  10,  para,  8)  order  a  strict  medical  examination  of  each  man  before 
the  instruction  is  commenced.  During  the  course  further  inspections  are  to 
bii  !aade — of  the  recruits  once  a  fortnight,  of  trained  soldiers  monthly,  Tbt 
measurements  of  the  recruit  are  also  to  be  taken  under  tlie  direction  of  tllf> 
medical  officer.     The  following  ]>oint<i  should  be  attended  in  regard  to — 

1.  Recruits, — Tlie  recruit  is  inspected  from  time  to  time,  to  see  if  the 
system  agrees  with  him. 

(a)   Weight, — ^The  weight  of  the  body  should  be  ascertained  at  the 
ning  and  end  of  the  course,  and  during  it,  if  the  recruit  in  any  way  comj 
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With  sufficient  food  recruits  almost  always  gain  in  weighty  therefore  any  loss 
of  weight  ^Iiuuld  at  oncy  call  for  strict  iiKiniry,  It  may  he  the  recruit  is 
l>eing  overdone^,  and  more  vt^st  may  he  necessary.  But  in  order  to  avoid  any 
great  error,  the  weights  nmst  he  carefully  taken  ;  if  they  are  t4ilvcn  at  all 
times  of  the  day,  without  regard  to  food,  exercise,  &e.,  accuracy  is  impossihle ; 
there  may  be  2  lb  or  3  flj  variation.  The  physiological  practice  during 
experiments  is  to  take  the  weight  the  tirst  tiling  in  the  morning  l>efui-e 
br*^akfai*t»  and  after  emptying  the  bladder.  If  it  cannot  l>c  done  at  this 
time,  scaiTcly  any  reliance  can  be  plixced  on  the  result  F*H>d  alone  may 
raise  the  weight  2  It*  or  3  tt)^  and  we  cannot  he  sure  that  the  same  qnaiitity 
(jf  foixl  is  taken  daily.  Tlie  clothes,  also,  must  be  rememliered  ;  mmi  should 
be  weighed  naked  if  j>08«ihle,  if  not,  in  their  trousers  only,  and  always  in 
the  same  drc^s. 

(b)  Hei'jht. — This  ia  umially  tjiken  in  the  erect  [>osition.  Sir  Wdliam 
Aitken  ^  recommends  it  to  l>e  tiken  when  the  body  is;  ntretched  on  a 
horizontal  platie»  A  series  of  experiments  on  both  plans  woidd  be  very 
desirable, 

(f^)  Girth  of  Ched, — The  chest  m  measured  to  ivscertain  it^  alisoluto  size 
and  iti^  amount  of  expansion. 

It  i^  best  measured  wlien  the  ihau  standa  at  attention,  with  the  arms 
hanging ;  and  the  t^ipc  sliould  pass  round  the  nipple  line.  The  doul»le  tape 
(the  junction  being  placed  on  the  -spine)  ia  a  great  improvement  over  the 
single  tape,  as  it  measures  the  sides  8t?parately,  and  with  practice  can  be 
done  im  quickl}'. 

The  che,st  should  be  measuretl  in  the  fullest  expiration  luid  fulb'st  innpira- 
tion»  If  tlie  chest  is  meiji?ured  with  the  arms  extended,  or  uver  the  head, 
the  8capxd»  may  tlirow  out  the  ti)pe  from  tlie  side  of  the  chest. 

{fl)  Tht  Inn/nnU&r^  Powef,  as  cxprcssod  l*y  the  spirometer,  may  aLao  be 
toste*l. 

(c)  Growth  of  Masclejt, — This  is  known  hy  feeling  the  muscles  when 
relaxed  and  in  action,  and  by  measurements.  The  measurement  of  the 
npj>er  arra  should  be  taken  either  when  the  arm  is  bent  over  the  most 
|>rtunincnt  part  of  the  biceps,  or  over  the  thickest  part  when  the  ann  is 
extended. 

(/)  General  Condition  of  Health. — Digestion,  sleep,  complexion,  &c.  The 
recruit  should  also  lie  inspected  during  the  time  of  exercise,  to  watch  the 
effbct  on  his  Jieart,  lungs,  and  raustdes.  In  commencing  tmintug  the  great 
point  is  to  etUicate,  so  to  sju^ik,  the  lieart  and  lungs  to  perform  suddenly, 
without  injury,  a  great  amomit  of  work.  To  tio  this  there  is  nothing  1  wetter 
than  practice  in  running  and  jumping.  It  is  astonisliing  what  eflect  this 
soon  has.  If  possible,  the  increavse  in  the  numln^r  of  resj>irations  after 
running  200  or  300  yards  shoidd  l>e  noted  on  the  tirst  day,  its  this  gives  u 
slandard  by  which  to  judge  of  the  sitlisequent  improvement.  But  as  it 
would  be  imiKJftsible  and  a  waste  of  time  to  do  this  with  all  the  men, 
directly  the  run  is  ended  the  men  should  range  in  line,  and  the  medical 
officer  should  pass  rapidly  down  and  pick  out  the  num  wdiose  respiration 
is  most  hurried.  In  all  the  exercisers  the  least  difficidty  of  respiration 
should  cause  the  exercise  to  be  8usj:»endcd  for  fom:  or  five  minute«,^  The 
hfiart  should  be  watched :  the  characters  indicating  the  necessity  for  i-est 

i  On  tfuf  Grmoih  of  the  Recruit,  1m\  edit,  1887. 

^  In  ihe  tmining  of  liorH«4  the  points  always  fttt«?UfUMl  to  are— the  very  cmdHAl  incn:ai»e  of 
the  ^lerciNe  ;  gent]«  walking  ut  ptsrsevi'reil  tu  for  a  \on^  time,  thtin  hIow  gfulojM  ;  thtfU,  as  tht 
JiorM!  ^aiuh  wind  and  ftireugth,  quicker       "  ^  -tt  tlie  liorw  iw  inevcr  dijitn5»wc»<I,  yjtxtX  ATl»oy 

\¥ijnJd  Ik*  dJBiuiHM-d  Iroiii  a  hUhle  if  it  ii  tliut  tht)  liume  he  wju  rtdiag  showetb  by 

uigbiug,  or  in  aiiv  other  wav,  that  the    i  -»  gn*fil  kir  him. 
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or  easier  work  ai'e  excessiye  rapidity  (130-160),  smallness,  mequality^'^H 
irregulaiity  of  pulae.  f 

Soreness  of  muaelesi  ufter  the  exercise,  or  great  weariness,  should  be 
inquired  into.  It  would  be  wl41  every  now  and  then  to  try  the  inguinal 
und  feiuordl  rings  dxiring  exertion  and  coughing, 

One  very  important  part  in  g}  ninastie  training  depends  on  the  instructor. 
A  gixid  instructor  vtiries  the  work  constantly,  and  never  urges  a  man  to 
undue  or  re])eated  exertion.  If  the  particular  exercise  cannot  be  done 
any  man  it  should  he  left  for  the  time*  Anything  Mke  uj'giiig  or  jeering  i 
the  rest  of  the  men  should  be  strictly  discountenanced.  The  instruct 
should  pass  rapidly  frcjm  exercise  to  exercise,  so  that  a  great  vnriety 
muscles  may  he  brought  into  play  for  a  short  time  cadi,  and  as  the  me 
WDrk  in  classeSj  and  all  cannot  be  acting  at  once,  there  is  necessarily  a  good 
deal  of  rest. 

The  grand  rule  for  an  instructor  is,  then,  change  of  work  and  sufficient 

In  the  case  of  a  recruit  who  has  not  been  used  to  much  physical  exertion^ 
the  greatest  care  must  be  taken  to  give  plenty  of  rest  during  exerciser 

There  may  even  seem  to  be  an  undue  proportion  of  rest  for  the  first  for 
night,  but  it  is  really  not  lost  time.     The  medical  officer  is  directed  to  xi 
tlie  gj^mnasiuni  ixriodically,  but  during  the  first  fortnight  of  the  training 
of  a  Imtch  of  recruits  he  should  visit  it  frequently. 

With  proper  care  men  are  very  seldom  injured  in  gymnasia.  Dr  Parkes 
was  informed  at  Yincennes  that,  though  they  did  not  take  men  unle^  th^ 
were  certified  as  fit  by  a  medical  ollicer,  they  occasionally  got  men  wit 
*Melicate  chest^a,"  though  not  absolutely  diseased.  The^  men  alwaj 
impr<Dved  marvellously  *luring  the  six  months  they  remained  at  Vincenne 
In  fact,  a  regulated  course  of  gpmiastics  is  well  known  to  be  an  impor 
remeihal  measure  in  threatened  [dithisis.  Hernia  is  never  caused  at  Vi 
cennes.  Kor  does  it  appear  that  any  age  is  too  great  to  be  benefited 
gymnastics,  though  in  aid  men  tlie  condition  of  the  heart  and  rebels  (as  i 
rigidity)  shouM  he  looked  to. 

TrainetJ  Sohiurs. — ^There  is  less  occasion  for  care  with  these  men ;  the 
should,  liowever,  be  examined  from  time  to  time,  and  any  great  hurry  i 
respiration  noted.     The  man  should  be  called  out  from  the  class,  his  I 
examined,  and  some  relaxation  advised  if  necessary. 

Drill  $  ami  Marchta. 

In  drill,  and  during  marches,  the  movements  of  the  soldiers  are  to  a  eer 
extent  constrained.     In  the  attitude  of  **  attention  "  the  heels  are  close 
gother,  the  toes  turned  out  at  an  angle  of  60*,  the  arms  hang  close  by  th«r^ 
sides,  the  tlnimljs  close  t-o  the  forefingers,  and  on  a  line  with  the  seam  of  the 
trousers.     The  jiosition  is  not  a  secure  one,  as  the  basis  of  support  is  sjuaU 
and  in  the  manual  and  |ilatoon  exercise  the  constant  shifting  of  the  weigh 
changes  the  centre  of  gravity  every  moment^  so  that  constant  muscular  lU'tioH 
is  necessiiry  tc»  maintain  the  equilibrium-     Men  are  therefore  seldom  kep 
long  nnder  attention,  but  are  told  to  "stand  at  ease  '*  and  "stand  easy," 
which  cases,  and  esiK^cially  in  the  latter,  the  feet  are  farther  apart  and  th 
muscles  are  less  constrained. 

Li  marcliing  the  attitude  is  still  stiH' — it  is  the  position  of  attention,  aa  it 
were,  put  into  niotiom  The  slight  lateral  movement  which  the  easy  walker 
makes  when  he  brings  the  centre  of  gravity  alternately  over  each  foot^  and 
the  slight  rotatory  motion  which  the  trunk  makes  on  the  hip-joint^  ia  ro* 
strained  as  far  as  it  can  be,  though  it  cannot  be  altogetlier  avoided,  lus  131 
proved  l>y  observing  the  fight  swayiiig  motion  of  a  line  of  even  verj'  steadj 
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luen  tuarching  ut  <|m€k  tuiiK,  Marching  is  certainly  mnrh  more  fatiguing 
than  free  walking ;  and  in  the  French  Ai'my,  and  by  many  commanding 
officers  ill  our  own,  the  men  arc  allowed  to  walk  easily  and  disconnectedly, 
except  when  closed  up  for  any  special  purpose.  This  may  not  look  so 
striking  to  the  eye  of  a  novice^  but  to  the  real  soldier,  whose  object  is  at  the 
end  of  a  long  march  to  have  his  men  so  fresh  that,  if  necessary,  they  could 
go  at  once  into  action,  such  easy  marching  is  seen  to  be  really  more  soldier* 
like  than  tlie  constrained  attitudes  which  lead  so  much  sooner  to  the  loss  of 
the  soldier's  strength  and  activity. 

In  walking,  the  heel  touches  the  ground  first,  and  then  rapidly  the  rest 
of  the  f<x)t,  and  the  great  toe  leaves  the  ground  la^st  The  wldier,  in  some 
countries,  is  tiiught  Uy  yilace  the  foot  almost  tlat  on  the  ground,  but  this  is  a 
mistake:,  as  the  body  lof^s  in  part  the  advantage  of  the  buHer-like  mechanism 
of  the  heel.  The  k>es  are  turned  out  at  an  angle  of  about  30"  to  45\  and  at 
each  step  the  leg  advances  forward  and  a  little  outward ;  the  centre  of 
gravity,  which  is  between  the  navel  and  the  pubis,  alwiut  in  a  line  with  the 
[iromoutory  of  the  sacrum  (Weber),  is  constiintly  shifting.  It  lias  been  sup- 
posed that  it  would  be  of  advantage  to  keep  the  foot  quite  si  mighty  or  to 
turn  the  toes  a  little  in,  and  to  let  the  feet  advance  almost  in  a  line  with 
each  other.  But  the  advantage  of  keeping  the  feet  apart  and  the  toes 
turned  out  is  that,  first,  the  feet  can  advance  in  a  straight  line,  which  is 
obviously  the  action  of  the  great  voiti  mus<.^les  in  front  of  the  thigh ;  coid, 
second,  when  the  body  is  brought  over  the  foot,  the  tumed-out  toes  give  a 
much  broader  bfu?e  of  support  tlian  when  the  foot  is  straight  The  spring 
from  the  great  toe  may  perhaps  he  a  little  greater  when  the  foot  is  stniight 
(althotigh  this  is  doubtful,  and  there  seems  no  reason  why  the  gastrocnemii 
and  solei  should  contract  better  in  this  position),  but  there  is  a  loss  of  spring 
from  the  other  toes.  Besides  this,  it  has  been  show^n  by  Weber  that  when 
the  leg  is  at  it^  greatest  length,  i.^,,  when  it  has  just  urged  the  liody  forward, 
ami  in  lifted  from  the  ground,  it  falls  forward  like  a  j>cndulum  from  its  ow^n 
weigh  I,  not  from  muscular  action,  and  this  advance  is  from  within  and  behind 
to  without  and  beforeiy  so  that  this  action  alone  carries  the  leg  outwards. 

The  foot  should  be  raised  from  the  ground,  only  so  far  as  is  necessary  to 
ele4*r  obstacles.  Formerly,  tn  tlje  Russian  Imi>erial  Guard,  the  men  were 
taught  to  march  w  ith  a  peculiar  high  step,  the  knee  being  lifted  almost  to  a 
level  with  the  acetibuhmi.  T]ie  etfect  was  striking,  but  the  waste  of  power 
was  so  ^Tcat  that  long  nntrches  were  impossible,  and  this  kind  of  marching 
is  now  given  up.  The  foot  should  never  be  advanced  beyond  the  place 
where  it  is  to  be  put  down  ;  to  do  so  is  a  waste  of  labour, 

Iti  the  English  Army  the  order  is  as  follows  ; — 

£tn§ih  and  Number  of  Steps  in  Marchinff, 
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Stejtping  out, 
DouUIiv, 
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Forniiuff  foar  deep, 
Sli  ppiTig  bdtk, 
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The  '*  double  "  is  never  eontiiuied  very  long  ;  it  is  stopped  at  Uii^^Sl 
of  the  comniaiiciiiig  officer.     In  the  French  Amiy  it  is  ordered  not  to  1m*  c^jh- 
tinned  longer  than  twenty  nnnntea.     At  the  douhle  (if  without  arms),  tlit* 
forearms  are  held  horizontally,  the  elbows  close  to  the  side  ;  if  the  rifle  i> 
eiirriod,  one  arm  is  so  held.     There  is  an  advantage  in  this  attitude,  as  tli*' 
arms  are  hronght  into  the  position  of  least  resistance;  more  fixed  points  ar^ 
given  for  the  mnscles  of  res]jiration,  and  the  movement  of  the  arms  and 
shoidders  facihtated  the  rapid  aliifting  of  the  centre  of  gravity. 

Qniek  time  is  ahvays  used  in  drills  and  marehing.     The  ground  got  ovet 
per  hour  is  generally  reduced  by  halts  to  2*8  miles. 

Running  drill  hm  been  introLluced  of  late  years ;  it  is  not  carried  beyonc 
1000  yards,  and  the  men  are  gradually  hrouglit  up  to  this  amount.     The 
pace  is  not  to  exceed  6  miles  an  hour.     'Weakly  men  (if  eonsidereil  unfit  hj 
the  mi  dieal  officers)  are  to  be  excused-^ 

In  tJie  French  Army  the  length  of  step  is  rather  different 

Frmch  Steps  in  Eiigluk  Measuirs  {Momche^  1886). 

1 
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r 

"^"X^^'    St^p.perM.^ut.. 

ff  round  TriToiwd 

per  MlDuta  la 

Fecu 
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iwr  Hour  In 

Mile 

P*8  aws^lM     ,        . 
Poa  maximum        ( 

S»-5              120  to  135 
31*5                     170 

295  to  332 
446 

3-35  to  3-80 

5-10 

Tlie  French  step  is  therefore  nearly  the  same  as  the  English  under  thi» 
new  regulations. 

In  the  German  Army  the  8tep  is   31*2  inches,  there  arc  112  per  minuUv 
and  the  ground  traversed  is  3*36  miles  |>er  hour.     In  the  Austrian  jVrmy 
there  are  115  to  130  steps  per  minutt^  of  29-2  inches,  covering  3*22  to  3-65 
nules  per  hour.      In  ^m  Italiiui  Anny  the  stej)  is  the  same.^ 

In  the  RnssiiUi  Army  the  rat^   is  IIG  to   120  paces  per  minute,  of  28 
inches,  covering  2|  miles  per  hour,  and   13 J  to  1G|  miles  per  day  of  7  to  9 
liours.'* 

The  exact  length  of  the  steji,  and  the  number  per  minute,  are  very  im- 
portant tiuestiona.     The  object  of  the  soldier  is  to  get  the  step  as  long,  and 
tlie  number  per  minute  as  great  as  pofisil>le,  witliout  midue  fatigue,  so  as  to 
get  over  the  greatest  amount  i>f  ground. 

The  quickest  moveuient  of  the  leg  forwanl  in  walking  has  been  sliown  by 
Weher  to  correspond  very  closely  with  half  a  pendidum  vibration  of  the  leg» 
and  to  occupy,  on  an  average,  0357  seconds ;  this  wuuld  give  168  stei*s  per 
miniit4>,  iiupposing  the  one  foot  left  the  groimd  wlien  the  other  touclied  it 
This  is  nuicli  tpiicker  than  the  army  walking  step  (the  double  is  a  run),  luid 
no  donht  nuich  fjuicker  than  could  long  be  home,  ^ince,  mth  a  8te[i  of  «»nly 
30  inches,  it  would  give  nearly  live  miles  |jer  htmr ;  but  it  may  l>e  a  question 
whether,  with  nnn  in  goml  condition,  the  f)ace  nught  not  be  increased  t-* 
130  per  minute.     Practical  trials,  however,  with  soldiers  carrying  arms  and 
accoutrements,  can  alone  decide  this  point. 

The  length  of  the  ste|)  of  an  average  man  has  been  fixed  by  the  BroUierf* 
Weber  at  about  28  inches.     In  individual  cases  it  de])cnds  entirely  un  Uie 
length  of  the  legs.     Robort  Jackaon  consitlered  30  inches  as  tCK>  long  a  etup 

L 

1  <M^n\^n-<j,.  1889,  aectioa  10,  imra,  22a. 

^  Mom.h«,  p.  761.                                      3  Major  Wolfe  Murray,  Op,  cii.,  p.  3i 
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for  the  average  solijier,  and  suggested  27  inches.  It  is  of  great  imi>oibDce 
not  to  lessen  the  length  too  niuthj  and  it  would  be  very  desiralile  to  have 
«ome  well-eonducted  experiments  on  thii?  point.  The  steps  must  be  shorter 
if  woiirhts  are  carrietl  tluui  without  them  ;  a  little  con»ideration  shows  how 
this  is :  When  a  man  walks,  he  lifts  his  whole  body  and  propels  it  forward, 
and  in  doing  ^o  the  [toint  of  eentre  of  gravity  descrilies  a  eircidar  motion,  in 
the  forjn  of  an  arc  aKwut  the  foot.  The  less  the  budy  is  raised,  or,  in  other 
words^  the  short'er  the  versed  sine  of  the  arc,  the  less  of  course  the  labour. 
In  long  steps  the  arc,  and  of  course  the  versed  sine,  or  height  to  which  the 
ImhIv  is  raised,  are  greater  ;  in  short  steps,  less.^  It  is  i>rolmble,  with  the 
Weight  the  soldier  carries  (GO  lb),  the  step  of  30  inches  is  quite  long  enough. 

From  some  very  careful  ol>servations  by  l)r  Lawson,  during  a  march  of 
the  47 tb  Ke^iment  from  Boyle  to  Naas  in  1843,  the  length  of  pace  was  found 
to  average  30"4l  inches,  the  number  per  minute  being  116  or  117,  and  the 
rate  of  marching  3*34  miles  per  iiour.  The  paces  were  froquently  eoimU'd, 
and  found  U^  ninge  between  112  and  120  per  minute;  the  length  was  some- 
times as  much  1%^  31*38  inches.  The  circtmistiinces  uf  the  marcJi  weins 
favourable,  but  the  men  were  in  heavy  marching  order,  earrjing  60  raunds 
of  bdl  cjirl ridge. 

In  the  French  Arniy  the  iruirch  is  commenced  at  120  steps  [>or  minute ; 
then  accelerated  to  125  or  even  135  steps;  during  the  last  halfdiour  120 
stej>s  are  returned  to.-'  But  the  sctldiers  themselves  often  set  the  step  ;  the 
•grenadiers  and  the  voUigeurs  aitemately  leading.  Four  kilometres  (  —  ^ 
miles)  per  hour  is  considered  a  good  general  average  (Morache), 

The  soldier,  in  this  country,  when  ho  marches  in  time  of  peace  in  service 
order,  carries  valise,  contiiining  his  kit,  two  pouches,  haversack,  water-bottle, 
greatcoat,  gaiters,  mesi^tin,  rifle,  and  ammunition.  In  India  he  does  not 
carry  his  valise  or  greatcoat. 

There  is  a  very  getienil  impression  that  the  best  marchers  art^  men  of 
UHthlle  size,  and  that  very  tall  men  do  not  march  so  well. 

Lf^iifftk  of  the  March, — In  ** marching  out*'  in  time  of  peace^  which  is 
done  once  or  twice  a  week  in  the  winter,  the  distance  is  8  or  10  mile^/^  In 
marching  on  the  route  or  in  war,  the  distam-c  is  from  10  or  12  miles  to 
oL'easionally  18  or  20,  but  that  is  a  long  march.  A  forced  march  is  any 
distance— 25  to  30,  and  oecasionally  even  40  miles  l»eing  got  over  in  twenty- 
four  hours.  In  the  French  Anuy  the  lengtli  of  march  is  from  20  to  25 
kilometres  (12i  to  15  miles).  In  the  German  Army  the  usual  march  is  14 
miles  (English)  ;  if  tlie  marfJi  is  continuous,  there  is  a  bait  every  fourth  day. 
Anything  beyond  this  is  rarely  achieved,  except  oecasionally  by  small  iKxlies 
nf  men. 

Cmditiom  rendering  Marehes  Slotf>er\ — The  larger  Ihe  body  of  mvu  Ihe 
.slower  the  march  ;  14  miles  will  Ik*  lione  in  six  or  seven  boui-s  Viy  two  or 
three  regiments,  but  not  under  eiglit  or  nine  hours  by  8000  or  10,000  men. 
A  large  army  will  not  go  over  14  milL*s  under  t>en  hours  us\ially.  A  single 
regiment  can  do  20  milea  in  eight  hours,  but  a  large  army  will  take  twelve 
or  fourteen,  including  ludts.  Head  winds  greatly  delay  mani^hes ;  a  very 
strong  wind  acting  on  a  body  of  men  will  cause  a  difference  of  20  to  25 
per  cent,  or  only  4  mi!c^  will  l>e  got  over  instead  of  5.  Snow  and  rain, 
without  head  wind,  delay  aliout  10  to  15  percent,,  or  4  J  miles  are  done 
instead  of  5. ' 

1  The  Brothers  Welwr,  however,  have  i^howi]  lluit  the  angle  at  which  th«  botly  i«  beat,  wul, 
coiiftequvntly,  tho  cottficieut  of  rujHJHtttiiL'e,  tire  not  iilTected  by  the  leii^h  of  step,  proviiled  ih© 
velot.ity  ri'mnins  the  «nmt*. 

a  Momithe,  Op.  eit,  p.  7«1. 

»  i^rjis  HtffulaiwHJf,  18^9,  wsction  16,  ijm».  13. 
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Of  course  bad  or  slippery  roatls,  deep  sanda,  heavy  snows,  jungle 
bnishwood,  are  often  acting  against  the  soldier,  and  in  liilly  rind  jungly 
countries  only  5  or  6  miles  may  be  got  over  in  a  day. 

Condilkms  tifldincf  to  the  Fatigue  of  Marchinrj. — Heat — dust— thirst — 
constant  !ialts  from  obstructions — want   of  food — bad    we>atlier,    especinDyJ 
bead  winds  with  nmi.     In  order  to  avoid  bent  and  dust^  it  is  desirable,  when] 
it  can  be  done,  to  separate  the  cavalry  and  artiller}^  f mm  the  infantry ; 
let  the  latt<^r  march  in  open  order,  and  with  as  large  a  frttnt  as  possible. 

Instmices  of  Marches  durimj  War. — It  is  most  important  for  a  soldier  tol 
know  what  has  lieen  done  and  what  can  be  done  with  a  large  Viody  of  foot  J 
soldiers,  and  it  is  scarcely  less  interesting  to  the  physiologist.  In  com  pari  n 
the  marches  of  infantry,  it  must  always  he  rememhered  how  great  an  effes 
increasing  the  number  of  men  has  in  lesvsening  the  rapitiity  and  length  of  A.1 
march,  and  in  incrcNtsiug  tho  fatigue.  No  large  army  has  ever  made  the ' 
marches  small  bodies  of  Iroope  have  done. 

At  time-s  the  fatigue  imdergone  by  trained  men  has  been  something  ahnost 
incredible,     Wolfe  men tiorks  in  nne  of  his  letters  that  in   1743,  just  before 
the  battle  of  Dettingcn,  tiis  regiment  marched  from  Frankfort  '*  two  days 
and  two  nights  with  only  nine  or  t^?n  liours*  halt."     This  would  l>e  a  march 
of  thirty-eight  hours  out  of  forty -eight     He  gives  the  distance  at  about  40 
miles,  but  it  was  probably  more.     The  43rib  52nd,  and  95th  regiments  of 
ftHjt,  ftjrming  the  Liglit  iJivifiion  under  Crawfurd,  made  a  forced  march  itid 
July  1809,  in  Spain,  m  order  to  reinforce  Sir  Arthur  Wellesley  at  the  battle  i 
of  Talavfra.     Aliout  fifty  weakly  men  were  left  behind,  and  the  brigade  then 
marched  62  miles  in  twenty  six  hours,  carrying  arms,  ammunition,  and  pack  , 
— in  all,  a  weight  of  between  50  Ri  and  60  III.^     There  wei-e  only  seventeieo} 
stragglers.     The  men  had  been  ivell  trained  in  marching  during  the  previoiw ! 
month. 

One  of  these  regiments^the  52nd — mailo  in  India,  in  1857,  a  march  i 
nearly  as  extraordinary.  In  the  height  oi  the  Mutiny  intelligence  reached 
them  of  the  locality  of  the  re1>els  from  8ialkot.  The  52nd,  and  some 
artillery,  sl^irted  at  night  on  the  10th  of  Jidy  1857  from  Amritsar,  ull«^ 
readied  Gnrdaspiir,  42  miles  oil",  in  twenty  hours,  some  part  of  the  march 
being  in  the  sun.  On  t!ie  following  morning  they  marched  10  mUe^,  and 
engaged  the  mutineers.  They  were  for  the  first  time  clad  in  the  comfort- 
able gi'ey  or  dust-coloured  native  kliaki  cloth. 

A  march  of  a  siiiall  party  of  French  was  narrated  by  an  ofticcr  of  the 
party,  who  was  jiftcrwards  wountled  at  Sedan,  to  Dr  Frank.  A  company  lif 
a  regiment  of  chasseurs  of  !Macmalion\^  firmy,  after  being  on  grand  guanl, 
without  ^lielter  or  lire,  during  the  rainy  night  of  the  5th-6th  August  1870, 
started  at  three  in  the  morning  to  rejoin  it^  regiment  in  retreat  on  Kieder- 
bronn,  after  the  Imttle  of  Weissenburg.  It  arrived  at  this  village  at  3.30 
in  the  afternoon^  and  started  agtiin  for  Phalsbourg  at  6  o'clock.  The  roiid 
was  across  the  hills,  and  along  forest  tracts,  which  were  very  diHictilt  for 
troops.  It  arrived  at  Phalsbourg  at  8.30  o^clock  in  the  evening  of  the  next 
day,  Tlie  men  had,  therefore,  inarched  part  of  the  night  of  the  5th-Gth 
August,  the  day  of  the  Gth,  the  night  of  the  Cth-7th,  and  day  of  the  7th 
till  8»30  P.M.     The  halts  were  eight  minutes  every  hour  from  3.30  to  6, 


'  Napier'fl  War  in  the  Penimtxtlnf  3nl  etlit*  vol.  ii,  p.  400  ;  Moor5.olu'^i  Record  of  the  hind  | 
Regimmt,  p.  116.  Both  authors  state  thftt  the  nicn  carried  between  50  lb  and  60  lb  on  tins 
extraonlinnry  inarch,  but  there  seenia  a  httle  doubt  of  this.  During  the  PeninsuUr  war  tht  j 
Tiieti  larriefl  hags,  weighing  about  2  \ti,  and  not  rrajiie/i  packs,  and  their  kit.A  were  very  ncimty.  i 
Loril  Clydtt  in  talking  of  thk  march  to  Surgeon -General  Sir  T.  Loiigtuon*,  told  him  iht  mea^ 
only  carried  a  shirt  and  ft  8p«re  pair  of  either  l>oots  or  »ole.s.  He  haw  the  inea  m&rch  Iti.  In  j 
all  probability  tdm  they  would  not  carry  their  full  auiniuiutiou. 
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one  hour  in  the  night  of  the  6tli-7th,  and  2 J  hours  on  the  7th.  Altogether, 
inc!nrling  tlie  halts,  the  march  histed  41 A  hours,  and  the  men  must  have 
heen  {ictiially  on  their  feet  ahout  thirty  hours,  in  addition  to  the  guard 
duty  on  the  night  before  the  march. 

An  ofticer  of  a  Saxon  fusilier  regiment  gave  the  following  .stiitemerit 
of  a  forced  march  in  one  of  the  actions  at  Metz  in  1870.  The  regiment 
was  alarmed  at  midnight  and  marched  at  1  a-m;,  and  continued  march- 
ing with  halts  until  7  p.m.  ;  they  bivouacked  for  the  night,  marched  at 
7  the  next  mornhig^  came  into  action  at  1.30^  and  in  the  evening  found 
them^elvea  15  kilometres  beyond  the  field  of  battle.  The  total  dis- 
tance wm  53 J  miles  io  alxmt  forty- two  hours,  with  probably  fifteen  hours' 
liak. 

Roth  mentions  that  tlie  18th  division  of  tlie  8axon  Army  in  the  various 
manoiuvrea  about  Orleans  marched,  on  the  16th  and  17th  December  1870, 
54  English  miles.  Von  der  Tana's  Btivarian  Array,  in  retreat  on  Orleans, 
marched  42  miles  in  twenty-six  hours. 

These  were  all  forced  maK'hes  for  the  f)iirpose  of  coming  into  action  or 
retiring  after  discoinliture.  Apart  from  the  Peninsular  Light  Division  march, 
they  show  that  in  two  days  and  one  night  a  small  body  of  men  may  cover 
54  EnglLsh  miles,  and  that  is  probably  near  the  limit  of  endurance.  The  Light 
Division  marcli  is  so  excessive  (62  miles  in  twenty-six  hours,  or  2*38  miles 
every  hour,  without  reckoning  halts)  that  it  may  be  doubted  if  the  distance 
was  properly  reckoned.* 

When  a  large  army  iiiove^  it  ]nm  never  accomplished  such  distances. 

in  1806  tlie  French  Army  marched  on  one  occasion  49  kilometres,  or 
30i  miles.  On  the  15th  June  1815  Napoleon  made  a  forced  march  to  sur- 
prise the  Prussians  and  English,  but  only  accomplished  30  kilometres,  or  18g 
miles. 

In  Sherman's  celebrated  march  across  the  Southern  States  the  daily  dis- 
tiyice  was  about  14  miles.  When  the  Prnssiaris  a<lvanced  on  Vienna,  after 
the  battle  of  K<juiggriitz  in  1866,  they  accomplished  almost  the  same,  and 
had  also  outpost  duty  every  other  night. 

The  Russians  niarclied  in  the  expedition  to  Khiva,  in  1873^  4n8*7  niOea 
(English)  in  80  days,  but  as  actual  mart^hing  was  done  only  on  44  days,  the 
avemge  daily  march  was  (468*7^44)  1065  miles;  the  longest  march  was 
26|  miles.2 

Miicniahon's  army,  in  its  march  to  relieve  liazain*-  at  Metz,  could  only 
accomplish  abtnit  10  miles  daily,  widle  the  Crown  Prince  of  Prussia  in  pur- 
suit was  far  Tiiore  rapid. 

J  Sir  "William  Copi%  wlio  wtw  one  of  iUe  offloers  of  tbe  95th»  aayji  (iu  his  HhAory  of  the  Hi/U 
Bntftide^/mTnerlu  the  ^l^tk)  that  the  disiiiuce  vra*  only  40  milcH. 

i  tn  1709,  oa  the  3rc1  ^'pt.,  in  onlc-r  to  ijecune  tbti  iiossage  ot  t])i5  Halne,  the  Prince  of  He»9c- 
Cii«M«ol  mtt^le  a  nmruh  of  49  EugliMh  m\l^  iu  5d  sacc«NMv« lioors,  with  400U  foot  aud  60  Bqiuul* 
roDH  j(Caxi?'s  L{fe  of  Mar/hfurou^h,  v.  10-21). 

Aliwti  {IJiJttory  of  Marlhorouj^h^  vol,  ii.  p.  27)  says  that  "this  mpulity  ofiwivftnce  for  such 
n  kli^tdin.*'  hA«i  never  been  previotiijly  suriiwwwl,  IhouHh  it  ha*  l>eeii  outdone  til  later  tinie*," 
Ht'  refers  in  a  ftXitnoti?  to  Mocken/Je'fi  march  to  join  W<.'llington  at  Talavom»  which  he  give* 
AH  62  English  tiiile.s  in  26  honrH  ;  also  the  Russimi  foot  ^lordi^  advancing  to  PariH  in  1S14,  oftor 
the  comlNit  at  Fero-Champenoise*  mardiHl  48  Tnth*i<  in  26  hour*. 

In  th«  7Vwif.»  of  1873  a  writ*? r  i^ivt'ii  thr  t  "  tiit^nu'Ut;  In         *      '  '       '  '      J>- 

li-shca  in  the  L^mdm  Gazette  of  18f»9 :—  m  djiy  lite  tr  ,\ 

:if>  mi lefl,  and  those  fron>  the  camp  48  nil!    .       h  of  this  n  irit 

sun/'     He  alHO  fiays  that  at  th«  end  of  1868  Ueiit^rul  Wliitlock  umii:li<  m  «17  hours  Io 

n?lit*vi?  Kirwce. 

InAi     '   ^^'''  "'  ■    '  ^^    ^  i:-f    -,->  .^-  .-    -.  i-'.v^   rt'iKuif.dn  :  '       than  40 

mili*^.  I  hours,     li  1  of  the 

Timfji  ^  I  I  I  M  irt  IiihI  froij.  lo  Delhi, 

580  iiult'4,  111  'I'l  ihk^i,.  S;r  Hope'  Grant  anw^  7<''0  nuk^  in  28  ilays.  He  ol&a  Miyi  that  th«  l«t 
i  Fusiliers  (Eurojujan)  marcbetl  68  miles  in  38  hoUTH. 
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iVfter  Sedan,  the  Prussian  and  Saxon  troops  pushed  on  to  Paris  by  fONid 
niiin-'lif'tt,  and  accompHshed  no  an  avemge  35  kilometres,  or  213^  niileai  d^^| 
and  they  marched  on  ^niue  days  42  to  45  kilometres  (26  to  28  miles) ;  flM 
startled  at  5  or  6,  and  were  on  their  ground  from  4  to  8  oVdock,  the  averagi! 
pace  heing  5  kiIomi?tres  (3*1  miles)  per  liour.  ( 

In  the  Indian  Mutiny  several  regiments  marched  30  miles  a  daj  f or  scTCfot 
days. 

WhQii  marches  are  continued  day  after  day,  an  average  of  alK>ut  20  mile« 
may  be  expected  from  men  for  two  or  three  weeks,  after  which,  probablyJ 
the  amount  would  lesfien.  ' 

It  in  dilhcult  to  estimate  the  laliour  of  such  marches,  as  besides  the  actual 
march  there  it^  often  work  in  fet'Cliiiig  water,  cooking,  pitching  tents,  sentry, 
outpost,  and  picket  duty,  Sec.  As  20  miles  a  day  with  60  H>  weight  i 
equivalent  to  lifting  495  ttuis  one  foot,  and  there  is  always  additional  worfc! 
Uj  he  donej  it  is  clear  that  the  labour  is  excessive,  and  must  be  preparetd 
for,  and  that  during  the  time  the  men  must  be  well  fed. 

In  marching  long  distiinces,  the  extent  of  the  marches,  the  halting 
grounds,  Sec,  are  fixed  by  the  Quartermaster-General's  department. 

Occasionally  the  tiiai^'h  has  hcen  divided,  one  part  being  done  in  tli6 
early  m<irning,  and  the-  remainder  late  in  the  afternoon.  It  is,  however, 
better  to  make  the  march  continnous,  and,  if  necessary,  to  lengtlien  the 
mid-tlay  halt. 

Order  of  J/ttrcA.— Whenever  possible,  it  seems  desirable  to  march  in 
o[ien  order.  Inspector-General  J-  R.  Taylor  has  given  evidence  to 
show  that  a  close  f»rder  of  ranks  is  a  cause  of  unhealthiness  in  marching, 
similar  to  that  of  overcrowding  in  barracks ;  and  the  Medical  Boanl  of 
Bcngd,  in  accordance  with  this  opinion,  recommended  that  military 
mnvemi'Uts  in  close  order  should  he  as  little  practised  as  possible.  There 
shoidd  also  be  as  mucti  inUu-val  as  can  lie  allowed  lietween  bodies  of 
troops, 

EfftcU  of  Mart^Iifs. — Under  ordinary  conditions,  both  in  cold  and  hot 
countries,  men  arc  healthy  on  the  march.  But  marches  are  sometimes 
hurtful — 

\st.  Wlien  a  single  long  and  heavy  march  is  undertaken  when  the  men  aro 
overloade<b  without  food,  and  perhaps  without  water.  The  men  fall  out,  ftml 
the  road  becomes  strewed  with  stragglers.  Sometimes  the  loss  of  life  has 
been  great. 

The  prevention  of  these  catastrophes  is  eas3%  Place  the  soldier  as  much 
as  pc*ssible  in  the  position  of  the  j)n_ifessional  piedestrian ;  let  bis  clothes  and 
accoutrements  be  adapted  Ui  liis  work ;  supply  him  with  water  and  proper 
foodj  and  excludr-  spirits;  if  unusual  or  rapid  exertion  is  demanded,  the 
weights  must  be  still  more  lightened. 

When  a  soldier  falls  out  on  the  march  he  will  be  found  partially  fainting, 
with  cold  moist  extremities,  a  profuse  sweat  everywhere ;  the  pulse  is  very 
qinck  and  w^eak— oft*?n  irregular  ;  the  respiration  often  sighing.  The  weights 
should  be  removed,  clothes  loosened,  the  man  laid  on  the  ground,  cold  %vater 
d[ished  on  the  face,  and  water  given  to  ilrink  in  small  quantities.  If  the 
syncope  is  very  alarming,  brandy  nuist  he  usetl  as  the  only  way  of  keeping 
the  heart  acting,  but  a  large  quantity  is  dangerous.  If  it  can  bo  obtained, 
weak  hot  brandy  and  water  i»  the  best  under  these  cii-cumstances.  Wlien  he 
has  recovered,  the  man  must  not  march — he  should  be  carried  in  a  wagDQ« 
and  in  a  few  minutes  have  sometliing  to  eat,  but  not  much  at  a  time. 
Concentrated  beef-tea  mixed  with  wine  is  a  ^mwerful  restorative,  just  ns  it  is 
to  woimded  men  on  the  field. 
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2ft//,  Wlien  the  marches  which  singly  are  not  too  loii^  art?  [>rolongecl  over 
many  days  or  weeks  without  due  rest. 

With  proper  halts  men  will  march  easily  from  500  to  1000  mile*,  or  even 
farther,  or  from  12  to  1(5  miles  per  diem,  and  he  all  the  hotter  for  it ;  but 
after  the  second  or  third  -week  there  must  be  one  halt  in  the  week  besides 
Sunday.  If  not,  the  work  begins  to  tell  on  the  men  ;  they  get  out  of 
condition,  the  muscles  get  soft,  appetite  decline^  and  there  mjty  be  even  a 
little  anaemia.  The  same  ett'ecti*  are  prmlured  with  a  niiu'h  le^  quantity  of 
work  if  the  foc»d  is  insufficient.  Bad  food  and  insufficient  rest  are  then  the 
great  causes  of  this  condition  of  body. 

In  such  a  state  of  body  malarious  fevers  are  intensihed^  and  in  India 
attacks  of  cholera  are  more  frequent.  It  has  been  supposed  that  the  body  is 
overladen  with  the  products  of  metamorphosis,  which  cannot  he  oxidised 
fast  enough  to  \m  removed. 

Directly  the  least  trace  of  loss  of  condition  begins  to  be  perceived  in  the 
more  weakly  men  {who  are  the  tests  in  thi^  case),  the  sui^^eon  should  advise 
the  a<Mitiiuml  halt,  if  mOitary  exigencies  permit.  On  the  halt  day  the  men 
should  wash  themselves  and  their  clothes,  and  parade,  but  should  not  drill- 

Ih'fi,  Wlien  sppcial  circuriistanccjs  pr^jduce  diset\ses. 

KxjKisure  to  wet  and  cold  in  temperate  climates  is  the  great  foe  of  the 
soldier.  As  long  as  he  is  marching,  no  great  harm  results ;  ami  if  at  night 
lie  can  have  dry  and  warm  lodgings  he  can  bear,  when  seasoned,  great 
exposure.  But  if  he  is  exp^osed  at  night  as  well  as  day,  and  in  war  he  often 
is  so,  and  never  gets  dry,  the  hardiest  men  wOl  sutfer.  Affections  arising 
from  cold,  such  as  witarrhs,  rheumatism,  pulmonary  inflammation,  and 
dysentery  are  caused. 

These  are  iTicidentiil  to  the  soldier's  life,  and  can  never  he  altogether 
avoided.  But  one  great  boon  can  be  given  to  him :  a  waterproof  sheet, 
which  can  cover  liim  both  day  and  night,  has  been  found  the  greatest 
comfort  by  those  who  have  tried  it. 

Tile  soldier  may  have  to  march  through  in  alar  ions  regions.  The  march 
shijuld  then  be  at  mid-ilay  in  cold  regions,  in  the  afternoon  in  hot  The  early 
nii>rning  marches  of  the  tropics  sliould  bt?  given  up  for  the  time ;  the 
deadliest  time  for  the  malaria  is  at  and  soon  after  sunrise.  If  a  specially 
deadly  narrow  district  has  to  be  got  through,  such  as  a  Tenii,  at  the  foot  of 
hillB,  a  single  long  march  should  he  ordered  ;  a  thoroughly  good  meal,  with 
wine,  should  lie  taken  before  starting,  and,  if  it  can  be  done,  a  dose  of  quinine. 
If  the  troops  must  halt  a  night  in  such  a  district,  every  man  should  take 
five  grains  of  (piinine.  Tents  shonld  be  pitched  in  accordance  with  the  rules 
laid  down  in  the  chapter  on  Camp»,  and  the  men  should  not  leave  them  till 
the  sun  is  well  up  in  the  he4ivens. 

Yellow  fever  or  cholera  may  break  onL  The  rules  in  l>oth  cases  are  tho 
same.  At  once  leave  tlie  line  of  march  ;  take  a  short  mairh  at  right  unglea 
to  the  wund ;  separate  the  sick  men,  and  place  the  hospital  tent  to  leewaiti ; 
let  every  evacuation  and  vomited  matter  be  at  once  disiJifected,  buried,  and 
covered  with  earth,  or  Inirnt,  if  possible,  and  employ  natives  (if  in  India)  to 
do  this  constantly,  with  a  sergeant  toau|>erinteml.  Let  every  duty-man  who 
goes  twice  to  the  rear  in  sLx  hours  report  liimself,  and,  if  the  dL**ease  be 
choleni,  distribute  pills  of  acetate  of  lead  and  opium  tc«  all  the  non-commis- 
sioned officers.  Directly  a  man  who  becomeii  chtileraic  has  used  a  latrine, 
either  almndon  it,  or  cover  it  with  earth  and  lime  if  it  can  be  procured.  If 
car  h  J  lie  acid  or  mercuric  chloride  is  to  l>e  had,  add  a  solution  of  one  of  these 
to  every  8tt>ol  m  vomit. 

If  a  fresh  case  of  cholera  occur  in  camp,  move  tht*  camp,  if  only  for  a  short 
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distance  :  take  care  in  the  old  camp  to  cover  or  burn  everything^  so  that  it 
may  not  prove  a  focus  of  disease  for  others.  The  drinking  water  should  bt 
constantly  looked  to.  In  India  parade  the  bhisties  and  see  that  their  musaocks 
are  empty  :  allow  no  water  to  be  taken  from  the  infected  camp.  A  regiment 
should  never  foDow  one  which  carries  cholera  ;  it  shoxdd  avoid  towns  whett 
cholera  prevails ;  if  it  itself  carriea  cholera,  the  men  should  not  be  allow^ 
to  enter  towns.  Many  instances  are  known  in  India  where  cholem  was  in 
this  way  introduced  into  a  touTi, 

The  men  may  suifer  from  heatstroke.  This  will  generally  l>e  under  three 
conditions.  Excessive  solar  heat  in  men  iinaceustomed  to  it  and  vrron^y 
dressed,  as  in  the  case  of  the  98th  in  the  first  China  War,  when  the  men, 
Jmring  first  landed  from  a  six  months'  voyage,  and  being  buttoned  up  and 
prearing  stocks,  fell  in  numbers  during  the  first  short  march.  A  friend  who 
followed  witli  the  rearguard  infonned  Pr  Parkes  that  the  men  fell  un  their 
faces  as  if  struck  by  lightning ;  on  rutining  up  and  tniULng  them  over,  lie 
found  many  of  them  already  dead.  They  had,  no  doubt,  struggled  on  io 
the  last  moment.  This  seems  to  be  intense  asphyxia,  with  sudtion  failure 
of  the  heart-action,  and  is  the  *^  cardiac  variety  "  of  More  head, 

A  dic^ss  id  idlrvw  perfectly  free  respiiration  (freedom  from  pressure  oncht^t 
and  neck),  and  protection  of  the  head  and  spine  from  the  s\in,  will  generally 
prevent  this  form.  The  head-dres-s  may  he  wetted  from  time  tu  time ;  A 
piece  of  w<'t  papier  in  the  crown  of  the  cap  is  useful.  When  the  attack  hm 
occurred,  c rub!  affusion,  artificial  respiration,  ammonia,  ami  hot  brandy  aai 
water  Ui  act  on  the  heart,  seem  the  best  measures.  Bleeding  is  hurtful; 
perhaps  fatal  Cold  allusion  must  not  be  pushed  to  excess;  but  it  may  have 
to  he  repeated  if  the  temperature  rises. 

In  a  second  form  the  men  are  exposed  to  continued  heat,*  both  in  the  8un 
and  out  of  it,  day  and  night,  and  the  atmosphere  is  still,  and  perhaps  motst, 
80  that  evaporation  is  lej>sened,  or  the  air  is  vitiated.  If  much  exertion  k 
taken,  the  freest  perspiration  is  then  ncce^ary  to  keep  do^^vn  the  heat  of  tbe 
body ;  if  anything  checks  this,  and  the  skin  gets  dry,  a  certain  amount  of 
pyrexia  occurs :  the  pulse  rises ;  the  head  aches ;  the  eyes  get  congested ; 
there  is  a  frequent  desire  to  micturate  (Ixmgmore),  and  gradual  or  sudden 
coma,  with  pcrhajjs  con\^d8ion.s  and  stertor,  comes  on,  even  sometimes  when 
a  man  is  lying  quiet  in  his  tent  The  cjiuses  of  the  interruption  to  perspini- 
tion  are  not  known ;  it  may  be  that  tlie  skin  is  acted  upon  in  some  way  bj 
the  heat,  imd,  from  Ijeing  over-stimulated,  at  last  becomes  uiactive. 

In  this  form  cold  affusion,  ice  to  tlie  head,  and  ice  taken  by  the  moutk 
are  the  best  remedies  ;  perhaps  even  ice  water  by  the  rectum  might  be  tried 
8tiniulant.s  are  hurtful.  Tbe  exact  j^atbology  of  this  form  of  insolation  is 
uncertain.     It  is  the  cerebro-spinal  variety  of  More  head. 

In  a  third  form  a  man  is  exposed  to  a  hot  land-wind  ;  perhaps,  as  maiij 
have  been,  from  lying  drunk  without  cover.  When  brought  in  there  IB 
generally  complete  coma,  with  dilated  pupils  and  a  very  darkly  flushtnl  fnoe. 
After  death  the  most  striking  point  is  tlie  enonnous  congestion  of  the  Itmgii 
which  is  also  marked,  though  less  so,  in  the  other  varieties.  Dr  Parkf» 
stated  that  he  had  never  seen  anything  like  the  enormous  congestion  he  bad 
observed  in  two  or  three  cases  of  this  kind. 

As  prevention  of  all  forms,  the  following  points  should  be  attende<I  to  — 
suitable  clothing;  plenty  of  cold  drhiking  water  (Crawford);  ventiV 
prcduction  in  buildings  of  currents  of  air ;  bathing  j  avoidance  of  ^p*;**.- . 
lessening  of  exertion  demanded  from  the  men, 

^  The  heat  of  Knmly  plains  h  the  worsts  jirohably  trom  the  great  abKorptloa  of  h«al  and 
the  eontinued  ra^Uiitiou,  The  heat  of  the  mn^  }>€r  ae,  u  aot  »o  hiid  ;  on  bcMii\l  ship  hi^tJrtnkt 
is  tuicomnioa. 
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DiUy  of  Medical  Ojficeri  during  Marches. 

Genernt  Dudes  on  Marches  in  India  m*  the  Colonies. — Before  commeiiciiig 
the  murch,  order  all  men  with  sore  feet  to  report  themselves.  See  that  all 
the  men  Imve  their  proper  kit8,  neither  more  nor  less.  Every  man  shoald 
be  provided  with  a  wati»r-1jottle  to  hold  not  lei^s  than  a  piiit.  Inspect  halting- 
grounds,  if  poasible ;  see  that  they  are  perfectly  clean,  and  that  everything  is 
ready  for  the  men.  In  India,  on  some  of  the  trunk  roads  there  are  regnlar 
halting-grounds  fiet  apart.  Tlie  conservancy  of  these  should  be  very  carefully 
looked  to,  else  they  become  nothing  but  foci  for  disseminating  disease.  If 
there  are  no  such  places,  halting-gromida  are  selected.  It  should  be  a  rule 
never  to  occupy  an  encamping  ground  previotialy  used  by  another  corps  if  it 
can  be  avoided  ;  this  applies  t*>  all  cases.  Select  a  ivosition  to  windwaitl  of 
auch  an  old  c^nip,  and  keep  as  far  as  p>08sible  from  it.  The  encampments 
of  the  transport  departmentj  elejiliant^,  camels,  bullock  carts,  &c.,  must  be 
looked  to^ — they  often  are  ver>'  dirty  :  keep  them  to  leeward  of  the  camp, 
not  too  near,  and  see  eiJi>ecia!ly  that  there  is  no  chance  of  their  contaminat- 
ing 8treams  supplying  drinking  water.  If  the  eneampmcnt  is  on  the  banks 
of  the  stTcaiii,  the  proper  place  for  the  native  camp  and  bazaiir  will  always 
be  lower  down  the  stream.  A  medical  oJhcer,  if  lie  can  be  spared^  shoidd  be 
Bent  forward  for  this  pnrjxjse  with  a  combat«mt  officer.  Advise  on  length 
of  marches,  halts,  A:c,,  and  draw  up  a  set  of  plain  rules  t-o  be  promulgated  by 
the  commanding  officer,  directing  the  men  how  t<>  raaoago  on  tlie  march  if 
exixjscd  tij  great  he^t  or  cold,  or  to  long-continued  exertion,  how  Uy  purify 
water,  clean  their  clothes,  <fec.  If  the  march  is  to  last  some  time,  and 
if  halU  are  made  for  two  or  three  days  at  a  time,  WTite  a  set  of  instructions 
for  ventilating  and  cleaning  tents,  regulation  of  latrines,  &c, 

Sitedai  Ditties  for  (he  March  itself. — Inspect  the  breakfast  or  morning 
refreshment ;  see  that  the  men  got  their  colTee,  *fcc.  On  no  account  approve 
of  the  issue  of  a  morning  dram,  either  in  malarious  regions  or  elsewhere. 
Lispect  the  water-casks,  and  see  them  properly  placetl,  so  that  the  men  may 
be  supplied  ;  inspect  some  of  the  men,  to  see  that  the  water-bottles  are  full. 
March  in  rear  of  the  regiment  so  as  to  pick  up  all  the  men  that  fall  out,  and 
order  men  who  cannot  march  to  be  carried  in  wagons,  dhoolies,  ttc,  or  to  b<3 
relieved  of  their  packs,  ttc.  Tlie  medical  officer  with  a  regiment  should 
always  be  in  the  rear.  When  men  are  ordered  either  to  l)e  carried  or 
Ui  have  their  packs  earried,  tiekets  should  be  given  specifying  the  length  of 
time  they  are  to  be  carried.  These  tickets  should  be  prepwiretl  before 
the  march,  so  that  nothing  has  to  be  done  but  to  fill  in  the  man's  name,  and 
tlie  length  he  is  to  be  carried. 

Special  orders  should  be  given  that,  at  the  halt,  or  at  the  end  of  the  day's 
mtirch,  the  heated  men  should  not  imeover  theraselves,  Tliey  should  take 
otr  their  pack  and  belts,  but  keep  on  the  clothes,  and,  if  very  hot,  should 
put  an  their  greatcoata.  The  reason  of  this  (viz.,  the  great  danger  of  chill 
after  exertion)  should  be  explained  to  them.  In  an  hour  after  the  end  of 
the  march  the  men  should  change  their  underidothing  and  hang  tlie  wet 
things  up  to  dry ;  when  dry  they  sliould  be  shaken  well,  and  jmt  by  for  the 
following  day.  Some  officers,  however,  prefer  that  their  men  should  at  onc«* 
change  their  clothes  and  put  on  dry  things.  This  is  certainly  more  com- 
fortable.    But,  at  any  rate,  ex[xigure  must  be  prcventixL 

At  the  end  of  the  march  inspect  the  footaore  men,  Footsoreness  is 
generally  a  great  trouble,  and  frequently  arises  from  faulty  lioots,  undue 
j^ressure,  chafing,  riding'  of  the  toes  from  narrow  soles,  ^c.  Rubbing  the 
feet  with  tallow^  or  oil  or  fat  of  any  kind,  Ixdoro  marcliing,  is  a  common 
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ri?iiiedy.     In  the  late  war  the  Oenniins  foiuid  taimiii  very  useful,- — i 
an  oiiitnKmt  of  one  pfirt  of  tannin  to  twenty  parts  of  zinc  oiiifcinenU     A 
plan  is  to  dip  the  feet  in  very  hot  water,  before  starting,  for  a  tninute  or 
two ;  wipe  them  quite  diy,  then  nib  them  with  soap  (soft  soap  is  the  best) 
till  tht^re  is  a  lather  ;  thrti  put  on  the  stoekiiij^.     At  the  end  of  the  dav,  ii 
the  feet  are  sore,  they  should  be  wii>cd  with  a  wet  cloth^  and   rubbe*l  with 
taUow  and  spirits  mixed  in  the  palm  of  the  hand  (OaltoM).     Pedei 
frequently  use  hot  salt  and  water  at  night,   and  add  a  little  alum.     Tl: 
German  soldiers  use  Fulvw  salicfjlicu^  cum  Tako  (German  Pharmacopcpifl) 
this  i^  salicylic  acid  3  parts,  wlieateii  stfirch  10  parts,  talc  87  piirts  ;  mix 
a  fine  powder ;  it  is  applied  daily  on  the  mareh  ;  in  ganison  evcr>*  2  or 
days.     Sometimes  the  soreness  is  owing  siniply  to  a  bad  sU)eking  ;  this 
easily  remedied.      Stockings  should  be  frequently  w^ushed,    theii  greaaetL 
The  German  troops  use  no  stockings^  but  rags  folded  smooth  over  the  feet 
Tlie  French  use  no  stockings,  but  this  is  not  a  go<:>d  plan.     Very  often  son?- 
uess  is  owing  to  neglected  corns,  bunions,  or  in-growmg  nails,  and  the  sn 
must  not  dei*pise  the  little  surgery  necessary  to  remedy  these  tilings  ;  nothin^^ 
in  fact,  can  be  called  little  if  it  conduces  to  elhciene}^ 

Frequently  men  fidl  out  on  the  march  to  empty  the  bowels ;  the  froq 
with  which  men  thus  lagging  behind  the  coltimn  were  cut  otf  by  Ara^ 
the  French  in  Algeria  to  introduce  the  slit  in  the  Zouave  troiisera, 
require  no  unbuckling  at  the  waist,  and,  take  no  time  for  atljtistnient- 

At  a  long  halt,  if  there  ia  i>lenty  of  water,  the  lx»ots  and  st'Ockinge  slioidd 
be  taken  off  and  the  feet  well  washed ;  even  wijiing  with  a  wet  towel  ii 
very  refresliing.  The  feet  should  always  be  waj^hed  at  the  end  of  the  ixmrcli 
and  dry  sti3e kings  put  on. 

Occasionally  men  are  much  annoyed  wdth  chating  Ijetween  tiie  natns  at 
inside  of  the  thighs.  Sometimes  this  is  simply  owing  to  the  clothes,  hut 
sometimes  to  the  actual  chalhig  of  the  parts.  Powders  are  said  to  be  tlitj 
best^flour^  oxide  of  iciiic,  ami,  above  all,  it  is  said,  fidler's  eartli,  Alisolttt# 
cleanliness  m  here  of  the  first  irnportai:»ee. 

If  blisters  form  on  the  feet  the  men  should  be  directed  not  to  open  them 
during  the  march,  but  at  the  end  of  the  time  to  draw  a  needle  and  thread 
through  ;  the  fluid  gradually  oozes  out.  All  footsore  men  slioidd  be  ordert>d 
to  report  themselves  at  once. 

Sprains  are  best  treated  with  rags  dipped  in  cold  water*  or  c^ld  spirit  mid 
water  with  nitre,  and  l>ound  tolerably  tight  round  the  imrt.  Rest  is  oftoi 
impossible.     Hot  fomentitions,  when  procunible,  will  relieve  painJ 

Mar(;he3,  especially  if  hurried,  sometimes  lead  men  to  neglect  their  bowel** 
and  some  tn5ul)Ie  occurs  in  this  way.  As  a  rule,  it  is  desirable  to  avoid 
purgative  medicines  on  the  line  of  march,  but  this  ctmnot  always  lie  don**; 
they  should,  however,  be  as  mild  as  iwssible. 

Robert  Jackson  strongly  advised  the  use  of  vinegar  and  water  as  a  pefre»h-l 
ing  beverage,  having  probalily  taken  this  idea  from  the  Romans,  who  mid« 
vinegar  one  of  the  necessaries  of  the  soldier.  It  was  prol>ably  used  by  them 
as  an  anti-scorbutic  ;  whether  it  ia  very  refreshing  to  a  fatigued  man  %eems 
imcertain. 

There  is  only  one  occasion  when  spirits  should  bo  issueil  on  a  march : 
this  is  on  farced  marches,  near  the  end  of  the  time,  when  the  exliaustion  ii 
great  A  little  spirit^  in  a  large  quantity  of  hot  water,  may  then  be  useful, 
but  it  should  be  used  only  on  gi'eat  emergency.  Warm  beer  or  tea  is  al*a 
good  J  the  warmth  seems  an  imjxirtiint  point.     RanaUl  Martin  and  Parked 

1  Tlie  fdlowhig  ix  ii  very  good  lotion  for  gpmins  : — eol -ammoniac,  20  grains  ;  vinegar  < 
•pirit,  an  otuictt  or  each. 
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ti'll  us  thai  in  the  most  severe  work  in  Bumiali,  in  the  hot  months  of  April 
and  May,  and  in  tht^  hot  hours  of  the  day,  wanti  ten  was  the  most  refreshing 
he%'erdge»  Tmvellei's  in  India,  and  in  bush  tmvelUng  in  Anstraliii,  have  suid 
there  was  nothing  so  reviving  as  warm  tea.  Che  vers  mentions  that  the  juice 
of  tlie  country  onion  is  naeful  m  lessening  tliirst  during  marches  in  India, 
and  that  in  eai^es  of  heatstroke,  the  natives  u^e  the  juice  of  the  unripe 
mangoe  mixed  with  salt. 

^lusic  on  the  niareli  is  very  invigorating  to  tired  men.  Singing  should 
also  he  encouraged  as  much  as  possible. 

Marching;  in  India. — Marches  take  place  in  the  cool  season  (November  to 
Fchruary),  and  not  in  the  hut  t^r  rainy  seasons,  »^xrept  on  emergency;  yet 
marches  have  been  made  in  hot  wcjather,  without  harm,  when  care  is  taken. 
They  are  conducted  much  in  the  same  way  as  in  coid  countries,  except  that 
the  very  early  morning  is  usually  chosen.  The  men  are  ixjtLsed  at  half-past 
two  or  tliree,  and  parade  half  mi  hour  later  ;  the  tents  are  struck,  and  carried 
on  by  the  tent-beai-ers ;  eoOee  is  served  out,  and  the  men  march  off  by  half- 
j>ast  tlu'ce  or  four,  and  ^^nd  at  half-jMsfc  seven.  Everything  is  mady  at  the 
lialthig-grovmd,  tents  are  pitihed,  and  a  meal  is  prepared.  The  actual  hours 
rif  starting,  &c.,  are  left  to  the  discretion  of  the  officer  commaiuiing. 

Tht^sc  very  early  marches  are  strongly  advocated  by  many,  and  are  opposed 
almost  as  strongly  by  some.  In  the  West  Indies  marching  in  tlie  sun  has 
always  been  more  common  than  in  the  East.  ^lueh  must  depend  on  tlie 
liicality,  and  tlie  prevalence  and  time  of  hot  land-winds.  Both  in  India  and 
Algeria  marrhes  have  been  made  at  night  ;  the  evidence  of  the  effects  of  this 
is  discordant  The  French  have  generally  foimd  it  did  not  answer  j  men 
bear  fatigue  less  well  at  night ;  and  it  is  stated  that  the  admissions  into  lios* 
pitid  have  always  increased  among  the  French  after  night  marching.  Aiines- 
ley's  a\ithority  is  also  against  night  marching  in  India.  On  tlie  other  hand, 
it  is  stjited  by  some  that  in  India  the  march  through  the  cool  moonlight  niglit 
1ms  been  foimd  both  pleasant  and  healthy. 

Aftt*rnoon  marches  (commencing  about  two  hours  before  sunset)  have  been 
tried  in  India,  and  often  apparently  vnih  very  good  results, 

Mankimj  in  Canada.— hi  1814,  during  the  war  with  America;  in  1837, 
during  the  rebellion;  and  in  1861-62,  during  the  *' Trent"  excitement, 
winti'T  marches  w^ere  made  by  the  troops,  in  all  cases  withtiut  loss.  Tlio 
following  winter  clothing  was  issued  at  home :— A  sealskin  C4ip  witli  ear 
lappets ;  a  woollen  comforter ;  two  wtxillen  jerseys ;  two  imr^  of  woollen 
drawers ;  a  chamois  leather  vest  with  arms ;  two  pail's  long  woollen  stock- 

_  to  draw  over  the  Ixjots  ;  sealskin  mits  ;  and  a  pair  of  jackb«x>ts.  In 
Canada  a  pair  of  blankets  and  niocc;isins  were  added/  and,  at  the  long  halts, 
weak  hot  rum  and  water  was  served  out.  A  quarter  of  a  [>otmd  of  meat  was 
adiled  to  the  ration.  A  hot  meal  wiis  given  before  stiirting,  another  at  mid- 
day, and  anotlier  at  night  The  troops  were  extremely  healthy.  During 
exposure  t-o  coM,  spirits  must  be  avoided;  hot  coffee,  tea,  ginger  tea,  or  hi>t 
weak  wine  and  Wiiter  are  the  best ;  it  is  a  g<x>d  plan  t<j  rub  the  hands,  fcet^ 
face,  and  neck  with  oil ;  it  apijeains  to  lessen  the  radiation  of  heat  and  the 
cooling  effect  uf  winds, 

1  8«e  Army  Mfdicat  HepffrtM,  vol.  iv.  p.  378w 
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The  indue  nee  of  the  various  conditions  of  militiiry  life  is  shown   hj  \ 
reconla  of  sickness  and  mortality,  and  this  must  be  noted  in  the  vaiio 
stilt  ioiis. 

The  recruit  having  entered  the  nrnks,  begins  his  service  at  home^  and  1 
is  kept  at  his  depot  for  some  time.     He  sbouJd  not  go  on  foreign  service  \ 
he  has  completed  his  twentieth  year.     We  should  suppose  his  life  would 
a  healthy  one.     It  is  a  muscular,  and,  k»  a  certain  extent,  an  opK?n*air  lij 
yet  without  great  exposure  or  excessive  labour  ;  the  food  is  good,  the  Um 
is  excellent,  and  the  principles  of  sanitation  of  dwellings  are  carefully  prac- 
tised,    AltJiough  the  mode  of  clothing  might  perhaps  be  improved  as  i 
pressure,  still  the   material  is  very  good.     There  is  a  freedom   from 
pecuniary  anxiety  whicli  often  presses  so  hardly  on  the  civil  artisan,  and 
illness  the  soklier  receives  more  immediate  and  greater  care  than  is  tistial 
the  class  from  w^hich  he  conies. 

There  are  some  counterbalancing  considenitions*  In  a  barrack  there  : 
great  compiMsssion  of  the  population,  and  beyond  a  doubt  the  soldier 
greatly  suffered,  and  c\'en  now  si2iiei*s,  though  to  a  far  less  extent  than  il 
any  jirevious  time,  from  the  foul  air  of  barrack  nwms.  This  is  a  danger 
greatly  lessening,  owing  to  the  results  of  the  work  of  the  Barrack  Improve- 
ment Commissioners,  and,  m  is  proved  hy  the  experience  of  some  convict 
jails,  can  he  altogetlier  avoided. 

Among  the  duties  of  the  soldier  is  some  amomit  of  night-work  ;  it  is  certoin 
that  this  is  a  serious  strain,  and  the  Sanitary  Commissioners,  therefore,  in- 
sert^ni  in  the  Mi'dic<ff  Mer^ulatious  an  order  that  the  numlK^r  of  nights  ta 
bed  should  be  carefully  rejxjrted  by  medical  officers.  General  Sir  Frederick 
Koljerts,  G.C.B,,  has  called  marked  attention  to  the  injurious  eifects  of  night 
duty  imd  **  sentry-go.*^  ^  Commanding  officers  should  be  informed  how 
si^rioualy  tlie  guard  antl  sentry  duties,  conducted  as  they  are  in  full  drei^ 
tell  on  tlie  men  if  they  are  tt>o  frequent.  One  guard-day  in  five  is  quite 
often  enough,  and  at  least  four  nights  in  bed  should  be  secured  to  tlie  rataL 
Exposure  during  guard,  and  transition  of  temperature  on  passing  from  the 
lH>t  air  of  the  guanl-room  to  the  outside  air,  are  also  causes  of  tlisease.  The 
weights  and  accoutrements  are  hea\'y,  but  the  valise  equipment  recently  in* 
tro^hiced  has  removed  the  evil  of  the  old  knapsack. 

The  habits  of  the  soldier  arc  unfavourable  to  health ;  in  the  infantry, 
especially,  he  has  much  spare  time  on  his  liands,  and  i^mui  prej^sos  on  him. 
Kniiiii  is,  in  fact,  the  great  bane  of  armies,  though  it  is  less  in  our  own  than 
in  many  others.  It  is  said  \m  weigh  heavily  on  the  German,  the  Husaian,  and 
even  on  the  French  Army.  Hence,  indeed,  jiart  of  the  restlessness,  and  one 
of  the  dangers  of  large  standing  armies.  The  Romans  appear  to  have  avoided 
this  danger  by  making  their  distant  legions  stationary,  and  permitting  mar- 
riago  and  settlement — in  fact,  by  converting  them  into  mihtary  colonies 

>  NinttcttUh  Century,  Nov,  18S2. 
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[We  avoid  it  in  part  by  our  frequent  changes  of  place,  and  our  colonial  and 

"an  service;  bnt  not  the  less,  both  at  Lome  and  abroad^  do  idleiieiis  and 
ennui,  the  parents  of  all  evOs,  lead  tbe  soldier  into  habits  which  sap  his 
health,  Xot  merely  excessive  smoking,  drinking,  and  debaucher3%  ^^^  ^ 
the  tropics  mere  lousiness  and  inertia,  have  to  he  combated.  Much  is  now 
being  done  by  e^^tabli^hing  reading-rooms,  trades^  indnstrial  exhibitions,  &c., 
and  by  the  enconragement  of  athletic  sports  to  occupy  spare  time,  and 
already  good  results  have  been  proiluced. 

The  establishment, of  trades,  espefiidly,  which  will  not  only  interest  the 
Boldier  but  benefit  him  pecuniarily,  is  a  matter  of  gi-eat  importance.  It  has 
long  l>eeQ  asked  wh}^  an  army  should  not  do  all  its  own  work  ;  give  the  men 
the  hope  and  opportunity  of  benefiting  themselves,  and  ftinui  would  no  longer 
exist.  In  India  Lord  Btrathnairn  did  most  essential  service  by  the  esiab- 
lishment  of  trades  ;  and  the  system,  after  long  discussion  and  many  rej>ort% 
is  now  being  tried  in  England. 

One  of  the  proofs  of  ability  for  command  and  administration  is  the  power 
of  occupying  men,  not  in  routine^  but  in  interesting  and  pleasant  work,  to 
such  an  extent  that  rest  and  idleness  may  be  welcomed  as  a  change,  not  felt 
as  a  burden.  Constant  men  till  and  much  bodily  movement  is  a  necessity 
fiir  all  men  ;  it  is  for  the  officeis  to  give  to  their  men  an  impulse  in  the 
proper  direction. 

The  last  point  which  probably  makes  the  soldier's  life  less  bcjilthy  than  it 
WTJuld  otherwise  be  is  the  depressing  moral  effect  of  severe  and  harassing 
discipline.  In  our  own  army  in  former  years  it  is  imiK>ssible  to  doubt  that 
distapline  was  not  merely  unnecessarily  severe  but  was  absolutely  savage. 
An  enlightened  public  opinion  hixs  gradually  altered  this,  and  with  good 
commanding  ollicers  t!ie  discipline  of  some  regiments  is  probalJy  nearly 
perfect,  that  is  to  say,  regular,  systematic,  and  unfailing,  but  frum  iLs  very 
justice  and  regularity,  and  for  its  judiciousness,  not  felt  as  irksome  and 
oppressive  by  the  men. 

The  genenil  result  of  the  life  at  home  on  soldiers  must  now  be  con- 
sidered* 

It  is  by  no  means  easy  to  say  whether  sohliers  enjoy  as  vigorous  health  as 
the  classes  from  which  they  are  drawn  ;  the  comparisun  of  the  numher  of 
sick,  or  of  days'  work  lost  by  illness  by  artisans,  cannot  be  raaile,  as  soldiers 
iiften  go  into  hos]:iita!  for  slight  ailments  which  will  not  cause  an  artisan  to 
give  up  work.  The  comparative  amount  of  mortality  soems  the  only  avail- 
able test,  though  it  cannot  be  considered  a  very  good  one. 


SECTION  L 

ARMY  STATISTICS.^ 

At  the  close  of  the  Peninsular  War  in  1814  Sir  James  MHliH^gnr  com* 
menced  the  collection  of  the  statistics  of  disease  and  mortality  in  the  English 
Army,  and  during  the  course  of  the  next  twenty  years  a  great  amount  of 
valuable  evidence  was  accumulated.  In  1835  Dr  Henry  Marshall  (one  of 
the  most  philosophical  surgeons  who  has  ever  served  in  the  English  Arruy) 
commenced  to  put  these  returns  into  sliape,  and  the  late  Major-Cleueral  Sir 
^  JLlexander  Tulloch,  K.C.B.  (at  that  time  a  lieutemmi  in  the  45th  Regiment, 


*  Thift  ftliort  jiunimory  of  thi*  lii«tory  of  th<3  Army  Statuitical  R«pofU  U  cbiefly  taken  from 
th«  ble  Dr  BolTotir's  lux^oua^  iu  Umj  Aru^jf  Medici  Report  for  1S60,  p.  liSl. 
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employed  in  tlic  War  Oliice)^  was  iistioeiated  with  him.  In  the  following  joit, 
on  the  TotiremtMit  of  Dr  Marshall,  the  lak^  Ih  Balfour,  F.R.S.,  was  appointal 
as  his  su(*cpssc»r,  and  in  conjunction  with  Sir  A.  Ttilloeh  brought  out  thea^rie* 
of  reports  on  the  Ik^hIUi  of  the  army  wliich  have  had  such  influence,  not 
nieroly  on  the  cause  of  tlio  sickness  and  mortality  among  soldiers*  but 
indijecily  on  those  of  the  civil  population  also.  In  1838-41  reports  were 
issued  of  the  following  stations: — United  Xingdoni,  MciUterranf^an,  anJ 
British  America,  West  Indies,  Western  jyrica,  8t  Helena,  Cape,  Maurittus, 
Ceylon,  and  Tenasserim. 

These  returns  inchidcd  the  years  181T-1836.  In  1853  another  report* 
contiiining  the  stations  of  the  troops  in  the  United  Kingnlom,  >te<iit<*T' 
raneau,  and  liritisli  .\mcrica,  inchiding  the  years  1836-1846,  Wivs  prepared, 
and  in  addition  to  the  statistical  annlysis,  short  hnt  most  graphic  and  com- 
prehonsive  toiwgnipliical  and  clhnatic  aceomits  of  the  difiVTent  stations  were 
^ven. 

The  ellect  of  these  severed  reports,  and  especiaUy  of  the  earlier  issui^ 
was  to  direct  the  attention  of  the  tlovernmcnt  butli  t<j  the  fact  of  an 
enormous  sickness  and  mortality,  and  to  its  causes,  iind  then  commenced 
the  gradual  series  of  imi>rovemetits  wliich  at  a  later  period  were  ui^ged  on 
by  lAjnl  Herbert  with  so  much  energy. 

The  Russian  War  of  1854-1855  prevented  any  further  publication  until 
1859,  when  yearly  reix>rts  were  commenced  by  Dr  Balfour,  and  have  hern 
regidarly  issued  since.  In  the  report  for  1860  a  summary  was  given  of 
the  earlier  and  later  mortality  of  the  different  stations  lielon^  and  alter 
1837,  which  showed  a  remarkable  diilerence  in  favour  of  the  hitcr  periods 
as  regards  Ixjth  sickness  and  mortality. 


Sub-Skction  I. 

With  resiTcnt  to  soldiers,  in  time  of  peace  ^  the  statistical  evidence  ia  require<l 
1x>  show  the  amoimt  of  heneht  the  State  receives  from  its  soldiers,  and  the 
amount  of  loss  it  sullbrs  ye^iriy  from  disease.  Tables  should  therefore 
show — 

L  The  anunrnt  nf  loss  of  strength  a  definite  nmnber  of  men  in  each  ann 
of  the  service  suifers  in  a  year — 

(fi)  By  deaths,  or,  in  other  words,  the  mortahty  to  strength. 

{b)  By  invaliding  from  disease,^  for  if  this  is  not  regardi-d^  different 
systenm  and  modes  of  invalidhig  may  entirely  vitiate  any  conchisions  drawn 
from  the  mortality. 

The  groups  thus  formed  must  be  again  subdivided,  so  as  to  ahow — 

(a)  Tlie  ixumg  of  death  or  invaliding. 

{h)  The  ff//f^•  of  those  who  die  or  who  are  invalided. 

(f)  Their  letttjtk  of  service.  It  is  of  great  importance  to  determine  tli*» 
iuHueuce  of  service  in  every  year,  and  these  groups  should  he  again  divided 
by  agfs. 

2.  Tlie  iom  of  effective  service  a  definite  number  of  men — say,  1000  men  in 
each  arm — suffers  during  a  year.     This  ia  best  expressed  as  follows  : — 

(a)  27ie  total  mtmher  of  cases  of  disease  in  a  year,  t.c,  the  number  of  ad- 


1  LtKSJ*  hy  purcbtt^i  of  diiKiliarge,  t^xpiration  of  tenii  of  (iM«rvice»  imprisoniucnts  - 
diamiiisaliH  frrnu  tlie  uniiy,  must  alKo  hf  put  under  separate  beddings  ;  but  toe  mfitlioii  rnii'  ; 
lUM  notbing  to  do  witb  tijis  jwiut,  tfxtept  to  S49ti  th&t  gucli  am^B  tru  not  uoufutitidefl  with  a- 
Viliding  from  iIiNeAtte. 
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missions  to  hospital  per  annum.  It  mUBt  be  imderstood  that  this  does  not 
express  the  number  of  men  admitted,  as  one  man  may  be  adnoitted  two,  three, 
or  even  ten  times  with  the-  same  disease  :  each  luimission  eounts  as  a  fresh 
case.  It  is  iniportimt  to  have  another  table  showing  the  number  of  men 
admitted  for  tlitFerent  diseases,  or,  in  other  wortls,  the  number  of  cases  of 
readiiiission  for  the  same  disease.  The  actual  number  of  cases  treated  in  a 
period  may  be  obtained  from  the  mean  of  the  admissions  and  discharges. 

(6)  l^htf  numbtr  condatdly  dck  on  an  average.  This  is  often  called  the 
sick  populaiiony  and  is  obtiilnod  l>y  adding  up  the  nnmber  of  days  each  num 
was  mider  treatment^  and  dividing  by  365,  or  366  in  leap  year. 

{c)  The  average  number  of  days'  sickness  to  each  soldier.  The  nnmber  of 
the  sick  population  (that  is,  the  number  constantly  sick),  multiplied  by  365 
and  di^'ided  by  the  strength,  gives  the  number  of  days'  sickness  to  each 
soldier. 

{d)  The  mortality  in  relation  to  sickness. 

The  group  constituted  by  the  sick  must  then  be  subdivided  by  diseases, 
and  lesser  groups  must  be  made  by  distributing  the  caxises  of  sickness  and 
deaths  under  a|^es  and  length  of  service. 

There  are  a  few  points  wliicli  require  attention.  The  amount  of  sickness 
and  mortality  is  calculated  on  tlie  mean  strengtli,  that  is,  ihe  number  of  men 
of  a  regin;ient  present  at  a  certain  station  on  tlie  muster  days,  divided  by  tlie 
numl>er  of  muster  days.  But  it  must  !)e  understootl  that  this  includes  the 
sick  men  in  hospital  as  w^ell  as  the  healthy  men,  and  therefore  does  not  per- 
fectly express  the  amount  of  disease  among  tlie  healthy  men.  iilso,  some- 
times the  muster  rolls  of  a  regiment  inchide  men  on  detachment  at  some 
distance,  wliose  sickness  is  not  attributable  to  the  headquarters  station.  The 
French,  in  their  ^Vnny  Statistical  Kcturns,  make  tivo  headings,  one  of  "  mean 
strength  "  {efectif  Jiwyen}^  and  the  other  of  "  present "  (pr^ents),  the  men  in 
hospital  not  being  included  in  the  latter.  Moreover,  in  the  French  Army 
nearly  one-sixth  are  always  absent  on  leave  ;  and  the  dc^iths  of  those  on  leave 
are  included  among  the  army  deaths,  but  the  sickness  is  not  so,  Con- 
sequently sickness  haij  to  he  calculated  on  the  number  not  on  le>ave  ;  deaths, 
on  the  total  strength.  In  the  French  Army  ofHcers  are  included  with  the 
men ;  in  the  Enj^lish,  separate  returns  are  made. 

It  is  often  ditficult  to  get  the  mean  strength  if  there  are  many  changes  of 
troops,  and  instances  of  erroneous  calculations  from  this  cause  are  not 
uncommon.'^ 


1  Tbe  foUowing  U  one  whicli  the  lute  Dr  Balfour  Has  given.  It  will  l>e  seen  that  an  unheal ihy 
Btiition  (Maiiulipatam)  in  India  is  up&ditoil  witlt  a  niueli  grouter  degree  of  health  than  it  roally 
WAS  entitled  to,  and  the  onuexctl  extrai:t  from  Dr  Balfour's  paper  (Edin.  Med.  and  Sufff, 
Jfftti'^  No,  172)  shows  cJe^ly  liow  the  mistAke  arose  : — 

**  Ta©  [Madraa]  Medical  Board,  in  submitting  to  Government  the  table  from  which  th«fi« 
ttgunsa  are  computed ,  stated  that  the  ratio  o!  mortality  amoog  all  the  Garopean  regiments 
in  thii  PrMideocy,  from  January  1813  to  Decerulnfr  1819,  wm*  SiSfK)  per  ceut,;  whilst  that  of 
the  reffimoiiti  mt  MaAultpAtam,  from  1813  to  1S32  JULlutiive^  was  5100  per  cent.  They  then 
a«lil-^'The  rate  of  mortaltty  having  been  somcwliat  lower  tlian  throughout  the  real  of  ihe 
Presidency  for  iuch  a  period^  gtvee  reason  to  conclude  that  the  station  cannot  be  conRitleretl 
under  onlinary  circtinuttaaces  an  uahealthy/  Now,  the  Board  appe&rs  to  have  arrived  at 
this  eourluflioQ  from  ad  error  in  the  mode  of  ealcalatine;  the  ratio.  In  neveral  of  the  year»i 
between  1813  and  1832  the  regiments  were  (juartereci  at  3la!iu1ii>ntain  duriti^  part  of  the  yejur 
only.  Jt  nuiftt  l)e  obvioiifl  to  any  one  conversant  with  the  prineiide*  of  statistics  that  in  such 
ft  ca»c  a  pro[>ortkm  of  the  annual  streti^^h  only  f<bouifl  lie  Uikeu  correspoadiiig  witli  tliu 
perioii  for  which  the  regiment  wa£  quart^n-nl  there.  Thus,  if  the  peritxi  wa*  nine  tnotithn, 
the  Hickne,«w  and  inortJLfity  ahould  be  calculated  on  three- fourths  of  the  strength  ;  if  eight 
months,  on  two-thirds,  and  so  forth.  The  Board,  however,  have  made  the  calculation  in 
every  instance  on  the  average  annua)  stTeiigtb  without  any  such  deduction.  Had  the  neoe»- 
Mjy  ooTTBCtiou  been  made,  the  death.-*  from  1815  to  1832  wotild  hav«  been  found  to  avenge 
d'Wi  per  cent  annually,  instead  of  5'100  m  above  fttated.** 
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In  calculating  also  the  effect  of  age  and  length  of  service  upon  diaease  m^i 
mortality,  it  is  necessary  to  know  not  only  the  ages  and  length  of  service  of 
the  sick  men,  but  of  the  healthy  men  also,  and  to  calculate  out  the  propor- 
tion of  the  Bick  to  the  healthy  at  that  particular  ago  or  length  of  service, 
otherwise  very  erroneous  conclusiona  might  be  drawn.  For  example^  it 
might  appear  that  sick  men  under  twenty  years  of  age  were  very  numep^ti^ 
in  proportion  to  other  years,  but  in  a  very  young  army  the  greater  numhet 
of  the  force  might  be  of  this  age.  Care  is  necessary  in  all  these  point* 
to  arrive  at  correct  conclusions. 

Sub-Section  II, — Statistics  ik  Wak, 

In  time  of  war  the  statistics  must  he  slightly  altered  in  form,  though  the 

ae  in  principle.  The  object  is  to  show  as  completely  as  possible  to  the 
General  in  command  wTiat  amount  of  loss  his  army  is  sufieriiig  at  the 
moment,  and  to  what  extent  it  may  be  expected  to  suffer,  and  also  what  aw 
the  causes  of  such  sickness. 

The  sickness  here  must  not  oiily  be  calculated  on  the  mean  strength 
(which  will  include  the  men  in  hospital),  but  also  on  the  healthy  men,  or 
those  actually  under  arras  and  effective.  If  the  sick  are  counted  in  the 
strength,  the  sickness  of  the  army  may  he  much  understated-  What  a 
General  wants  to  know  with  regard  to  sickness  will  he  these  j>oints — 

L  How  many  men  are  being  lost  daily  from  the  rank  and  file  actually 
servitig  with  the  colours  ? 

2.  How  many  are  replaced  by  discharge  from  hospital  ? 

3.  Wliat  is  the  halmice,  gain  or  loss  ? 

4.  If  the  effective  force  loses  daily,  when  this  balance  is  struck,  such  a 
percentage,  what  will  be  its  loss  of  strength  in  a  week,  in  four  weeks,  in  six 
weeks  ]  &c. 

5.  What  are  the  causes,  t.f.,  what  are  the  disease.^  which  are  causiiig  thift 
sickness^  and  how  arc  they  affected  by  special  circunistances  of  age,  par- 
ticular service  or  corps,  or  other  causes  t 

The  mortality  in  war  should  he  calculated  on  the  mean  strength,  that  is, 
on  the  total  number  of  healthy  and  aick,  and  also  on  the  sick  alone,  so  as 
to  represent  both  the  loss  of  the  army  and  the  fataHty  of  the  aickneas^ 


SECTION  XL 

THE  LOSS  OF  STRENGTH  BY  DEATH  AND  INYALIDING 

ON  HUME  SERVICE. 

By  Death. 

It  is  to  be  understood  that  the  mortality  is  here  reckoned  on  the  strength, 
that  is,  on  the  total  number  of  healthy  and  sick  persons  actually  serving 
during  the  time.     The  mortality  on  the  sick  alone  is  another  matter. 

From  the  Piirliamcntary  Statistical  Returns  of  the  Array  (1840  and  185S, 
w^hich  include  the  years  1826-1846),  w^e  find  that  the  mortality  among  tho 
C4ivalry  of  the  line  was  at  that  time  about  ^d  more  than  among  the  civil 
male  population  at  the  same  age  (nearly  15  to  10™  per  1000);  among  the 

1  In  nudity  the  dcAtha  from  the  civril  m&le  popaUtioo  of  the  soldiero*  ages  (20  to  10)  w^tv 
below  teii|  nod  in  the  hmlthy  districts  much  wlow;  the  cam  agamst  the  soldier  ii,  Uunfan^ 
evtn  worse  than  it  nsuds  in  the  text. 


DEATH    AND   INVALIDING. 
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focii  guards  it  was  more  tlattn  tlouhle  (very  nearly  20|  per  1000  as  against 
10);  among  the  infantry  of  the  line  it  was  |ths  more  (or  18  per  1000  as 
against  10). 

The  State  was  thus  loeing  a  large  body  of  men  annually  in  excess  of 
what  would  have  been  the  case  hrid  there  been  no  army,  and  was  therefore 
not  only  suiiering  a  losa,  but  incurring  a  heavy  responsibility. 

In  the  splendid  men  of  the  Household  Brigade,  di^eaacs  of  the  lungs 
(mcluding  phthisis)  accounted  for  no  less  than  67 '7  per  cent,  of  the  deathsj 
In  the  iiavalry  of  the  line  for  nearly  50  per  cent.,  and  in  the  infantry  of  the 
line  for  57  per  cent.  ;  while  among  the  civil  population  of  the  soldier's 
age  the  proixirtion  in  all  England  and  Wales  was  only  44  5  per  cent,  of 
the  tot^d  dciiths.  The  next  cJuef  causes  of  deatli  were  fevers,  which 
accounted  in  the  different  anns  of  the  service  for  from  7  to  14  per  cent, 
of  the  toUd  deaths.  The  remainder  of  the  causes  of  deaths  were  made  up 
of  smaller  it^ms. 

These  remarkable  results  were  not  peculiar  to  the  English  Army.  Most 
armies  did,  some  still  do,  lose  more  than  the  male  civU  population  at  the 
same  age.     The  following  are  the  most  reliable  statistics :  ^ — 


Fnmce  (1823),         ... 
France  fPaixhana,  1840), 
France,^  mmn  of  19  jmT9  (1862-S2), 
Fran€«  {1880-84).    ,         .         .         . 
France  (1884),  .... 

Belpan  (1888) 

French  in  Algeria  (1846), 

(1862-82),»  . 
PrusHiaii*  (1846-1863,    excluding  \ 

officers) / 

Prusaian  (1869),      ,         .        ,        .     6'10 
Oemmn  Anny  (including  the  Saxon  \     > .«/, 

*nd  Wiirtemberg  corpa,  1876),      /    ♦  ^« 


AnnyLoftB 
P«T  1000. 
,  28-3 
19  9 
9*63 
10*2 
7-64 
9*80 
64 
1516 


9-49 


German  (1874-^1), 
Russian  (serieu  of  years), 

„       (1857-1866),     . 

„       (1871-84), 

„       (1880-81), 
Aufitriim 

M        (1869),  .        .        . 
(1876-81),*     . 
Piedmontese  (1869),      . 
Italian  (1888),       . 
Diaited  States  (before  the  war), 
Portuguese  (1851-63), 


Arm  J  LoM 
per  J  000. 
4*95 
.    39 
.    18-7 
.    14-28 
.    10-60 
.    28 
.    11-58 
.    10-30 
.    16 
.      8-7 
.    18-8 
16-5 


Danish,        .....      9*5 


The  old  Hanoverian  Army  was  very  healthy,  loaing  only  5*3  per  1000  aa 
against  9*5  among  the  civil  population  of  the  same  ages. 
.  In  these  foreign  armies  the  same  rule  holds  good  ;  fevers  (elaefly  enteric 
'^in  all  prohability)  and  phthisis  were  the  great  caiLses  of  mortality.  In 
Prusaitt  phthisis  formerly  caused  27  per  cent,  of  the  total  mortality^  but 
in  that  army  phthisical  men  are  sent  home,  and  after  n  certain  time  are 
Bti-itnk  oft'  the  rolls,  so  that  the  army  deaths  are  thus  fewer  than  they 
would  he  if  the  men  died  with  their  regiments.  In  Austria  phthisia  caused 
25  deaths  out  of  every  100;  in  France  22*9,^  while  in  1859  the  pro- 
portion among  the  civil  population  was  17*76;  in  Hanover,  39*4  ;  and  in 
Belgium,  30 ;  though  in  the  latter  country  the  proportion  among  the  civil 
population  was  only  1897  deaths  from  phthisis  per  100  of  all  deaths.  In- 
Portugal  the  mortality  from  phthisis  constituted  22  per  cent,  of  the  deaths,* 
while  in  the  civil  population  the  deaths  are  12  per  cent  of  the  total  deaths. 


1  Meyne,  EUmmU  de  StaL  Mid.  MUitaire,  1859,  giv«s  soin^  of  IheM  fignns;  others  «fo 
taken  from  the  reports  of  the  different  inni«ft. 

*  1870-71  omitted. 

I     *  Dr  Engle,  iu  JiL  det  KdniqL  Prtunkh.  SUit  Bureaus,  Atig.^ept.  1865,  p.  214, 

*  If  we  omit  1879,  nn  exceptional  year,  the  mean  is  only  9 '40. 

>  Thin  wa«  iu  1860 ;  cah'uLvted  from  Laveroa*!*  returns  from  eleven  of  the  great  garri- 
aona.  In  the  wbole  French  Army  (including  Algeria,  Tnnia,  Ace.)  the  mean  for  10  yearB 
(1873-82)  WM  26*5  per  lOO  dijathii. 

*  Mart|ues,  reviewed  in  an  eiceMeul  article  in  the  Jh'Uish  and  Fpmign  Mtdm-Chir.  Mmm 
for  April  1868. 
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In  the  Gennan  Army  in  1876  only  16  per  cent  were  from  phihisk. 
these  armies,  abo,  fevers  caused  a  greater  number  of  the  deaths  than  in  i 
English  Army,  even  in  the  period  referred  to.     Iti  Prussia,   36  (reduced 
1876  to  20) ;  in  France,  26  ;i  in  Belgium,  16*6 ;  and  in  Hanover,  23*68 
cent,  of  all  deaths  were  from  fever  (enteric  ?).     In  Portugal  only  3*9  deati 
are  from  enteric  fever  out  of  every  100  deaths;  this  is  owing  to  its 
in  the  country  districts ;  it  ia  common  in  Lisbon . 

Nothing  can  prove  more  clearly  thsit  in  all  iheAt  aniiie^  the  same 
were  in  action.     And  from  what  has  been  said  in  previous  chapters,  it  i 
be  concluded  that  the  reason  of  the  predominance  of  these  two  classes — k 
diseases  and  enteric  fever — ^must  be  sought  in  the  impure  barrack  air  and  ] 
the  defective  removal  of  excreta. 

The  Crimean  War  commenced  in  1854  and  ended  in  1856.  A  large 
of  the  first  army  was  destroyed,  and  a  fresh  force  of  younger  men  took  iH 
place.  Soon  aftt^r wards  the  great  sanitiiry  reforms  of  I^ord  Herbert  con 
menced.     In  1859  yearly  statistical  returns  began  to  be  publishexL 

The  mortality  of  all  arms  has  midergone  an  extraordinary  decrease  horn 
that  of  the  former  period. 


Mortality  per  1000  per  Annum  m  United  Kingdom. 


From  All  CliuM. 

From  U\»cjum  atonn  <t«., 
excluding  vloleni  dfclA^ 

Mtnii  of  ten  years,  1861-70,    . 

0*45 

8-534 

,,       1870-79,    . 

8-18 

„       1878-87,   . 

6-62 

1888,   .... 

6 -52 

4*72 

The  diminution  over  the  years  previously  noted  ( 1826-46)  is  e^traor 
Three  causes  only  can  be  assigned  for  itr^-the  youth  of  the  army  and  a1 
selection  of  men  ;  or  a  partial  removal  of  the  causes  of  diseaseis ;  or  eadii 
invaliding,  and  the  action  of  the  Limited  Enlistment  Act^  so  as  to  throli 
the  fatal  cases  on  the  civil  population. 

The  question  of  age  wtvs  examined  and  disposed  of  by  Dr  Balfour, 
showed  that  the  youth  of  the  ai-my  did  not  account  for   the  le 
Selection  has  always  been  made  with  equal  care ;  and  invaliding^  the 
it  certainly  has  been  greater  of  late  years,  does  not  appear  to  have 
in  excess  suflkicnt  to  account  for  the  lessening.     There  can  be  no 
then,  that  the  great  re^sult  of  diminishing  hy  two-thirds  the  yearly  loss  i 
army  by  disease  has  been  the  work  of  Lord  Herbert  and  the  Royal  f 
Commission. 

It  will  be  observed  that  the  amount  of  the  mortality  in  the  French  , 
was  also  singularly  lessened  from  1S46  to  1862  and  1863  and  later  ye 
and  Ibis  is,  no  doubt,  owing  to  the  sanitary  precautions  taken  in  that  anny. 
There  has,  however,  latterly  been  a  great  prevalence  of  enteric  fever,  but  i 
getic  measures  are  being  taken  to  secure  pure  water  supplies,  and  improve 
drainage  arrangements. 

Of  the  diilerent  arms  of  the  service,  the  cavalry  are  healthier  than  the  ; 
fantry,  the  mortality  for  10  years,  1878-87,  being  5-26  and  5'87  per  IC 


I  Laveran,  in  1860.  niatle  Ibe  namber  25 '9  in  tlie  deaths  from  deTen  g&nisonft.     In  1853 
tke  mortality  from  enteric  fever  in  the  French  Army  vfos  1-87  deaths  per  lOOO  of  effei 
France,  1'63  in  Algeria,  imd  3  55  in  Italy.     In  1S66  the  mortality  was  1-46  ia  F 
Aleeria,  and  2'26  m  Italy.     In  187fl^  lor  the  whole  French  Array,  th«  death*  i 
1000  of  strenffth  ;  iudurting  4  71  in  the  government  of  Paris,  and  20-12  in  Tuma^     la  1 
0-86,  and  in  Italy  1-90  jjer  1000  (AmoaldT. 
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respectively  ;  while  artillery  (7*27)  and  engineers  (7-34)  show  an  increased 
mortality ;  the  officers  always  show  less  mortality  than  the  non-commissioned 
officers  and  privates,  and  the  non-commissioned  officers  less  than  the 
privates.  In  different  regiments  there  is  often  a  singular  difference  in 
the  mortality  in  a  given  year,  but  this  is  usually  easily  accounted  for,  and  in 
a  term  of  years  the  differences  disappear. 

Comparison  with  Civil  Population. 

This  gross  mortality  must  now  be  compared  with  that  of  the  civil  popula- 
tion.    In  England  the  gross  male  civil  mortality  at  the  soldier's  age  " 


MortaUtyperlOOOof 

PopiUatioii. 
1871-80.  1888. 

From  20  to  25  years  of  age 7*32  5'4 

26  to  35  „  9*80  7*2 

85  to  45  „  18-74  117 

The  soldier's  mortality,  taken  as  a  whole,  is  therefore  under  that  of  the 
civil  population,  but  then  there  is  invaliding,  and  some  uncertain  addition 
should  be  made  to  the  mortality  on  this  account. 

Comparing  the  soldier's  mortality  (for  a  ten  year  period,  1878-1887,  age 
20-25,  and  invaliding  being  disregarded),  wiUi  trades^  at  the  same  ages 
(1871-1880),  he  is  now  healthier  than  carpenters  (4*86),  cotton-spinners 

i6'61),  shoemakers  (5*73),  coal-miners  (6-18),  tailors  (6*79),  and  publicans 
7-81). 

Influence  of  Age  on  Mortality  in  the  Army, 
The  following  table  gives  the  ratios  per  1000 : — 

lJ^-«).  aa-26.  26-ao.  80-«5.  s^-io.  ^^^s. 


1878-1887 

1888 

8  15 
3-43 

6-28 

6-44 

4-70    6-23    9-99    14*78    23-85 
4-75    6-54    9-28    1445     19-35 

Civil  male  population  (1871-1880), 

7-32          9-30               13-74 

French  Army  (1875-82), 

9-01                8-69          12-46 

The  number  of  soldiers  under  20  years  of  age  is  so  small  that  no  con- 
clusions can  be  drawn ;  but  it  would  appear  that  from  20  to  35  the  mortality 
is  favourable  to  the  soldier,  but  after  that  the  proportion  is  reversed,  and  the 
soldier  dies  more  rapidly  than  the  civilian.  And  if  to  this  we  call  to  mind 
the  invaliding  from  the  army,  it  seems  clear  that  a  prolonged  military  career 
is  decidedly  injurious,  either  from  causes  proper  to  the  career  or  to  personal 
habits  engendered  in  it. 

C antes  of  Mortality, 

In  order  to  see  the  principal  causes  of  the  six  or  seven  deaths  which  occur 
annually  among  1000  men,  the  following  table  has  been  calculated  from  the 
Army  Medical  Reports  : — 

I  ThO%\t/mih^SiApplemefUU>ih€A!bth  Report  €fih€lUgiHrar-aener^  See  also 

Newsholme's  Vital  Stattsties, 
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Causes  of  Mortality} 


Dl«««ei. 

15^ 

Hi 

III 

If! 

l! 

111 

|»   1 

If" 

iP 

!l 

III 

1 

*  1 

1- 

III 

^ 

pi 

II 

Fhtlikb    and 

) 

tabercular 

>2'fi4a 

so-se 

2-29 

29-0 

2-08 

30-9 

1-47 

26*0 

1-23 

22-2 

dis^e,     , 

J 

CirculiLtory 

I  1-462 

1     0'77T 

1671 

1-17 

14  ■» 

0-66 

9-8 

0-45 

7^ 

0  41 

7-4 

PnoumoniA, . 

8-88 

1^341 

17*0= 

1-30 

19-3 

0-89 

151 

0-85 

15-4 

Violent  deathi 
Suicide, 

0598 
0-288 

6-£4 
3*30 

f*6l 

0-21 

77 
27 

\  0-83 

12*3 

079 

13-4 

0*80 

14-5 

Diseases  of  the  ) 

1 

nervous  sys-  i  \  0*576 

6*58 

6-54 

e-e 

0-46 

6*8 

0^42 

7-1 

0-49 

8-8 

tenii  - 

J 

Coatinaed 

fevere^cliiefly 

I  0-405 

4-63 

6-30 

3-B 

0-30 

4-4 

0-40 

6-3 

0^3* 

6-1 

enttiric^ 

Broncliitb,  . 

0-167 

191 

...« 

...3 

t 

...^ 

0-12 

2-0 

0^7 

li! 

Alcoholism, . 

0-069 

0  80 

.,.* 

..,s 

»*.s 

..a 

0<I6 

1*0 

0-03 

0^  , 

AU   otlier 

}  1-756 

20^)7 

142 

18*2 

1-10 

18-3 

1 

1-27 

21-6 

1-30 

23-5 

1.  Tubercular  Diseases, 

The  deaths  from  phthisis  and  hsemoptysis  in  the  eight  years  ending  1866 
averaged  3*1  annually  per  1000  of  strength,  the  highest  annual  ratio  being 
3-86,  and  the  lowest  1*95.  From  1867-1888  the  death-rates  are  shown  in 
the  table.  In  addition  to  this  there  was  invaliding  for  phthisis,  and  thus  a 
certain  number  of  deaths  were  transferred  from  the  army  to  the  civil  popu- 
lation. The  following  table  shows  the  exact  number  in  four  branches  of  the 
service  (two  cavalry  and  two  infantry)  in  seven  years : — 

Table  to  show  the  Deaths  and  Invaliding  per  annum  from  Phthisis  and 
Hcemoptysis  in  Household  Cavalry^  Cavalry  of  the  Line,  the  Foot  Guards, 
and  Infantry  of  tlie  Line  {mean  of  seven  years,  1864-70). 


Phthisis  and  Hsemoptysis, 

taken  from  Ahstract  In 

Appendix  to  Dr  Balfour's 

Report. 

Household 
Cavalry. 

Cavalry  of 
Line. 

Foot 
Guards. 

Infantry  of 
Line. 

Died  per  1000, 
Invalided  per  1000, . 
Total  died  and  in-  \ 
valided  per  1000,  j 

3763 
8-234 

11-997 

1-416 
4-025 

5-441 

2-300 
9-491 

11-791 

2-120 
5-510 

7-630 

1  This  table  has  been  calculated  from  the  numbers  in  the  Army  Med.  Department  Bluf 
Books  (1867-88).  The  figures  for  1885  are  omitted,  as  the  transition  from  the  old  to  new 
nomenclature  occurred  in  that  year. 

2  The  abridged  and  incomplete  form  in  which  the  statistics  have  been  published  since  1874 
render  it  impossible  to  ^ve  these  numbers  in  detail.  The  numbers  opposite  tmeumonia  for 
the  period  (1872-1884)  mclude  all  diseases  of  the  Respiratory  System,  and  the  deaths  from 
delirium  tremens  are  included  under  the  head  of  Poisons.  According  to  the  new  nomenclature 
(since  1886)  pneumonic  phthisis  is  returned  under  the  head  of  R^piratory  diseases  ;  in  the 
table  it  is  added  to  the  ratio  of  Tubercular  diseases,  which  is  therefore  not  s^ctly  comparable 
with  the  ratios  in  previous  years. 
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nis  tabic  shows  a  considerable  difference  between  the  bnincbes  of  the 
ice  ;  the  mortality  and  in^^aliding  of  the  household  troops  ore  much  the 
highest  The  mortality  from  tuberculosis  of  the  infantry  of  the  line  is  below 
the  mean  mortality  of  the  tirmy  at  large ;  the  mortality  of  the  cavalry  of  the 
line  below  that  of  the  infantry. 

It  is  quite  clear  (and  the  same  thing  is  seen  in  the  earliest  records)  that 
there  has  been  an  excesisive  rate  of  mortality  and  invjihding  from  phthsis  in 
repments  serving  in  London ^  wliich  points  to  some  influences  acting  very 
injuriously  upon  them.  During  the  later  years,  however,  the  invaliding  in 
the  foot  gtianis  has  decreased,  although  the  mortality  has  not  diminished. 
It  is  remarkable  that  a  similar  excessive  mortality  has  been  observed  in  the 
guard  regiments  of  both  France  and  Prussia,  located  respectively  in  Paris 
jind  Berhn,^  The  following  table  shows  the  average  of  our  own  army  up 
to  1876:— 


Table  similar  to  om  on  page  582,  for  6  pears  1871-76. 

PHthUii,  Ae. 

Hiioiehold 

C^vibT  of 

LbML 

Foot 

Infantry  of           DepAla> 

Died  per  1000,      . 
Invalided  per  1000, 
Tcitftl  died  and  in-  \ 
valided  per  1000,  / 

S83 
4-44 

777 

1*46 
4*30 

576 

2-4S 
7*17 

mo 

2*15                 408 
4-60                9*82 

675        '       14^00 

1 

From  this  table  it  may  be  seen  that  up  to  1876  there  was  a  sliglit  diminu- 
tion of  mortality  in  the  household  cavalry  and  in  the  infantry  of  the  line, 
but  that  the  rates  were  nearly  stationary  in  the  cavalry  of  the  lino  and  the 
foot  guards,  and  very  high  in  the  depots.  In  the  invaliding  the  rates  were 
decitledly  lower  in  the  household  cavalry,  tlie  foot  guanlM,  and  the  infiuitry 
of  the  line,  whUst  there  was  a  slight  increase  in  the  cavalry  of  the  line, 
!uxd  the  mte  was  high  in  the  depots. 

Unfortimately  since  1876  this  information  is  no  longer  available,  it  l>eing 
f>mitted  from  the  Af^my  Mrdical  ReporU, 

How  does  this  mortality  compare  with  that  of  the  male  civil  population  at 
the  soldiers*  ages  t 

Mortality  from  Phthisis--*  England  and  Wales — Male  Civilians.^ 


From  20  to  26  years, 
„     25  to  35     ,. 
„     35  to  45     ., 


1885-69. 

4*22 
4-28 


1870-74. 
3*43 

4-01 
4-23 


1875-75. 
3-06 
367 
4*19 


1880-84. 
2*54 
3-24 
373 


The  deaths  in  the  army  from  phthisis  and  hfemoptyais  are  less  than  the 
deaths  in  the  population  generally.  But  in  the  army  there  is  invaliding 
also  ;  that  is,  men  with  a  fatal  disease  are  discharged  into  the  civil  pcjpula- 
tion.  In  1888  there  were  invalided  for  tubercular  disease  165  per  1000, 
and  for  pneumonic  phthisis  0*25,  or  1  '90  in  all ;  and  this  added  to  the  deaths 
(1'23)  gives  3-13  as  the  ratio  of  loss  from  that  class  of  disease.  Taking  this 
into  consideration,  it  seems  certain  that  phthisical  disease  is  still  slightly  in 
excess  in  the  army  as  comj>arcd  witli  the  mtde  civil  population. 


1  Rotli  and  htx.  Op,  cit„  vol.  ill  p«  W% 
>  Prom  Dr  Lawsoti  s  iMi|»er  On  tkt  M^>rtaiii^ 


Cimtim§Uvm.    SUtartical  Society,  1887* 
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Difl  the  army  mEev  more  from  plithiais  in  former  years  than  it  do«s  now  t 
The  folio  mug  table  will  answer  this  t|uestion  ; — 


Deaths  from  PMhids  per  1000  cf  Strem;tL 

— TjreAn. 

Hoiisebold  Cavmlry, 7*4 

Cavalry  of  the  Line» f»*29 

FootGiiarda,      ,.,.»..  lO'S 

Infiiutry, 

Mean 7-83 


-10  3 


I  perl 


During  these  two  periods,  which  make  a  total  of  seventeen  yean^  Ibe 
mortality  wfts  7  "86  per  1000,  and  there  was  no  decline  in  the  later  as  con 
pared  with  the  earlier  period. 

But  na  in  the  8  years  ending'  with  1866  the  mortality  was  onlj  3^1 
1000,  ia  the  5  years  ending  1871  only  2*6,  in  the  9  yeare  ending  1880  > 
2*3,  in  the  6  yearr^,  1879-84,  only  2-08,  in  the  2  years,  1886-87,  1-47,  and 
in  1888^  only  r23  por  1000.  tliere  must  have  heen  an  enormous  cxce^  of 
mortiility  in  the  earlier  period,  unless  it  can  be  explained  in  some  way. 

(a)  In  the  earliest  periods  the  mortality  from  chronic  bronchitis  was 
ineluded  in  tlie  plithisica!  mortality.  If  a  correction  is  made  for  this,  the 
mortidity  of  the  period  1859-1880  would  not  reach  3'0  ;  so  that  will  not 
explain  the  ditferenue. 

(b)  Was  the  invaliding  more  active  in  the  last  period,  so  as  to  laasen 
deaths  occurring  in  the  anny  below  what  would  have  taken  phuie  wit" 
invaliding!     The  information  about  the  early  periods  ia  scarcdy  obtolsab 
but  there  seems  no  rea^ion  to  tliiidv  it  \vm  less  than  subsequently,  but  on  1 
contrary,  it  was  very  large  from  the  foot  guartl^;.     That  invaliding 
account  for  the  difference  is  seen  by  the  fact  that  the  ammal  deaths  [ 
1000  in  the  seventeen  years  ending  1846  (viz.,  7*86)  were  more  nmnerous 
(in  the  cavalry  and  infantry  of  the  line)  than  the  average  of  deaths  iikI 
mvaliding  together  in  the  perit^d  of  five  years  ending  187L 

(c)  The  Limited  Enlistment  Act,  by  which  a  certain  number  of  we 
men  may  po.'rsibly  have  left  the  army,  was  in  action  iii  the  last  period, 
is  impossible  to  estimate  the  amount  of  this  action,  but  it  is  in  the  highe 
degree  improbable  that  it  bad  much  direct  eflect ;  for  if  a  man  of  nearly 
years'  service  were  ill  ivith  phthisis,  he  woidd  be  sure  to  get  invalided»  iH 
order  to  enjoy  his  temporary  pension  for  two  or  three  years,  and  would 
simply  take  his  discharge. 

((/)  The  lessened  age  of  the  army  at  large  might  perhaps  have  some  < 
as  mortahty  from  phthisis  inere^Lses  with  age  in  tlie  French  Army,  and 
bably  in  our  own  ;  but  this  would  never  accoimt  for  the  astonishing  i^ 
ence ;  for  in  the  French  Army  the  increase  of  phthisis  in  the  men  ov« 
fourteen  years'  service  fis  compared  with  those  under,  is  only  1  per  IC 
of  strength. 

We  may  conclude,  then,  that  there  was  a  greater  excess  of  the  diBorgantt- 
ing  lung  diseases  classe<l  as  phthisis  in  the  earlier  period  (1830-46).  Tha 
amount  of  phthisis  strongly  attracted  the  attention  of  Sir  Alexander  TuHoeh 
and  Dr  Balfour  in  1839.  They  state  that  in  the  Equitable  Assurance  Com- 
pany  at  that  time  the  annual  mortal it^^  (at  the  ages  20  to  40)  from  disease  of 
the  lungs  was  3'4  per  1000 ;  while  in  the  years  1830-36  the  mortally  hom 
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of  the  lungs  among  the  foot  guards  was  no  less  than  14*1  per  1000, 
of  which  phthisis  alone  caused  10*8,* 

How  does  our  army  contmi?t  with  others  1 

In  France  the  deaths  from  phthisis  and  chronic  bronchi tiB  together 
amounted  to  2-86  per  1000  of  "present,"  1873^82,  Moniche  ;  in  the  years 
1880-84  the  deaths  from  tuherculosLs  averaged  1'07  per  1000  (Arnould).  In 
the  German  Army  the  men  are  discharged  early^  so  that  comparison  is  dilfi- 
cnli  The  mean  yearly  mortality  from  laryngeal  and  lung  phthisis  was  1*28 
jier  1000  of  strength  (years  1846-63) ;  the  mortality  from  tuberculosis 
(1874-82)  wa.s  0 '88  per  1000  (Arnould). 

We  may  conclude,  tlien,  with  reganl  to  phthisis — 

1.  That  it  was  furmerly  in  enormous  excess  in  the  army  over  the  civil 
jwpulatioB,  and  particularly  in  the  foot  guards;  in  other  wortle,  a  large 
amount  of  consumption  was  generated, 

2.  That  there  has  been  a  great  detline  of  late  years,  though  there  is  still 
in  all  probability  some  excess,  especially  in  the  household  troops. 

What  are  the  causes  of  this  phthisical  excess  in  the  years  1830-46  ?  It 
is  noticeable  that  in  the  earlier  pricnls  aU  affections  of  the  lungs  were  also 
in  excess,  and  we  can  readily  see  that  a  number  of  anteceilents  may  com- 
bine in  producing  the  result,  and  that  de^structive  lung  diseases  may  pro- 
ceed from  many  causes.  Still  there  must  have  been  some  predominating 
influence  at  work. 

The  jihthisis  was  not  owing  to  climate^  for  that  is  unchanged.  Movq- 
over,  we  shall  hereafter  see  that  the  same  excels  was  seen  in  the  Mediter^ 
ranean  stations  and  the  West  Indif^iii. 

It  was  not  owing  to  syphilis,  for  until  late  years  the  amount  of  syphilis 
has  rather  increased  than  diminished,  while  phlhisis  has  lessened. 

It  was  not  owing  to  bad  food,  for  the  food  was  the  same  ui  all  the 
branches,  and  yet  the  amount  of  pihthisis  was  widely  different.  Besides, 
the  food  had  been  comparatively  little  altered. 

Dr  Lawson  has  attributc^d  the  incr*?ase  of  plithlsis  fmiu  1823  to  1846  to 
the  effects  of  the  introduction  of  white  trousers  in  tlie  former  year ;  the 
amelioration  after  1846  to  the  substitution  in  that  year  of  serge  trousers; 
and  the  further  improvement  of  still  later  times  to  the  introduction  of  the 
Hjurncl  shirt  in  18G4.  He  argues  that  chills  have  beeu  the  principal  factor 
in  aiding  in  the  production  of  this  disease. 

It  must,  however,  have  been  some  conditions  acting  more  on  the  foot  guards 
than  in  the  household  cavalry,  and  le^s  in  the  line  regime n t*» ;  also  it  must 
have  been  acting  in  the  troops  stationed  in  the  Mediterraneiin  ami  the  West 
Indies.  There  is  only  one  condition  common  to  nil  wbich  seems  capable  of 
explaining  it,  and  that  the  cause  noticed  in  the  Report  of  1839,  viz.,  over- 
crowding. This  condition  was  and  is  still  most  marked  in  tlic  barracks  of 
the  foot  guards,  and  legist  in  the  barracks  of  the  cavalry  of  the  line.  It  is 
the  only  condition  which  has  undergone  a  very  decided  change  both  at 
home  and  abroad.  This  consideration,  as  well  as  those  formerly  noticed 
in  the  section  on  Air,  seems  to  make  it  almost  certain  that  breathing  the 
foul  Imrrack  atmosphere  was  the  principal  cause  of  this  great  mortality  from 
lung  diseases.  If  this  he  bo,  it  shows  ^t  the  foot  guards  are  still  the  worst 
housed  of  any  troops. 

'  In  commuitttig  on  this  fact  the  T«portef«  nay  (Armff  Medital  RepirrU  of  1839^  p.  13) — 
*'  If  the  «ggr«gHtioti  of  a  namlHiT  of  men  Into  ono  apartment,  even  though  the  wi«Vf*«  i«  not  ver> 
confine,  createM  a  tendency  to  thia  di»ejise,  then  it  ckarly  iioints  out  the  iiropncty  of  affoitl- 
Ing  the  soldier  ju  ample  lianaek  aeooiiiJDOclstioii  aa  poeaibla."  ThnH,  t*ven  at  that  timev  it 
waa  Men  that  no  other  cautc  bat  oyirerowdittg  oould  aocount  for  the  gre^  amount  of  luag 
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2.  Diseases  of  the  Heart  and   Vessels. 

The  fact  that  diseases  of  the  circulatory  system  so  long  ranked  second  as 
causes  of  death  in  the  army  at  home  may  well  surprise  us.  It  was  marked 
in  all  arms,  as  much  in  the  artillery  and  cavalry  as  in  the  infantry.  The 
ratio  per  1000  of  strength  for  the  five  years  1867-71  for  all  diseases  of 
the  organs  of  circulation  was  1*462,  and  in  those  years  out  of  every  100 
deaths  no  less  than  16*7  were  from  disease  of  the  heart  and  vessels.  In 
addition,  there  was  a  large  amount  of  invaliding  from  this  cause. 

If  the  fatal  diseases  of  the  circulatory  system  of  the  five  years  1867-71 ' 
are  divided  into  two  classes,  those  referred  to  some  disease  of  the  heart 
itself  (chiefly  chronic),  and  those  referred  to  aneurysm  (including  an  occa- 
sional rare  return  headed  "  Degeneratio  AortaB  "),  it  is  found  that  the  deatha 
are: — 

Per  1000  of  Strength.         In  100  Deatlu. 
From  cardiac  disease,         .        .        .        0*727  8*81 

From  aneurysm,        ....        0736  8  "4 


Total, 


1-462 


16-71 


These  numbers  are  higher  than  those  of  the  nine  yean  (1859-67),  when 
the  mortality  from  circulatory  diseases  was  only  0*908  per  1000  of  strength, 
and  the  percentage  on  the  total  deaths  was  9. 

This  mortality  is  in  excess  of  that  of  the  civil  male  population  of  the 
same  age,  especially  as  regards  aneurysm.  Dr  Lawson  calculated  that 
aneurysm  was  eleven  times  more  frequent  among  soldiers  than  civilians; 
and  he  also  calculated  that  among  civilians,  aged  15  to  44,  the  ratio  of 
mortality  from  cardiac  affections  alone  is  0*45  per  1000.  The  army,  then, 
in  the  years  1867-71,  had  an  excess  of  0*277  per  1000  of  heart  diseasa 
Myers'  statistics  are  confirmatory.  The  amoimt  of  heart  disease  was  greater 
among  the  foot  guards  than  among  the  metropolitan  policemen.  Myers  in 
his  able  treatise  ^  gives  the  following  numbers : — 


Foot  Guards, 
Police, 


per  1000. 

Invalided  per  1000. 

0-8 

3-2 

0-29 

1*37 

It  was  greater  among  soldiers  than  sailors ;  from  six  years'  observations 
(1860-65)  Myers  3  makes  the  navy  mortality  0*66,  and  the  invaliding  3*44 
per  1000 ;  while  in  the  army  in  the  same  years  the  mortality  was  0*9,  and 
the  invaliding  5*26. 

If  the  different  arms  of  the  service  are  taken,  the  following  numbers  are 
given  by  the  five  years  1867-71 : — 


Mean  yearly  strength, 

Total  deaths  from  disease  of  the  \ 

heart  in  five  years,  .  .  .  f 
Total  deaths  from  anenryism  in\ 

five  years,  .  .  .  .  j 
Heart  deaths  per  1000  of  strength, 
Aneurysmal  deaths  per  1000  of\ 

strength,  per  annum,       .        .  J 


Cavalry  of 
Guard. 

Cavalry  of 
Line. 

ArtUlcry. 

Foot 
Gnarda. 

Infantiy 
of  Line. 

1,213 

8,468 

9,417 

6,749 

81,729  1 

1 

24 

57 

19 

78' 

2 

37 

49 

20 

108 

0181 

0-666 

1-210 

0-661 

0-460 

0-329 

0-873 

1-041 

0-695 

0*649 

^  In  the  recent  returns  the  differential  diagnosis  is  not  given.     See  table  on  page  682. 
3  Diseases  of  Heart  among  Soldiers,  by  A.  B.  R  Myers,  Coldstream  Guards.      London, 
1870.  i  Ibid.,  p.  11. 
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The  numbers  in  the  household  cavalry  are  so  snjall,  it  is  not  safe  to  use 
them ;  but  tire  other  numbci's  are  auificiently  large  to  render  it  probable 
that  the  artillery  show  a  larger  proportion  of  fatal  cjirdiac  and  aneurysmal 
cases  than  any  other  t»ody  of  troops.  The  line  oavtdry  and  line  infantry 
both  sliow  rather  an  excess?  of  aneurysmal  over  heart  deaths ;  while  the 
artillery  show  more  heart  than  aneurysmal  deaths,  and  in  the  foot  guards 
the  proportion  is  equal  The  point  which  eomes  out  cle^irly  from  the 
tahle^  in  addition  to  the  large  amount  in  all,  is  the  excess  of  both  classes 
of  deaths  in  the  artiDery ;  that  it  is  a  real  excess  is  seen  by  comparing  the 
yearly  number  of  the  artillery  and  cavalry  of  the  line,  who  did  not  differ 
greatly  in  mean  strength.  The  production  of  these  diseases  of  the  circu- 
latory organs  begins  very  early  in  the  military  career.  In  1860-62  Dr 
Parkes  c^deulated  out  the  causes  of  invaliding  in  6856  men.  Of  these  1014 
were  under  two  years*  service.  In  the  whole  number  the  percentage  of 
he^rt  and  vessel  dise^ise  as  the  cause  of  the  invaliding  was  7'7  ;  among  the 
men  under  two  years*  service  it  was  14  "23  per  cent.  As  these  men  had 
presumably  healthy  be^irts  when  they  enlisted,  the  effect  both  of  the 
military  life  in  producing  diseases  of  the  circulatory  organs,  and  the  greater 
sulibring  from  it  of  young  soldiers,  seems  certain.  The  statistics  in  the 
Knapsack  Committee's  Report  confii*m  this. 

The  cause  of  this  prepondeiimce  in  the  army  of  diseiises  of  the  circulatory 
organjs  is  a  matter  of  gre^t  importance.  Whatever  they  may  Ik;,  it  is 
probable  that  they  produce  both  the  cardiac  and  the  arterial  cUsease, 

The  two  ma^t  common  causes  of  heart  disease  in  the  civil  population  are 
rheumatic  fever  in  young,  and  renal  disease  in  older  persons.  The  latter 
cause  is  certainly  not  acting  in  the  army,  and  the  former  appears  quite 
insufficient  to  account  for  the  facts.  A  great  number  of  the  men  who  suffer 
from  heart  and  vessel  disease  have  never  had  acute  rheumatism ;  and  if  we 
refer  tlje  affection  to  slight  attacks  of  muscular  rheimiatjsni,  which  almost 
every  man  hae,  we  are  certainly  going  heyond  what  medical  knowledge  at 
present  warnints.  The  effect  of  lung  disease  in  producing  cardiac  ail'ections 
is  also  not  seen  in  the  anny  to  any  extent 

The  inlluence  of  syphilis  in  producing  structural  changes  in  the  aortic 
coats  was  noticed  by  Morgagni,  In  114  pfuft  morttm  examinations  of 
soldiers  dying  at  Netley,  Dr  Davidson  ^  found  22  cases  of  atheroma  of  Uic 
aorta.  Of  those  17  hail  a  syphilitic  history,  I  was  doul>tful,  and  4  had  had 
no  syphilis,  but  had  heart  and  lung  diseases.  Of  the  whole  114  cases,  78 
had  no  syphilitic  history  and  had  4  cases  of  atheromii,  or  51  per  cent. ;  28 
had  a  uiarked  syphilitic  hii^tory  and  17  had  atlieroma,  or  no  less  than  60*7 
per  cent.  This  seems  very  strong  evidence  as  to  atlieroma.  With  respect^ 
however,  to  actual  aneurysm,  no  corresponding  analysis  of  cases  has  l>een 
made,  and  therefore  at  present  the  effect  of  syphilis  must  be  considereil 
uncertain  ;  but  it  is  quite  clear,  even  admitting  its  influence,  there  is  no 
reason  to  think  that  sy|)hilis  prevails  more  imiong  soldiers  than  among  the 
civil  male  population  of  the  same  class.  It  is,  therefore,  unlikely  that  an 
exceaa  of  syphilis,  if  it  really  occurs  among  soldiers,  and  if  it  actually  pre- 
disposes to  aneurysm,  as  seems  probable,  could  produce  1 1  times  as  many 
aneurysms  as  in  civil  persons.  Myers  has  also  given  evidence  that  l)oth  in 
the  army  and  navy  aneurysm  is  sometimes  not  preceded  by  degeneration  of 
the  arterial  coats,  and  in  these  cases  mere  improper  exertion  seemed  to 
produce  it 

The  effect  of  excessive  smokiBg  again  has  been  assigned  as  a  cause  of  the 

I  AfTHf  Medical  DfpitHmaU  Btp^rUt^  vol  v.  p.  48L 
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soldier's  eanliac  diseaso  ;  I)r  Yeah  bt'Ueves  this  to  be  the  case,  especially  ' 
iiccoimt  of  the  had  qiuility  nf  the  tohacco  generally  used  by  Boldiers. 

Again,  the  effects  of  alcohol  in  eonstantly  mamtaining  an  excessive  action 
of  the  heart  are  so  marked  aa  to  make  it  highly  probable  that  this  is  a  factor 
of  great  importance ;  but  soldiens  do  not  drink  so  much,  as  compared  with 
civilians,  as  to  lead  ne  to  think  the  cause  ciui  explain  th*i  prevalence* 

There  is,  however,  one  rauae  which  is  continually  acting  in  the  cme  of 
soldiers,  and  that  is  the  exertion  (often  rapid  and  long  continued)  which 
some  of  the  duties  involve.^  The  artillery  have  very  heavj^  work  ;  often  it 
is  very  violent  and  sudden,  more  so  perhaps  than  in  any  other  corps ;  the 
cavalry  also  have  sudden  work  at  times ;  imd  the  infantry  soldier,  though 
hiB  usual  labour  is  not  excessive,  is  yet  sometimes  called  upon  for  consider- 
able exertion,  and  that  not  slowly,  or  with  rests,  but  with  great  rapidity. 
Ajid  this  exertion  is  in  all  arms  undertaken  with  a  bad  arrangement  **{ 
dress  and  of  equipments.  The  cavaby  and  artillerymen  are  very  tightly 
clothed,  and  though  the  horse  ciirnCs  some  of  the  buinien,  it  is  undoubted 
that  the  men  are  ovi^r  weigh  ted.  In  the  infantry,  till  lately,  they  wore  very 
tight-Htting  tmiics,  with  coUars  made  close  round  the  neck,  and  troiiBen* 
(which  were  often  kept  up  by  a  tight  belt);  there  was  a  broad  strap 
weighted  below  with  a  heavy  pouch  and  ammuniti*>n,  eros^sing  and  binding 
down  ttie  chest ;  and  tliere  was  the  knapsack  constricting  the  upper  part 
of  the  chest,  and  hindering  the  air  from  passing  into  the  upper  lobes. 

The  production  of  heart  disease  ought  not  to  be  attributed  solely  to  the 
knapsack,  as  is  soraetimeB  done ;  the  knapsack  is  only  one  agency ;  the 
cross'belt  was  probably  worse,  and  the  tight  clothes  add  their  influence. 
But  even  with  the  kimpaaek  alone  the  effect  on  the  pulse  is  considerable, 
and  one  or  two  of  l)r  Parkes*  experiments  may  be  given  in  illusti'ation. 
Thus,  four  strong  soldiers  carried  the  olil  Regulation  knapsack,  senicc  kit, 
gi-cateoat,  and  canteen,  but  no  pouch  and  no  waist-belt  (except  in  one  man), 
Tlie  pulse  (stimding)  before  marc^hing  was  on  an  average  88  ;  after  35 
minutes  it  had  risen  on  an  average  to  105;  after  doubling  500  ynnls  to 
139,  sind  tn  one  of  the  men  was  164,  irregular  and  unequab  After  the 
double  they  were  all  unfit  for  further  exertion.  In  a  hfth  uhin,  who  was 
not  strong,  tlie  35  minutes'  marching  raised  the  pidse  from  120  to  194  ; 
after  doubling  250  yards,  he  stopped  ;  the  pulse  then  could  absolutely  not 
be  felt.  In  another  series,  the  average  pulse  of  four  men,  with  tbe  knap- 
sack only,  was  98  (standing);  after  one  hour*s  march,  112;  after  their 
doubling  500  yards,  141.  If  the  pouch  with  ammunition  is  added,  the 
elfcct  is  still  greater.  Dr  Parker  also  took  the  pulse  and  respirations  after 
long  marches  and  found  the  effect  still  more  marked.  Walking,  of  course, 
will  quicken  tlie  pulse  and  respiration  in  any  man,  but  not  to  such  an 
extent,  antl  the  sense  of  fatigue  in  unencumbered  men  is  much  less. 

In  the  lectxire  fomierly  alluded  to,'-^  Dr  Maclean  ]iut  this  matter  most 
forcibly  before  the  authorities,  and  he  was  undoubtedly  cpiite  justified  in 
the  expression  that  one  cause  of  the  cardiac  (and  perhaps  of  the  aortic  and 
jmhnonary)  disease  in  the  army  is  to  be  found  in  exertion  carried  on  under 
unfavonndjle  conditions. 

ItappilVi  much  has  been  lately  done  by  the  authorities  to  remove  this 
cause,  with  the  effect,  as  the  returns  show,  of  diminishing  the  amount  of 


1  For  a  full  and  ublc  discussion  oti  oil  tJiose  points,  and  for  additional  e^Hdenctj,  rftfereuoo 
must  be  nmde  to  Mr  Myew'  excellont  work*  On  the  cilTect  of  exertion  during  war  in  cftusiug 
cardiac  liypiTtrnphyj  ref^renco  may  be  made  to  Dr  FriutaeUs  pfq>er  m  Vifchtrw't  Arehii?, 
Build  Ivii.  p.  2}fK 

'^  Roifal  United  St^mice  Imtitutum  Jo%tmait  1868,  vol.  vUl 
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mortality  and  sickness  from  this  cause  ;  but  still,  especially  in  the  artillery 
and  moimted  service,^  changes  appear  to  be  necessary,  and  in  all  arms  it  is 
desirable  that  officers  should  allow  their  men  to  do  their  work  under  the 
easiest  conditions,  as  regards  clothes,  weights,  and  attitudes,  consistent  with 
military  discipline  and  order. 

3.  The  Nervous  Diseases, 

These  form  a  very  heterogeneous  class ;  apoplexy,  meningitis,  paralysis, 
mania,  &c.,  are  the  chief  headings.  The  mortality  per  1000  of  strength  is 
about  0*46,  and  7*1  deaths  of  every  100  arc  owing  to  nervous  diseases.  As 
among  the  male  civil  population  (ages  25  to  35)  ti^e  deaths  are  6*6  per  cent, 
of  total  deaths,  soldiers  do  not  appear  to  suffer  much  more. 

4.  Pneumonia  and  Acute  Bronchitis, 

Table  to  show  the  Admissions  and  Deaths  per  Annum  per  1000  of 
Strength^  years  1869-71  {thirteen  years). 


PnemnoniA. 

Acute  Bronchitis. 

Deaths. 

Admissions. 

Deaths. 

Average, 

Highest  in  thirteen  years, 
Lowest  in  thirteen  years,  . 

5-26 
7-13 
3-49 

0-641 
0-741 
0-423 

55-65 
88-00 
39-10 

0-227 
0-880 
0-080 

The  acute  inflammatory  diseases  of  the  lungs  gave,  therefore,  a  mean 
annual  mortality  of  0*856  per  1000  of  strength.  The  mean  total  deaths 
from  diseases  of  the  respiratory  system,  for  the  nine  years  1872-80  was 
1*34  per  1000,  causing  17  per  cent,  of  total  deaths.  In  the  two  years 
1886-87,  the  deaths  from  pneumonia  were  0*89,  and  from  bronchitis  0*12 
per  1000  of  strength. 

In  the  French  Army  pneumonia  in  1884  caused  0-42  deaths  per  1000,  and 
in  the  German  Army,  1881-82,  0  4 7,  being  lower  rates  of  mortality  than  in 
our  own  army. 

The  opinion  that  the  military  suffer  more  than  the  civil  population  from 
pneumonia  is  an  old  one.  It  is  also  generally  believed  that  they  suffer  less 
in  the  field  than  in  garrison.  Trustworthy  statistics  seem  wanting  as  to 
the  amount  among  the  civil  population,  but  probably  the  ratio  is  now  higher 
than  amongst  soldiei*s. 

5.  The  Class  of  Continued  Fevers, 

The  returns  now  distinguish  two  groups  of  continued  fevers  as  Enteric 
and  Other^  the  latter  including  typhus  as  well  as  febricula.  Practically  the 
majority  of  the  fatal  cases  of  "  continued  fever  "  are  from  enteric  fever. 


1  The  cardiac  diseases  are  of  the  most  varied  kind.  Dr  Parkes  Mrrote— "  I  have  seen  at 
Netley,  in  Dr  Maclean's  wards,  in  one  honr  in  the  summer,  when  the  hospital  is  full,  almost 
all  the  combinations  of  heart  affections.  It  has  apjieared  to  me  that  if  anything  gives  the 
tendency  to  heart  affections,  then  the  dress  and  accoutrements  come  in  as  accessory  cause.*i, 
and  prevent  all  chance  of  cure.  In  some  cases  there  is  no  valvular  disease,  and  not  much 
hypertrophy  of  the  heart,  but  a  singular  excitability,  so  that  the  heart  beats  frightfully  quick 
on  the  least  exertion." 
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1884  MortAlity  per  1000,     . 

0  19 

1885         ,,           ,.       ,,         . 

0"48 

1886          „           ,.       ,, 

0*46 

1887          „           ,,       „ 

0-27 

1888          ,.           „       „         . 

0  33 

There  has  been  a  great  decline  in  this  class  of  late.  In  the  ten  ycnrs 
1837-46  the  average  admissions  were  62,  and  the  deaths  1*72  per  1000  of 
strength-  In  the  eiglit  years  ending  1867  the  admissions  averaged  22,  and 
the  deaths  0-5  per  lOOO'of  strength^ 

From  1867  to  1884  .sec  table  on  page  582. 

Percentage  of  dentbR.  3*60 

"11 

„         ,,         M  S'80 

ii'29 

n  M  !!  -  .  S-^O 

It  if5  Been  that  there  was  a  considerable  increase  in  the  years  1885  and 
1886,  when  there  were  respectively  146  and  145  aihnissions  with  42  and  43 
deiiths.  In  1887  the  admissions  Jfell  slightly  to  137,  and  the  deaths  were 
only  28.  The  districts  most  ailccted  were  the  Home,  Southern,  and  Dublin. 
Tlie  increase  is  to  be  accounted  for  ehiefly  by  the  occurrence  of  cases  in  men 
recently  returned  from  Egypt :  but  the  large  number  of  eases  in  Dublin  (23 
in  1885,  18  in  1886)  aeem  tcj  lie  attributable  mostly  to  insanitary  condition^ 
either  of  the  ban-acks,  or  of  the  city,  or  of  both. 

In  the  French  Army,  there  is  much  greater  prt?valence  of  this  disease  (see 
page  580).  The  adraissions  to  hospital  in  1884  were  587  per  1000 
(Axnould). 

The  nnorUlity  showii  above  is  below  that  of  the  male  civil  population  of 
the  same  age,  wliich,  for  enteric  fever  alone,  amonuted  to  0  32  per  1000  of 
male  population,  in  the  ten  years,  1871-80. 

During  late  years  no  points  have  been  more  attended  to  in  the  army  than 
pure  water  supply  and  good  sewerage^  and  we  see  the  rcsulU  in  this  very 
large  diminution  of  deaths  from  the  rate  of  the  former  period,  and  in  the 
fact  that  in  this  particular  class  of  disease  the  soldier  is  better  off  than  the 
civil  population.  8it  also  the  cholera  of  1866  passed  very  lightly  over  the 
army  at  liome  (only  13  deaths  out  of  70,000  men),^  although  in  fonaer 
epiileniica  the  army  sutler ed  considerably. 

The  decline  of  enteric  fever  contirms  most  strongly  the  doctrine  of  its 
intimat<3  dependence  on  bad  sewerage  arrangements. 

The  greatest  amonnt  of  enteric  fever  in  the  army  Is  in  the  garriaons  and 
in  the  saaports,  tbe  least  in  the  camps. 

6.   Oilier  Diseases, 

The  other  classes  of  disease  cHUsiiig  mortality  need  no  commeuL  Chronic 
bronchitis  is  no  doubt  to  be  cMcfly  referred  to  phthisis  (using  that  terra  a» 
a  generic  word  k>  include  various  disorganising  lung  diseases) j  and  delirium 
trernms  is  a  return  which  will,  no  doubt,  gradually  disappear  in  fact^  as  it 
has  already  done  in  figure^,  from  the  published  Rei>orts. 

The  smaller  items  of  mortality,  making  up  about  22  out  of  every  100 
deaths  (1886-87)  are  various  :  erysipelas,  pyemia,  syphilis,  hepatitis,  hepatic 
cirrhosis  (in  men  from  foreign  service),  enteritis,  peritonitis,  rheumatism 
(from  heart  complication  probably,  but  returned  as  rheumatism),  diabetes, 
Bright^s  disease,  scarlet  fever,  and  diphtheria,  are  a  few  of  the  many  causes 
which  carry  off  a  small  number  every  year.  The  cancerous  and  kidney 
diseases  are  very  few,  as  we  might  expect  from  the  ages  of  the  men. 

To  sum  up  the  case  aa  regards  the  present  mortality  on  home  service, 
there  has  been  a  reduction  from  9 '45  per  1000  in   1861^70,  to  6*52   in 
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1878-87,  being  a  reduction  of  31  per  cent  There  is  still  much  to  he  done 
in  respect  of  preventing  disorgituising  lung  disease,  disease  of  the  circu- 
latoiy  oi-gans,  and  even  fever,  for  we  ought  not  to  be  satisfied  iintO  the 
term  enteric  fever  is  altogether  ohlitenited.  A  renewed  study  of  the  causes 
of  pneumonia  is  also  necessary,  in  oixler  ti>  see  if  some  way  or  other  the 
attacLs  of  that  fatal  disea.se  oamiot  he  le,ssened.  There  is  no  reBson  to  think 
that  we  have  yet  touclied  the  lowest  possible  limit  of  preventible  disease  j 
but,  on  the  eontmry,  we  cnn  see  clearly  that  the  soldier,  comparatively 
healthy  as  be  is,  may  he  made  more  healthy  still.  Some  evidence  in  sup- 
port of  such  a  view  may  be  found  in  the  fact,  that  both  at  Gibraltai'  and  in 
some  of  the  \Yest  Indian  stations  the  mortality  Iuls  been  lower  in  some 
years  than  it  bas  ever  been  at  liome.  But  there  is  no  reason  why  the 
home  mortality  should  not  be  reduced  tc»  the  standard  of  those  foreign 
stations. 

A  question  now  arises— Why,  after  thirty  years  of  age,  should  the  sokUer 
die  more  rapidly  than  the  civilian,  though  for  the  first  ten  years  of  his  ser- 
vice  he  bas  a  emaller  mortality  1  Tlie  causes  may  be  foreign  service,  bad 
social  habits  {t,e,,  excess  of  drinking  and  syphilis,  or  other  effects  of  enforced 
celibacy),  night  duty,  or  expoBure  on  guard.  But  to  which  of  these 
the  result  is  owing  could  only  be*  determined  by  accurate  statistical  in- 
qiiiries  into  the  causes  of  mort^iHty  at  the  older  ages.  We  do  not  know 
these,  and  if  the  &hori>service  system  continues  we  are  hardiy  likely  Uy  know 
them,  so  it  is  of  no  use  to  discuss  a  topic  on  which  sufficient  facts  are  not 
available. 


Loss  OF  Stbhnoth  of  the  Army  by  Invaliding. 

The  amount  of  invaliding  is  influenced  by  other  causes  than  mere  ineffi- 
ciency of  the  men ;  some  times  a  reduction  is  made  in  the  army,  and  the 
opportunity  is  taken  to  remove  weakly  men  who  w^ould  otherwise  have  con- 
tinned  to  serve.  This  was  the  case  in  1861,  As  invaliding  greatly  affects 
the  mortality  of  the  army,  a  source  of  fallacy  is  intrwluced  which  it  is  not 
easy  to  avoid. 

Durmg  the  seven  years  1860-66  there  w^ere  invalideil  every  year 
ne4irly  37  men  out  of  every  1000,  thus  making  a  total  loss  by  death  and 
invaliding  from  disease  of  nearly  46  men  i>et  1000^  or  aliont  one-twenty- 
second  part  of  the  whole  force.  In  1867  the  invaliding  was  lower,  vi^,, 
2  2- 18  per  1000,  In  the  ten  years  1878-87,  the  invaliding  at  homo  was 
22-59  and  the  deaths  6-52,  together  2941  per  1000;  for  the  whole  army 
19-58  and  \V%5,  UiUil  loss  31*23  per  1000.  In  1888  the  mvaliding  at 
home  was  15  91  and  the  deaths  5*52,  together  21"43  ;  for  the  whole  army 
14 '02  and  9*21,  total  loss  23*23  per  1000,  This  is  about  half  the  annual 
loss  that  took  place  in  1860-66,  the  chief  reason  for  the  reduction  being  the 
system  of  short  service.  Taking  round  numhers,  in  1888  circulatory  die* 
eases  accotmted  for  about  onetifth,  tubenjular  and  respiratory  diseoaea  for 
one-sixth,  and  nervous  diseases  for  one-eighth  of  the  invaliding. 


SECTION  III, 

LOSS  OF  SERVICE  FROM  SICKXESS  ON  HOME  SERVICE. 

(a)  Numiftr  of  Admimona  into  HmpiktL — On  an  average,  1000  soltliers 
furnish  from  800  to  1000  admissions  into  hosjiital  per  annum ;  913  in  the 
ten  yean*  (1861-70);  8091  in  ten  yearn  (1870-79) ;  847  in  1878-87;  in 
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1888,  741.  The  number  varies  in  the  diflferent  arms  from  about  600  in  the 
household  cavalry  and  engineers,  which  are  usually  the  lowest^  to  about  900 
in  the  cavalry  and  1000  in  the  foot  guards.  In  the  first  case  the  steady 
character  of  the  men,  many  of  whom  are  married,  and  in  the  second  the 
frequency  of  contusions  during  drill,  account  for  this  great  range.  In  the 
infantry  the  average  is  from  850  to  900. 

The  number  of  admissions  remained  tolerably  constant  for  twenty-five 
years,  but  during  the  last  two  years  has  sensibly  declined. 

The  admissions  in  the  French  Army  are  not  comparable  with  ours ;  alight 
cases  of  sickness  (which  with  us  are  often  not  recorded)  are  treated  in 
barracks  (d  la  cfiamhre\  severer,  but  still  slight^  cases  in  the  infirmaries, 
bad  cases  in  the  general  hospitals.  The  mean  of  five  years  (1862-66)  gives 
2028  total  admissions  per  1000  "present."  The  admissions  to  the  infir- 
maries in  France  (in  1866)  were  323  per  iOOO  "present,"  to  the  hospitals, 
306 ;  making  a  total  of  the  severer  cases  of  only  629  per  1000  in  that  year. 
This  shows  how  many  slight  cases  there  are  in  the  French  Army.  In  the 
eight  years  1862-69  the  mean  number  of  slight  cases  in  France  was  1745 
per  1000.  In  the  ten  years  1873-82  the  admissions  to  the  infirmaries 
were  319 ;  to  the  hospitals  264 ;  and  "  a  la  chambre,''  2009  (Morache). 

In  the  Prussian  Army  the  average  admissions  (mean  of  18  years,  1846—63) 
were  1336.  In  1867  there  were  1125*6  per  1000.  In  1873-75  it  was  750, 
and  in  1876  only  620  (Roth).     In  1881-2,  850 ;  in  1883-4,  830. 

(6)  Dailtj  Number  of  Sick  in  Hospital  per  1000  o/  Strength, — About  one- 
twenty-fifth  of  the  army  is  constantly  sick  in  time  of  peace,  or  4  per  cent. 
The  mean  for  the  ten  years  1860-69  was  47*8  per  1000,  and  for  the  ten 
years  1870-79  it  was  39*5.  In  the  ten  years  1878-87  it  was  45*8,  and  in 
1888,  44-4. 

It  is  not  possible  to  compare  the  army  sickness  with  the  civil  population, 
or  even  with  other  armies. 

In  England  the  number  of  members  of  friendly  societies,  between 
twenty  and  thirty  years  of  age,  who  are  constantly  sick,  is  nearly  16  per 
1000. 

In  the  French  Army  the  mean  sick  in  hospital  are  29  per  1000  present ; 
in  both  hospital  and  infirmary,  50;  in  the  German,  36  in  1873-82,  31*5  in 
1882-4. 

(c)  Number  of  Days  spent  in  Hospital  per  head  in  each  1000  of  Strenyth. — 
The  number  of  days'  service  of  a  battalion  1000  strong  in  a  year  would  be 
of  course  (1000  x  365  = )  365,000.  If  we  assume  the  average  number  of  sick 
to  be  45  per  1000,  there  are  lost  to  the  State  (45x365  =  )  16,425  days' 
service  per  annum,  or  16 J  days  per  man.  In  1878-87  the  number  of  days' 
sickness  per  man  at  home  was  16 "73,  in  1888  it  was  16 '3.  As  already  said, 
it  is  difficult  to  compare  the  sickness  of  soldiers  and  civilians,  but  the  above 
amount  seems  large  when  we  remember  that,  in  the  friendly  societies,  the 
average  sickness  per  man  per  annum,  during  the  working  years  of  Hfe,  is  a 
fraction  more  than  nine  days.^ 

Mean  Duratio7i  of  Cases  of  Illness, — The  number  of  days  each  sick  man  is 
in  hospitiil  (mean  duration  of  cases)  is  rather  greater  (19*7,  average  of  10 
years  1878-87),  as  the  number  of  admissions  is  below  the  strength.  In 
1888  it  was  21*96. 

It  can  be  most  easily  calculated  as  follows : — Multiply  the  mean  daily 
number  of  sick  (sick  population)  by  the  number  of  days  in  the  period,  and 
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divide  by  the  cases  treated.  Tlie  number  of  "  cmea  treated  '*  is  the  mean  of 
the  atimissions  and  discharges  in  the  i>eriod. 

The  mean  durjition  of  cases  «f  fiickness  in  the  French  Avmy  (1873-82)  wim 
7  days;  iii  the  Gernmn  Army  (1873-82)  11  days,  (1882-4) 'l3  days;  in  the 
Belgian  Army  (1888)  of  caae^s  that  recovered  21  days,  of  fatal  cases  47  days. 

(</)  Mortaiity  to  Sickness. — This  is,  of  course^  a  different  point  from  that 
of  the  relation  of  mortality  t4j  strengtl^  A  few  cjtses  of  very  fatjil  illnesa 
may  give  a  large  nmrtality  to  cases  of  sickness,  but  the  mortality  to  strength 
may  be  very  small. 

The  mere  statement  of  the  ratio  of  mortality  to  sickness  gives  little  in- 
fi  »rniation  ;  what  is  wanted  is  the  mortality  of  each  disease,  and  at  every  age. 
Otherwise  the  introduction  of  a  number  of  trifling  cases  of  disease  may  com- 
pletely mask  the  real  facts. 

\\nien,  however,  the  genera!  ratio  is  to  he  determined^  it  m^st  be  calcu- 
lated in  one  of  tliree  ways : — 

1.  Mortahty  to  admissions  in  the  time.  This  is,  however,  an  uncertain 
plan ;  a  number  of  cases  admitted  towards  the  close  of  a  peritxl,  and  the 
greater  part  of  whose  treatment  and  mortality  falls  into  the  next  period,  may 
cause  an  error* 

2.  ^Mortality  to  cases  treated  (  =  mean  of  adniii?si<jn8  and  dii«;harges). 
This  is  the  best  methoil  of  calculation. 

3.  Mortality  to  sick  poptilation,  i.c,  the  number  of  deaths  furnished  per 
annum  by  a  daily  consttint  number  of  sick  This,  however,  must  he  taken 
in  connection  with  the  absolute  nimiber  of  sick  in  the  time,  and  with  the 
duration  of  the  cases,  or,  in  other  words,  with  the  kind  of  cases. 

The  degree  of  mortality  Ui  the  several  causes  of  sickness  waB  given  very 
fully  in  the  statistical  part  of  the  Army  Medical  Department  Reports^  up  to 
the  year  1873,  since  which  tune  the  detailed  returns  have  been  discontinneii 

Calculated  on  the  a«.lmissions,  the  mortality  to  tc^tal  sickness  in  the 
English  Army  at  home  is  a  little  above  the  mortality  to  strength,  or  alw^ut 
77  per  1000  per  annum  (1878-87).     In  1888  the  ratio  was  7^4. 


Causes  op  Sickness, 

The  causes  leading  men  to  go  into  hospital  are,  at  course,  very  different 
from  those  which  produce  mortjdity.  For  example,  admissions  from  phthisis 
will  be  few,  mortality  great ;  admissions  from  skin  diseases  numerous,  mor- 
tality trifling. 

Taking  the  most  common  causes  of  admission,  we  find^ — 

1.  Vetitrtal  Diiccuie^. — Under  the  term  venereal,  all  diseases,  immediate 
or  remote,  residting  from  sexual  intercourse,  arc  iucludeti  Secondary'  as 
well  as  primary  syphilis  j  stricture  and  orchitis,  as  well  as  gonorrhoea,  tV:c, ; 
also  a  few  cases  not  strictly  venereaL  The  primary  vcnereul  forms  are, 
however,  of  the  most  imjx»rtance. 

In  sUtioiis  under  the  Contagious  Diseases  Acts,  1000  men  gave  50  admis- 
sions from  primary  venereal  sores  smd  84  from  gonorrhtea  (average  of 
13  years  1870-82).  In  stations  not  under  the  Act,  the  amounts  were^ 
respectively,  118  and  105.  Then-  were  other  udmissiuns  from  secondary  ttud 
tertiary  syphilis,  which  somewhat  increaseil  the  tuUd  adtnisaions.  In  May 
1883  the  compidsory  examination  of  women  was  tliscon tinned,  and  the  Con- 
tigious  Diseases  Acts  rejiealed  in  th(^  f<iUowing  year*  Tlie  result  hits  at 
once  shown  itself.  In  the  stations  formerly  under  the  Acts  the  admissions 
for  primary  venereal  sore  at  once  rose  in  1883  to  110,  and  in  1884  to  138 ; 
the  number  constantly  sick  being  8-06  and  12-41  per  1000  respectively, 
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against  6*51  in  1882  and  an  average  of  3 '97  for  tlie  previous  13  years. 
Since  1885  in  both  classes  of  ^tiitions  there  has  been  some  diminution.  In 
1888,  in  the  whole  of  the  United  KiDgdom,  the  adniission  rate  for  venereal 
diseaaea  was  224 "r^j  and  the  constantly  sick  18*2  per  1000.  For  primary 
veneretd  sores  the  niuubers  were  93*1  and  8*2  renj^ectively* 

We  have  no  cert'iin  facts  with  wliicli  we  can  coin|jare  the  syphilitic  disease 
of  the  civU  pojuilation  ivitli  tliat  of  the  array.  Tlie  amount  among  the  eivil 
popidation  at  large  is  reaUy  a  matter  of  conjecture.  But  whether  it  is 
greater  or  lees  than  that  of  the  army  doejs  not  affect  the  result  drawn  from 
the  above  figures,  viz^^  that  there  is  an  appalling  loss  of  service  every  year 
from  the  immediate  or  remote  effects  of  venereal  disease- 
It  should  be  understood,  also,  that  the  action  of  syphilis  is  long  coa- 
tinued,  ^lany  soldiers  die  at  Nctley  from  various  diseases,  whose  real 
affection  has  l>nen  fiyphilis,  so  that  the  influence  of  tliia  cause  is  very  imi>er- 
fectly  indicated  by  the  number  of  admissiona  and  the  service  lost  under  the 
head  of  syjihilitic  disease  only, 

2.  General  Diseaats, — The  important  diseases  included  under  this  class 
give  about  one-fourth  of  the  totid  ixdmissions,  or  about  270  per  1000 
(1886^88). 

(a)  Eruptive  fevers  are  not  very  common — about  7  per  1000.  Smallpox 
is  checked  by  vaccination ;  measles  and  scarlatina  are  not  frequent, 

{b)  Malarial  fevers  (most  of  which  liiive  been  contracted  out  of  England) 
give  aljout  5  per  1000,  a  great  reduction  on  former  years. 

{c)  The  continued  fevers  are  more  common,  but  their  frequency  has 
lessened*  There  is  no  doubt  tJnit  enteric  fever  is  the  chief,  perhaps  almost 
the  only  fever  besides  febricula  which  is  now  seen.  The  admissions  for 
enteric  fever  alone  in  1886-88  gave  a  mean  of  1*3  per  1000.  Spotted  typhus 
IB  at  present  uncommon,  but  does  occasiouEilly  occur.  The  continued  fevers 
cause  about  7  "5  admissions  per  1000  of  strength  (1886-88),  Of  late  years 
there  have  been  some  cases  of  cerebrospinal  meningitis, 

{d)  Rheumatism  gives  about  38  cases  per  1000  of  strength. 

3.  Accidcnta  give  96, 

4.  Diseases  of  the  Di//esiive  system  follow^  about  97. 

5.  C%Umuoi(s  disciises  give  a  me^in  of  85. 

6.  Respirator  if  diseases  (not  including  Phthisis)  give  a  mean  of  65  per 
1000. 

7.  Diseases  of  the  Bye,  mean  1 3. 

8-  Diseases  of  the  Circulator^/  system,  11;  le.ss  than  formerly, 

9.  Tubercular  di^etufs  and  phthisis^  4'7  ;  considerably  less  than  foiinerly, 

10.  lYeri^ou^  system,  9, 

11,  The  remaining  diseases  consist  of  numerous  smaller  items,  such  as 
those  of  the  generative  {venereal  excluded),  locomotive ,  iirinaiy  {ffoncrrhcea 
excluded),  &c. 

The  above  figures  refer  Ut  the  tlirec  years,  1886-88.  A  marked  decrease 
has  taken  place  in  malarial  fe^'ei's,  cii'culatory  diseases,  and  phthisia. 

Tliere  is  no  room  for  doidit  that  the  venereal  admissions  could  lie  greatly 
lessened  but  for  tht*  late  action  of  the  Legislature ;  so  also  could  the  admis- 
sions {n*m  fever,  which  have  in  fact  been  already  reduced  from  60  to  alinnt 
8  per  1000  of  strength.  The  largo  class  of  intt^gumentary  diseases  would 
probably  admit  of  reduction.  What  is  the  exact  nature  of  tlie  phlegmon 
imd  ulcers  which  form  so  large  a  proportion  of  the  ailmissions  ?  Trifling 
OS  the  cases  are,  thc}^  form  a  large  aggregate,  and  a  carefid  study  of  their 
mtKbi  of  production  might  show  how  tJiey  might  be  diminished*  Pro 
hably,  liowever,  these  are  mere  conventional  terms,  under  winch  a  number 
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of  trifling  cases  aro  conveniently  rccorfod,  but  a  complete  analysis  of  tho 
returns  of  <nie  year  under  pMegmon  would  be  desirable.  So  also  of  all  the 
other  classes,  it  may  be  concluded  that  an  active  medical  officer  miglit 
succeed  in  reducing  tho  caBes  of  rheumatism,  bronehitis,  and  dyspepsia,* 
Many  cases  of  acute  re^spirat^iry  diseases  are  prtxluced  by  exposure  on  guard, 
especially  by  the  pas^sage  into  and  from  the  hot  close  air  of  the  guard-room, 
to  the  open  air  on  wenlry  duty.  Good  additional  overcoats,  means  of  drjing 
the  clothes^  and  proper  ventilation  of  the  guard-rooms,  would  probably 
lessen  the  cases  of  bronchitis  and  pleurisy, 

Skkn^ji^  m  Military/  /Vwtww.— -The  admissions  into  hospital  in  the  military 
prisons  do  not  appear  to  be  great;  they  have  varied  per  1000  of  arlmissions 
of  prisoners  from  316  (in  1851)  to  725-5  in  1863.  At  Alders  hot,  where 
only  fKHidfiJ/"  liospital  cases  are  admitted,  in  1888  tliere  were  47  admissions 
ix^r  1000,  in  1889  only  6-7.2  Prisoners  am  healthier  thtin  their  comrades 
at  duty  in  the  same  garrisons  where  the  prisoners  arc  under  sentence. 

SECTION  rV' . 

SoLBiBRLY  Qualities, 

Such,  then,  being  the  amount  of  mortality  and  sickness  at  home,  it  may 
be  concluded  that  the  soldier  at  present  is  not  yet  in  so  gotxl  a  condition  of 
physical  health  as  he  might  be  ;  and  we  can  confidently  look  to  future  years 
as  likely  to  show  a  continuance  in  the  improvement  now  going  on.  In  future 
jearSj  however,  the  new  syst^em  of  limited  service  will  render  it  difficult  to 
trace  the  progress  in  the  infantry* 

Health  is  so  inextricably  blended  with  all  actions^  of  the  body  and  mind, 
that  the  medical  ofHrLT.s  must  consider  not  only  all  pliysical  but  aU  mental 
and  moral  causes  acting  uii  the  men  under  their  charge. 

The  amount  of  work,  the  time  it  occupies,  its  relation  to  the  quantity  of 
foml,  the  degiee  of  exhaiit^tion  it  pr<xluces,  the  numb<*r  of  nights  in  bed,  and 
other  points  of  the  like  kind ;  the  ment;il  iniiuences  interesting  the  aoldier, 
or  depressing  him  from  ennui ;  tbe  moral  effect  of  cheerfulness,  hope,  dis- 
cont*nit,  and  despondency  uixin  his  health,  as  well  as  the  supply  of  water, 
air,  footl,  clothing,  A:c.,  must  be  taken  into  account  And  just  as  the  Wiy 
is  minisU-*red  to  in  jdl  these  ways,  so  should  there  Iki  ministration  of  the 
mind-  It  is  hut  a  partial  view  which  looks  only  to  the  body  in  seeking  to 
improve  health  ;  the  mora!  conditions  are  not  le^a  important;  without  con- 
tentmentj  satisfuction,  cheerfulness,  and  hope,  there  is  no  health. 

Hygiene,  indeed,  should  aim  at  something  more  than  bodily  health,  and 
shoultl  imlicato  how  the  mentid  and  moral  qmdities,  eeaential  to  tlie  par- 
ticidar  calling  of  tlje  man,  can  l>e  best  developed. 

How  is  a  soldier  to  be  made  not  merely  healthy  and  vigorous,  but  courage- 
ous, In  tjM  fub  and  enrluring  ?  How,  in  fact,  can  we  best  cultivate  those  martial 
qualities  whit-h  lit  him  to  endure  the  hordshipSi  vicissitudes,  and  dangers  of 
a  career  so  che<piered  and  perilous? 

Without  attempting  to  analyse  the  complex  quality  called  courage* — a 
quality  arii^ing  from  a  sense  of  duty,  or  love  of  emulation,  or  fear  of  shame, 
or  fnim  physical  hardihood,  springing  from  familiarity  vnth  and  contempt 

*  It  iH  right,  however,  to  my  thrtt  no  niwiical  oftJcerotifjUt  to  sacriUw ):  •    -  tht;  sHghtesit 

degrvt?  fop  thi;  iHirfKisi*  of  api^^uring  to  have  a  small  sick  list  aail  uti  n  iK     Tlmrt* 

is  A  teiJipL-iiliou  ill  that  direction  wliioh  we  Imvi*  to  Kiiaril  tu^ifut,  ftud  i  -  t  that  tht* 

ouly  *|tR«stioii  to  Ixs  ftslced  i^i  What  is  Iho  hesl  (or  the  men  r  not,  Wli»t  will  luaku  the  beAtait- 

»  Jtapoft  on  Mili(a,'y  PntonM  for  18«S  aad  18^9. 
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of  danger, — it  may  well  be  believed  tJiat  it  is  capable  of  being  lessened 
increased.  In  modern  armies,  there  is  not  only  little  attempt  to  cultivfite 
coumge  and  self-reliance,  but  tbe  custom  of  acting  togetlier  in  masses  and 
of  dependence  on  otliers  actually  lessens  this.  It  is,  then,  a  problem  of 
great  interest  to  the  soldier  to  know  what  mental,  moral,  and  physical 
nie^ans  must  lie  used  to  strengtben  the  martial  qualities  of  lx>ldness  and 
fortitude. 

The  EngHsh  Army  has  never  been  accused  of  want  of  couragej  and  the  idem 
of  pusillanimity  would  seem  impossible  to  the  race.  But  drunkenness  and 
ilebauehery  strike  at  the  very  roots  of  courage ;  and  no  array  ever  show 
the  highe^it  amount  of  martial  qualities  ivhen  it  permitted  these  two  vices 
prevail.^  In  the  anuy  of  Marlborough,  tlie  best-governed  ai'my  we  ever  h: 
and  the  most  miiforndy  successfid,  we  are  told  that  the  "sot  and  t 
drnidcard  were  the  objects  of  scorn  J*  To  make  an  army  perfectly  bravo, 
must  be  made  t<:^mperat^3  and  chaste. 

Good  health  and  physical  strength,  by  increasing  self-confidence,  increase 
courage  ;  and  self-reliance  is  the  consequenre  of  feeling  that^  mider  all  cir- 
cumstances, we  can  faee  the  dangers  and  dilliculties  that  present  themselves. 

Few  wiser  words  were  ever  written  than  those  by  William  Fergxisson,*  til 
the  close  of  his  long  and  eventful  service. 

"  Of  the  soldier's  life  within  tliesc  barracks,*'  \^Tites  Fergusson,  **  there 
much  to  be  said,  and  much  to  be  amended.  To  take  Ins  guards,  to  cleanse 
his  arms,  and  attend  parade,  seems  to  comprehend  the  sum  total  of  his 
existence  5  amusement,  instruction  beyond  the  drills  military  labour,  and 
extension  of  exercises,  would  appear,  imtil  very  recently*  to  be  unthought 
of ;  as  it  is  impossible  that  the  above  duties  can  fully  occupy  his  time,  the 
irksomeness  of  idleiiesSj  tltat  most  mtolerable  of  all  nuseriea,  must  8oc»n  ov 
take  him,  and  he  will  be  driven  to  the  canteen  or  the  gin-shop  for  relief. 

^*  Labi>ur  in  every  shape  seems  tci  have  been  strictly  interdicttnl  tti  the 
soldier,  as  water  for  his  drink.  All^  or  nearly  all,  must  have  been  la'etl  to 
some  trade  or  other  before  they  became  soldiers ;  Imt  they  are  work  for  them 
no  longer.  Labour  (the  labour  of  field-works  and  furtiti cations)  strengthens 
the  limbs  and  hardens  the  constitution,  but  that  is  never  thought  of  in  our 
mitikiry  life  at  home ;  so  thought  not  the  ancient  Romans,  whose  mili 
highways  still  exist,  and  who  never  permitted  their  soldiers  to  grow  em 
vated  in  idleness  during  peace.  Better,  surely  would  it  be  that  every  o; 
should  work  at  his  own  craft  or  be  employed  on  the  public  works, 
regulated  wholesome  lalwur,  than  thus  to  spend  his  time  in  sloth 
drunkenness.  But  his  exercises,  without  even  going  lueytind  the  bai 
premises,  may  be  made  manifcdd — riiimmg,  wrestling,  gjTiinastic  games 
every  kind,  swimming,  leaping,  pitching  the  bar,  the  swoixl  exercise  (thi 
of  the  artillery),  all  that  hardens  the  nmstdes  and  strengthens  the  limbe, 
should  l>e  encoiiraged ;  and,  when  tlie  Aveather  forbids  out-door  pajf^timeSp 
the  healtliy  exercise  of  single-stick,  in  giving  balance  and  power  to  thi 
body,  quickness  to  the  eye,  and  vigour  to  the  arm,  may  properly  be  ttiken 
a  substitute  for  the  drill  which,  after  the  soldier  has  been  perfected  in 


M 


.h»n 


>  There  are  many  sober  and  tixc«lleat  me?ii  in  the  army,  and  their  niimber  is  fiteadO  j  in- 
creasing.  But  as  n  rule  the  English  soldier  CAiinot  Ijtj  deyiended  ypou  mider  any  circumstance* 
if  he  can  get  drink  Well  does  Sir  liaaald  Martin  say,  *' Before  that  terrible  vice  can  he 
overcome,  aomctliing  far  more  |jow4:rful  than  medical  re^Lioning  on  fiicts^  or  the  warnings  of 
exfwrience  founded  on  them,  muiit  lie  brought  into  active  operation.  Discipline  mast  stijl 
further  alter  its  diretjtiou  :  iu  pkfo  of  being  active  only  to  punish  wrong,  it  ought  and  niUirt 
h©  ex«rted  further  and  further  ill  the  encourageruent  to  good  conduct."— lUrmld  Mar' 
Tropiml  VlttfuUt*,  p.  263, 

*  dWoUs  and  JiecolUcditwi  qf  Professional  L\ft^  1846,  p.  4&. 
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©Jcercise,  is  alwnys  felt  to  be  ti  piuiishment,     80  is  the  unmenning  evening 
parade  and  perpetual  roll-calling, 

"  Foot-ratiing  ton,  tlic  art  of  miming,  so  little  practised,  and  so  supremely 
useful,  should  be  held  amongst  the  qualities  that  constitute  military  excel- 
lence. It  was  so  held  at  the  Isthmian  games  of  ancient  Greece,  and  deserves 
a  lietter  place  tlian  has  liitlierto  !>eeji  assigtied  to  it  in  the  military  pastimes 
cif  modern  Britiiin.  In  our  schwildiooks,  we  are  told  that  the  youth  of 
ancient  i^ei-sia  ivere  taught  to  launch  the  javelin,  t-o  ri^le  the  war-horse,  and 
to  speak  the  truth.  Let  the  yonng  British  warrior  be  t^iught  to  use  his 
limhs,  to  fire  ball-cartridge,  Uy  cook  his  provisionSj  and  to  drink  water.  The 
tuition  may  be  lesa  claasicid,  hut  it  will  stand  him  in  far  better  stead  during 
every  service,  whether  at  home  or  abrojid^ 

"  Regular  bodily  pleasurable  exercise  lias  been  said  to  bo  worth  a  host  of 
physicians  for  presen^ng  military  health  ;  ami  occupation  witliout  distress 
or  fatigue  is  happiness.  The  philosopher  can  make  no  more  of  it;  and 
every  idle  hour  is  an  hour  of  irksomeness,  and  every  idle  man  is,  and  must 
be,  a  vicious  man,  and  to  a  certain  extent  an  unheidthy  one." 

In  many  of  the  foreign  stations  of  the  Biitish  Army,  excellent  opportuni- 
ties exist  for  both  occupying  the  men  and  developing  their  spirit  All 
history  teaches  us  that  a  hunting  race  is  a  martial  one,  The  remarkable 
fighting  quiilities  of  the  English,  as  drawn  in  FroissarVs  CkronideSt  were 
*  I  wing  to  ihtj  fact  that  at  that  time  tJiey  were  '*a  nation  of  himters,"  and 
trained  from  infancy  to  face  dangers  alone.  In  India  there  are  many  places 
wliere  men  could  not  only  be  allowed  to  hunt,  but  where  such  permission 
ivould  he  the  greatest  boon  to  the  inliabitante,  and  this  has  been  largely 
Uken  advantage  of  in  late  years. 

The  English  Army  has  hitherto  offered  but  few  incentives  to  good  conduct, 
and  scanty  enconnigement  for  the  cidtivatioti  of  martiid  qualities.  Jlen  must 
have  rewards,  and  feel  that  earnest  endeavour  on  their  part  t<i  become  in  all 
respects  better  soldiers  is  neither  overlooked  nor  unrewanled.  The  new 
f»rtler  of  things  introduced  by  the  late  Lord  Cardwell  seems  likely  to  open 
up  means  of  progress  for  men  who  can  acquii'o  knowledge  and  to  deserve 
advancement 

The  cultivation  of  the  martial  quahtics  of  the  soldier  is  in  reality  a  part 
of  hygiene  considered  in  its  largest  sense,  but  this  part  L>f  hygiene  must  be 
studied  and  *'arried  into  effect  by  the  comhatant  ofhcers.  Let  us  trust  it 
may  not  he  long  before  they  seriously  study  and  endeavour,  hy  precept  and 
exjimple,  to  promote  the  formation  of  those  habits  of  boldness  and  endurance, 
and  that  fertility  in  resources,  which  arc  a^*  necessary  as  technical  knowledge 
to  render  an  army  the  formidable  instrument  it  is  capable  of  becoming. 


CHAPTER  IV. 
FOREIGN    SERVICE. 

Thb  foreign  service  of  the  British  Army  is  performed  in  every  part  of  the 
world,  and  in  almost  every  latitude,  and  probably  more  than  two-thirds  of 
each  line  soldier's  service  is  passed  abroad.  The  mere  enumeration  of  the 
stations  is  a  long  task;  the  description  of  them  would  demand  a  large 
volume.  In  this  short  chapter,  to  give  a  few  general  statements  as  to 
climate  and  geology,  and  the  past  and  present  medical  history  of  the 
stations,  only  can  be  attempted;  such  an  outline  as  may  give  medical 
officers  a  sort  of  brief  summary  of  what  seems  most  important  to  be  known. 
Detailed  and  excellent  accounts  of  most  of  the  foreign  stations  exist,  either 
in  the  independent  works  of  army  surgeons,  such  as  those  of  Marshall, 
Hennen,  Davy,  and  many  others,  or  in  reports  drawn  up  for  Government^ 
and  published  by  them.  In  the  early  StcUistical  Reports  of  the  Medical 
Depaiimmt  of  the  Army,  short  topographical  notices  of  the  stations  were 
inserted ;  they  are  models  of  what  such  reports  should  be,  and  must  have 
been  drawn  up  by  a  master  in  the  art  of  condensation.  In  the  Annual 
Reports  now  published  many  excellent  topographical  descriptions  ynll  be 
found;  and  some  of  the  Indian  Governments  have  published  complete 
descriptions  of  all  their  stations.  In  the  Bombay  Transactions,  the  Madras 
Medical  Journal,  and  the  Bengal  Indian  Annals  very  full  accounts  were  given 
of  almost  every  station  that  has  been  or  is  occupied  by  European  troops  in 
India.  Finally,  in  the  Indian  Sanitary  Report  is  much  important  information 
on  the  meteorology  and  topography  of  the  present  Indian  stations.  Young 
medical  officers  first  entering  on  foreign  service  are  strongly  advised  to  study 
these  accounts  of  the  station  in  the  command  where  they  are  serving ;  it 
will  not  only  give  them  interest  in  their  service,  but  will  aid  them  in  their 
search  how  best  to  meet  the  climatic  or  sanitary  conditions  which  affect  the 
health  of  the  men  under  their  charge. 

SECTION  I. 

MEDITERRANEAN  STATIONS.^ 

Gibraltar. 

Usual  peace  garrison  =  5000  to  6000  men.  Period  of  service,  three  years. 
Civil  population  =  18,464  (in  1888).  Height  of  rock,  1396  feet  at  highest 
point.  Nature  of  rock,  grey  limestone,  with  many  cavities  filled  with 
reddish  clay;  under  town,  an  absorbent  red  earth  forms  the  subsoil. 
Length,  3^  miles;  greatest  breadth,  1533  yards;  area,  1266  acres,  or  about 
1§  sq.  miles. 

Climate. — Mean   temperature   of  year  =  64° -1;    hottest  month,  July  or 

>  A  very  important  Report  on  the  Mediterranean  Stations  was  published  bv  the  Barrack 
Improvement  Commissioners  (Dr  Sutherland  and  Captain,  now  Sir  Douglas,  Galton). — Blue 
Book,  1863. 
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Aiif^t^TD^'B ;   coldest  month,  January  =  55° ;   amplitude  of  the  yearly 
iluctoation,  20**  "8  (  =  difFerence  between  liottei*t  and  coldest  montlis). 

Mean  monthly  maximnm  and  minimum  in  shade — hottest  month,  Jidy  or 
August — mean  maximum  =  84  "'2  ;  coldest  month,  January — mean  mini- 
mum, ¥1^*9.  Kaiige  of  liighest  and  lowest  monthly  means  of  maximum 
and  minimum,  34*,  Extreme  yearly  ninge  (diflerence  between  highest  and 
lowest  temjieniture  recorded  in  the  time)  aliout  63*.  The  minimum  ther- 
momct<ir  on  grass  sometijne.s  falls  k>  4"^  or  6^  below  freezing.^ 

RainfalL — ^Mean,  32*8  inches  (mean  of  seventy  yeara^  1790-1860)* 
Greatest  amonnt  in  any  one  year,  75'8  (1855),  Legist  amount  in  anyone 
ye^ir,  15'1  (1800).  In  1888,  47*81  ;  1889,  30-86.  The  imptirkmce  of 
this  great  variation,  as  regards  sieges,  is  evident ;  Gibrsdtar  might  be  em- 
barr.ussed  for  water  if  the  rainfall  were  only  15  inclies  in  a  year  of  siegt*. 

Numher  of  Rainy  Days  =  %B.  Tho  rain  is  tlierefore  infrer|ucnt,  but  hea^^^ 
The  rain  falls  in  nine  months^  ^September  to  Jlay;  greatest  amount  in 
pJanuary  and  Xovember;  most  rainy  days  in  A|>riL     Summer,  rainless* 


Humidiiy. 

Gni$n»  of 

ReUltlve 

Iicw-imliit. 

V^dpfiof  in  « 

BuinUIlty 

cubic  foot 

!Wlt=^»UO, 

55* '9 

5-76 

72-3 

67  -9 

7-60 

707 

Lary,             4^5 

3*26 

691 

Mean  ilew-jxiint  of  year,    . 

Mean  lii^liest  dew  jM>int  iti  August,  . 

Lowest  dew-i>oint  in  January  or  Febraary, 

Gibraltar  is  thus  s<^en  t<»  have  rather  u  dry  climate ;  at  any  rate,  the  air  is 
on  an  average  onJy  three  parts  satnrat4*d  with  muisture,  and  therefore  evafKJf- 
ation  from  the  skin  and  lungs  will  be  kderablj  rapid,  provided  the  wind 
move-s  freely.  It  is  certainly  not  a  moist  inf5uJar  climate,  as  might  have  been 
anticipated.  At  the  times  of  rain,  however,  and  during  tlie  foga  and  moist 
siroct^o,  the  air  i;^  nearly  satumted. 

Winds. — Chiefly  N.W.  or  8.W.  or  W.  in  January,  Aj^ril,  May,  June,  and 
C)etf)her.  Eivsterly  in  July,  Angiistj  and  September.  But  sometimes  the 
easterly  winds  are  more  prevalent,  or  may  be  moderate  for  almost  the  whole 
year.  The  east  and  south-east  winds  are  sirocco  (Levanteroe),  and  are  often 
aecompaniod  by  rain  and  fogs. 

Sanltarf/  CondUions. 

Water  Suppii/, — The  tptaiUity  was  formerly  very  deiicient ;  in  1861  only 
2|  gallons  daily  were  sujudied  for  non-commissioned  ofticers  and  privates* 

Sources, — WeDs  and  rain-water  stored  in  tanks.  Very  large  tanks  have 
Ijeen  constructed  in  two  of  the  ravines,  with  arrangements  for  passing  into 
them  a  large  amount  of  surface  water ;  and  wells  have  been  dug  at  the 
north  end,  near  the  neutral  groimd,  wliich  yield  a  large  supply  of  water : 
thii',  however,  is  only  used  for  sanitary  purposes,  as  it  is  contaminated  by 
j>erc<»lation  from  the  se^ 

Quality. — The  most  of  the  well  water  is  very  hartl,  and  in  s«)me  eases 
ahnost  brackish.  In  one  sample  analysed  at  Notley  there  were  nearly  83 
grains  of  chlnrine  per  gallon,  equal  t^)  nearly  140  grains  of  sdkaUne  chlorides. 
Some  of  tlie  wells  contain  a  gooti  deal  of  organic  matter,  whilst  othere  are 
com  lucratively  free.  In  most  of  them  there  is  a  large  qnantity  of  nitrates, 
pointing  unequivocally  to  the  oxidation  of  animal  organic  matter.  Recent 
exi>erimpnt(d  1  wirings  have  not  been  very  encouraging  as  regards  quality  of 


Avero^  ol  ten  fcnni*  observation^  1S7&-1888.    See  A,M, IK  R^porU. 
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water.i  The  tank  water  is  good  wht^n  filtered ;  but  the  tanks  require  fre- 
quent inspection  imd  cleaning. 

Many  of  the  houses  of  t!ie  civilians  have  tanks,  and  no  new  hotiai^  is 
allowDtl  t<>  be  built  without  a  t^ink.^  Tlie  distribution  of  water,  both  to 
soldiers  and  civilians,  is  defective  ;  it  is  almost  eiitindy  by  hand. 

Draifmje. — The  sewf^rs  have  been  mueli  improved.  Surgeon-Creneral  A- 
H»  Froser  re]:>orted  in  1884  that  **the  drainage  and  general  sanit^iry  condi- 
tion was  satisfact4:»ry  on  the  whole."  The  outlet  of  the  main  drain  is  (1890) 
about  to  he  taken  to  Euroiwi  f^oint,  to  meet  a  constiint  cuiTent,  which  will 
effectually  remove  the  sewage  from  the  vicinity  of  the  rock. 

Barracks. — About  one-tlunl  of  the  ganison  is  in  casemates,  which  have 
been  described  tis  "  mere  receptacles  of  foul  air,  damp,  dark,  and  unwhole- 
some." ^  The  barracks  are,  for  the  most  part^  badly  arranged  ;  the  average 
cubic  space  in  1862  was  oidj  about  4o0  feet,  and  the  average  superficial 
space  under  40 ;  but  in  no  case  now  (1890)  is  the  average  cubic  space  less 
lian  600  feet.  Ventilation  was  very  defective,  especially  in  the  casemates, 
but  this  has  been  greatly  iuiproved.  The  means  of  ablution  and  the  latrines 
and  urinals  were  also  defective.  In  all  those  points,  however,  great  improve* 
mcnt  has  taken  place.  Tlie  duties  are  not  hciivy,  and  the  rations  are  said  to 
be  gooti  In  1860  some  improvements  were  made  in  the  dress  of  the  troops, 
and  a  light  summer  suit  ordered.  Flannel  next  the  skin  has  been  recom- 
mended strongly  for  Gibraltar,  on  account  of  the  occasional  cold  winds. 

Health  of  Hit  Civil  Population, 

Gihralttir  is  now  a  place  of  considerable  trade ;  whether  the  Government 
have  been  right  in  allowing  a  mass  of  people  to  herd  closely  together  in  the 
midfit  of  the  most  imjiortant  fortress  we  possess  is  very  questionable.  In 
case  of  a  siege  they  would  be  a  serious  emharnussmcnt,  and  even  in  time  of 

ce  they  are  objectionahle.      The  health  of  this  community   has   been 

lifferent,  but  has  latterly  improved.  In  1860  tlie  northern  district,  where 
*f©pulation  is  densest,  gave  38  deaths  per  1000,  or  excluding  cholera,  33 '5  ; 
in  the  more  thinly  populated  soutliern  end,  the  nnu'tality  was  27*5  per  1000, 
or  niure  than  8t  Gih's',  in  London.  In  1887  the  dejith-rate  was  27*7  ;  in 
1888,  20  5;  in  1889,  21*3.  The  deuths  in  children  under  one  year  form 
(1888-89)  about  one-thiid  of  the  total  mortality*  The  prevailing  causes  of 
tliis  niortiihty  are  tid^ercidous  diseases  and  pneumonic  phthisis ;  pnenmonia 
and  whoo|iing-cough.  Enteric  fever  is  a  comparatively  rare  disease  :  averoge 
of  3  years,  1886-88,  0*65 ;  1889,  027  per  1000. 

In  this  conq]res.sed  and  dirty  iKipulation  several  great  epidemics  have 
occurretl.  The  bulw  plague  does  not  appear  to  have  been  seen  since  1 649, 
but  the  earlier  rec(^rds  are  very  imperfect ;  yellow  fever,  however,  prevailed 
in  1804.  1810,  1813,  and  1828.  Cholera  has  prevailed  several  times  ;  the 
last  time  was  in  1885. 


HEALTH   OF    THE   TROOPS. 

1.  Loss  of  Strengili  %  Death  and  Invalulmf/, 
\a)  By  Death. — Gibraltar  has  never  suffered  from  any  great  sickness  or 

^  For  analyses  of  water  of  Gibraltar,  see  Beports  on  Hygitjiie,  Army  Mtdical  MsporU,  ftila. 
irviiL,  xix-,  xx.^  nnd  xxi. 

«  **  At  present  thuy  reaiain  tindeaned  for  a  lifetime/'— -iHNiwi  Report  on  the  PuMic  Bralth, 
GiSbfoUar,  1888. 

»  Barrack  Oommi/moner^  Report^  p.  37. 
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"mortality,  except  in  yellow  fever  or  cholera  years.  At  the  time  when  the 
mortiility  on  home  service  wais  17  or  18  per  1000  of  strength,  it  was  usually 
not  more  than  1 2  at  Gibraltar.  Of  late  years  both  sickness  and  mortality 
have  heen  helow  that  of  home  service,  eai>ecially  in  the  latter  years.  In  spite 
of  thin  comparative  healthiness,  it  ia  quite  certain  that  much  preventible 
disease  oxistetl,  and  in  jiart  still  exists,  on  the  Rock, 

Mnrfality  per  1000  of  Stmt^th. 


V«ii*. 


iSST-'ie  (10  years), 

1801-70  (10  ycare), 

1870-79  (10  yenrs), 

1878-87  (10  years). 
1888.    . 


Dcnih»  from 

Totn!  r»cnthH. 

DtAeaau  aIcdv 

12-9 

5-65 

8-54 

6-98 

6*89 

8-37 

2-96 

The  progressive  diniiiiution  is  reEiarknble,  and  shows  what  is  possible  in 
reducing  mortality  among  soldiers. 

Cames  of  Bettth.- — In  the  earlier  years  the  chief  causes  of  death  were 
phthisis  and  continued  fever,  which  was  douhtle&s  enteric  fever.  Of  late 
years  phthisis  has  declined  ;  enteric  fever,  on  the  contrary^  increased  up  to 
1863>  hai3  since  then  decHned  in  frequency,  thongh  not  in  fatiiHty  per  cent 
of  attacked. 

The  admissions  from  phthisis  averaged  11  per  1000  of  strength  in  the  ten 
years  1 836-48  ;  %vhile  in  the  eight  years  1859-66  they  were  only  7 '63.  In 
the  years  1863-66  the  deaths  and  invaliding  together  from  phthisis  were 
only  3 '72  per  1000  of  strcugtli,  or  hanlly  more  than  the  deaths  alone  at 
home.  In  1879-83  the  admissions  were  4*8  ;  deaths  101  ;  invalided,  2*07. 
In  1884-88,  these  figures  were— 3*94,  07,  and  1'22:  in  1888,  2*3,  0*42,  and 
1*06.  The  decline  in  phthisis  seems  therefore  certain,  but  still  it  is  pL»S8iblf* 
that  it  is  not  even  now  so  low  as  it  might  be. 

The  continued  fevers  gave  75*7  admissions  \wr  1000  of  strength  in  the 
yeai-s  1837-46,  and  ^S'^i  in  the  five  yeai*s  ending  1863.  Tliere  w:is  also  an 
increase  in  mortiiHty.  In  the  three  years  ending  1866  the  admissions  fell 
to  an  average  of  42,  and  the  decline  was  progressive..  Of  late  thi^  adniis- 
aions  have  increased,  the  numbera  for  1869-78  being  77  per  1000,  in 
1879-84  nearly  157,  In  1885  there  were  5*7  per  1000  admissions  for 
enteric  fever:  in  1886^  this  number  was  increased  to  36*7,  the  disease 
having  l>een  imfwrted  from  Egypt»  and  only  sprearling  to  a  limited  extent  in 
the  garrison  :  in  1887t  7'6j  and  in  1888,  15^4,  Other  continued  fevers  gtive 
154  per  1000  in  1885,  but  since  then  there  has  been  a  great  reduction,  the 
figures  being  40,  23,  and  28  for  the  years  1886-7-8.  Tliese  are  chiefly 
simple  continued  fever,  and  so-called  Rock  fever. 

During  late  years  much  has  been  done  in  Gibraltar  to  give  the  men 
more  breathing  s[>ace  and  ventilation,  hence  the  decline  in  phthisis  which 
was  80  Intal  foinnerly  when  the  men  virere  crowded  in  casemates.  Wbeji 
their  barracks  are  still  further  improved,  we  shall  see  a  still  greater  Icsaen- 
ing  of  phthisis. 

The  amount  of  heart  disease  was  formerly  great,  and  pr<-ibably  arose  from 
i]w  same  conditions  as  at  home.     It  has  latterly  dimmished  considerably. 

Formerly  dysentery  and  diarrhoea  were  common  ;  now  they  are  infro^picnt 
and  mild  ;  in  the  three  years  1886-88  there  wna  not  a  single  case  of  dysentery. 
Coincident  with  the  presence  of  cholera  in  Europe  there  w*ere  only  two 
cases  :  both  of  these  were  fatal. 

Everything  iwints  to  the  fact  that  Gibraltar  itself  is  a  perfectly  healthy 
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place,  and  that,  when  the  sanitary  alterations  now  going  on  arc  completed, 
the  sickness  and  mortality  will  be  trifling. 

Influence  of  Age  on  Mortality  at  Gibraltar. 


Years. 

Deaths  per  1000  of  Strength  at  each  Period. 

Under 
20. 

20  and 
under  25. 

25  and 
under  80. 

30  and 
under  35. 

35  and 
under  40. 

40  and 
upwards. 

1878-87 
1888 

4-19 
0-00 

5-23 
2-13 

5-61 
4-92 

7-70 
3-22 

8-34 
0-00 

25  06 
0  00 

These  numbers  compare  favourably  with  the  home  returns. 

(6)  By  Invaliding. — The  number  of  men  sent  home  for  change  of  air  and 
discharge  varies  greatly  from  year  to  year ;  the  average  of  10  years,  1878-87 
was  33,  but  quite  recently  it  has  diminished  to  about  20  per  1000.  The 
chief  diseases  are  fevers,  general  debility,  rheimiatism,  and  phthisis.  The 
other  diseases  are  in  smaller  number,  but  are  numerous.  Dysentery  and 
liver  diseases  used  to  be  common  causes  of  invaliding,  but  both  are  now 
absent.  The  total  nimiber  was  19  per  1000  in  1888,  of  whom  only  6*75 
were  finally  discharged. 

2.  Lo88  of  Service  by  Sickness. 

The  admissions,  the  mean  daily  sick,  and  the  duration  of  the  cases,  are 
all  below  the  home  standard. 


Per  lOaO  of  Strength. 

^^^                          Annum. 

1 

Mean  dally 
Sick. 

Mean  Stay  In 

Hospital  of  each 

Sick  Man  in  Days. 

1837-56,                    976-0 
1861-70            1        742-0 
1870-79,           1        669-4 
1878-87,                   835-2 
1888,                         586-3 

36-57 
35-88 
49-68 
36-47 

18-39 
19-62 
21-71 
22-77 

The  venereal  diseases  cause  a  good  many  admissions.  Prostitutes  are  not 
under  compulsory  inspection.  Digestive  disorders  give  a  large  number  of 
admissions,  and  have  always  done  so,  but  in  the  latest  returns  they  are  some- 
what declining. 

Sanitary  Duties  at  Gibraltar. — Sir  Douglas  Galton  and  Dr  Sutherland 
indicated  the  measures  which  should  be  adopted,  viz.,  a  better  supply  of 
water  by  arranging  for  a  larger  storage ;  a  better  drainage,  with  sea  water 
for  flushing,  and  a  diff'erent  outlet;  and  an  improved  ventilation,  with 
less  crowding  in  barracks.  Most  of  the  plans  have  been  carried  out  as 
far  as  practicable.  There  is  no  doubt  these  measures  will  greatly  improve 
health. 

Supposing  war  were  to  arise  at  this  moment,  and  that  we  lose  the  com- 
mand of  the  sea  for  a  time,  the  points  of  danger  would  apparently  be 
these : — 


MALTA. 
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1.  DefieuiU  Wukr^  the  Rainftdl  being  unceriain. — The  new  wells  near  the 
neutral  gi'omul  cannot  obviate  this  danger,  as  the  water  is  not  of  good  <]ua]ity; 
it  would  have  to  be  supplied  by  distiUation,  and  it  would  be  pnident  ti*  keep 
a  good  ajjparatus  always  at  Gibmltiir.  The  amount  of  storage  has  been  in- 
creased of  kte  years. 

2.  Overcrowdtmf  and  Bad  VmtUationy  Imdinfj  to  Spotted  Ti/pkus. — AVith 
a  full  garrisonj  and  with  some  barracks  untenable,  there  is  no  doubt  there 
would  be  serious  danger  of  Uiis  disease  ;  and  it  h  a  matter  of  great  moment 
Ui  ventilate  as  perfi'etly  as  possihle  all  cusematea  wldclj,  even  if  now  disused, 
must  be  used  in  time  of  war. 

3.  Eitttrk  Frv€r,—^j  means  of  the  improved  drainage  system  now  under 
construction  this  cause  of  danger  might  soon  Iwi  entirely  removed. 

4.  DketiMii  arufi7i(/  in  the  Town^  and  spreadinrf  to  the  Garrimn. — In  cas6 
of  war,  it  would  seem  most  desirable  to  clear  out  tlie  native  town  as  far  as 
it  can  he  done.  More  space  and  more  water  would  he  available.  There 
would  be  less  chance  of  fanune,  destitution,  and  disejise. 


Malta. 

Bize,  17  miles  by  9.  Areii,  91 J  sq.  miles.  Usual  peace  garrison  =  5000 
to  7000  ;  ]icriod  of  service,  three  years  ;  jwpulation  (civil)  m  1887  =  138,826. 
Population  of  Yaletta  (1881)  ^67,584, 

6Vo/^>f;^.— ^Soft^  porous  rock;  the  gi'eeterpart  is  sandstone  resting  on  hard 
limestone  ;  in  some  parts  there  is  marl  and  eonil  limestone  over  the  sandstone. 
In  the  centre  of  the  islaiid,  at  Citta-Vecchia,  there  is,  in  onler  from  the 
surface,  alhivium,  upper  limestone,  red  siind,  nuii^l,  sandstone,  and  lower 
limestone.  Yalettii  is  on  thin  alluvium,  with  thick  sandstone  helow,  and 
hcneath  this  the  lower  liuiestone. 

Clijnate{(ii  Valttia), — Mean  of  they  ear,  ^  %^^ ;  hottest  month  (July  or  Aug.) 
81^;  coldest  (January),  55-;  amplitude  of  the  yearly  Hue tu a tion,  20'';  extreme 
yearly  range  (from  highest  to  lowest  temperature  in  shade),  56",  from  96"^  in 
July  to  40  ■  in  January  ;  mean  yearly  range,  about  4S\ 

Undulations  f»f  temperature  are  fret [U en t,  juid  t!iere  are  often  cold  winds 
in  winter  frnm  N.W.  The  south-east  wind  is  an  oppressive  sirocco,  raising 
the  temperature  to  110"  or  93°.  It  is  chietly  in  the  autumn,  and  blows  for 
from  GO  to  t^O  days  every  year.  At  Citta-Vecchia  {GOO  feet  above  the  sea) 
the  temj>erature  is  lower  and  the  air  keener.  KaiJifall  about  24  inches. 
Chief  niin  in  Noveml^er,  December,  aJid  ♦lanuary  ;  less  in  February  and 
March  ;  small  in  aTHount  in  the  other  months.  From  June  to  August  almost 
i*ainless. 

Humidity. — Mean  of  1809-80 ;  observations  at  9.30  a.>l  Relative 
humidity,  70. 

Malta  thus  appears  to  he  a  dry  climate,  n**.,  with  a  moderate  relative 
humidity* 

Sanitary  ConditioH. 

Much  has  been  done  of  kte  years,  and,  as  far  as  external  cleanliness  gioes, 
Valctta  is  very  clean.  Water  is  conveyed  from  springs  hi  the  ujjper  lime^ 
stone  hill,  8  nales  8.W.  of  Valetta  l>y  the  Wignacourt  Aqueiliiet,  to  Vfdetta 
and  distribuU'd  by  iron  pipes,  so  that  now  at  Floriana  and  Vidt'ttii  there  is 
a  constant  sufiply,  under  i>ressure,  of  pure  water.  AH  the  barracks  are 
supplied  from  this  source :  there  are  also  numerous  public  t^ips  and  it  has 

1  Avenge  of  tttn  yoftn'  obfiervnUou^  1879-88.    Se«  AMM,  ReporU, 
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been  introiIiictMl  intf>  many  lioitse??.     Valetta  is  also  supplied  with  aii  ixDptm> 
water  for  iiiu^lung  purposei?  (Wcitl-el-Kebir  water). 

The  new  fbniiiiage  system  conveys  the  sewage  by  a  cirLuitous  ronU^  • 
the  sea  at  soiul'  cbstance  frr»ni  the  mouth  of  the  Grand  llarbtmr  ;  tlie  -i 
sewers  are  clean,  the  gradients  aullicient  to  give  a  rapid  flow,  and  the  flushing 
apparatus  i^'orka  eftit!iently.    The  condition  of  house  drain.^  is  less  satisfactor}^ 
due  to  defective  conatTUction  and  improper  us<^  on  the  part  of  the  iiccupiers. 

Tlie  barracks  are  indii!erent,  many  easeinates  l>eing  used,  and  hniJdings 
which  were  intended  for  stores  and  not  for  habitations.  They  arc  built  of 
soft  sandstone,  which  both  crumbles  and  absorbs  wet.  In  some  cases  all 
sanitary  considerations  have  been  sacrifieetl  for  the  purposes  of  defence. 
Tlie  ventilation  of  the  casemates  was  very  bad,  but  many  improvements 
have  taken  place.  The  Barrack  Commissioners,  in  their  Report,  recommendeil 
that  in  e^er}'  way  wliicli  it  coidd  be  done  the  ventilation  sliould  be  improved 
by  admittin^^  the  windj  especially  from  the  north,  and  that  each  barrack  would 
require  a  sepuratc  plan  to  meet  the  pirticular  case.  They  recommendecl  tliat 
air  shafts  should  be  made,  much  largi  r  than  ordered  for  home  service,  viz,, 
1  squine  inch  for  every  20  cubic  feet  of  sfKace^  or  for  a  barrack-room  of  twelve 
men  with  rc^n^ilation  space  (7200 -r- 20  =  )  360  square  inches  (  =  2i  square 
feet)  of  outlet  opening-  8onie  of  these  points  have  been  carried  out  with 
very  good  results.  All  tlie  ban-ucks  are  now  supplied  with  new  and  re- 
muddled  married  quarters,  witli  proper  appliances. 

iJuring  the  hot  weather  the  space  is  increased  by  making  tlie  men  sleep 
under  canvas  every  alternate  ni^^ht*^ 

A  gymnasium  is  provided  both  in  Cottonera  and  Valetta,  and  all  the 
barracks  are  well  provided  with  reading,  recreation,  and  school  roouLS.  The 
means  of  ablution  are  now  very  gootl  in  all  the  barracks,  and  tliere  we  now 
water  latrines  and  slate  or  earthenware  urinals  are  provided. 

We  miry  therefore  hope  that  a  diminislied  amount  of  disease  may  bo  the 
result  of  these  improvements,  although  much  remains  to  be  done  to  make 
the  corulition  of  the  troops  as  g<it»d  as  it  ought  to  be.  It  is  proposed  to 
build  new  barracks  immediately,  and  money  has  been  voted  for  that  purposeu 


Ileal tk  of  tfi^  Civil  Population, 

There  is  some,  but  no  great  amount,  of  malarioua  disease  and  enteric  fover 
but  a  good  dc^l  of  the  so-called  *'  Malta  fever."  ^  Typhus  is  not  at  present 
seen.  Bubo  plague  hajs  prevailed  seven  times,  the  last  in  1841,  slightly. 
Yellow  fevur  has  been  known,  but  not  of  late  years.  Cholera  has  occurred 
four  times,  the  !a3t  in  1 B8L  Measles  has  been  frequent  during  1888  and 
1889  :  diphtheria  is  also  common.  Dysentery  is  common  ;  taenia  not  uifre- 
quent ;  ophthalmia  was  formerly  conmioUj  from  dust  and  glare.  Boils  or 
anthrax  are  frequeiit ;  rheumatism  is  not  micommon,  and  phthisis  is  said 
to  be  frequent.  The  average  mortidity  for  nine  years  (1878-86)  was  in 
towns  13*74  i»er  1000,  and  in  vilhiges  17  "23  per  1000.  The  enteric  fever 
death-rate  during  the  same  period  was,  in  towns  0*27  per  1000,  and  in 
villages  O'M  per  1000.  The  death-rate  of  children  under  5  years  of  age  is 
still  excessive^  the  largest  mortality  being  due  to  enteritis  and  convulsions^ 


1  Report  by  SuiEeon-Gein  ral  W.  A,  Muckiniirtn,  C.B,     A.M.D.  BepirrUy  vol,  ixii.  p.  23Si. 
*  See  piipers  by  Drn  MarHtou  ami  Boileau  in  vo!s.  iii.  and  viii.  of  tli«  A, MM.  Reports;  aIm 
ft  papci  V  8ufg«on  David  Bnice,  M.B.,  B.MJ.,  1889,  vol.  i. 
>  R^^  m  the  Cholera  Mpitlcttuc,  1887,  by  Prof.  8.  L.  Pisimi,  M.D.,  and  Malta  Oa^lt^ 
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Health  of  tht  Ti^ooiM. 

The  health  of  the  troops  is  worse  than  at  Gibraltar,  but  it  has  BingailarJy 
fluctuated  (even  ^rithout  great  epideniica),  more  so  probably  thoji  at  any 
wttition  in  the  &time  latitude.  The  mortahty  has  varied  as  mueh  as  thrcefold 
without  cholera. 


T«. 

LOM  ol  Strength  per  lODO  per 
BnnimL, 

Loia  ol  8erTlei!  per  1000  per      , 

tlLDUlBU 

Total 

Dontlw 

frmn 

Dtoeue. 

tovAlldlng. 

AdnUs- 

AiOllil. 

DftVfl  in 
Hchpiml  u> 

Miiiu 

1837-46,      , 
1861-70  (10  years),      . 
1870-79  (10  years),      . 
187^87  (10  yews),     . 
1888,  .... 

15-30 

1S*40 

077 

9-76 

e-2fi 

5*67 

22-'20 

80-00 

14*38 

8-81 

1120-0 
798  0 
837*8 
811-0 
547*3 

43-79 
43-31 
42-35 
60-01 
33-24 

10*'81 

18*45 
21-50 
22'28 

It  18  curious  how  alternations  of  health  and  sickness  occur  chiefly  from  the 
variations  in  the  fevers  of  different  kinds,  especially  enteric,  remittent, 
and  so-called  ilalta  fever,  whieli  has  a  long  course,  a  great  tendency  to  rheu- 
matic sequel,  and  little  mortsility. 

In  1867  there  was  a  terrible  outbreak  of  eoiitinued  fever,  chiefly  among 
the  troops  quartered  in  the  notorioiisly  wdicalthy  l>arraeks  of  Lower  St 
Ehiio  and  Fort  Kicasoli.  The  admissions  rose  to  228,  and  the  tleaths actually 
amounted  to  no  les8  than  7 '93  per  1000  of  streni^'th.  In  1872  there  wa« 
also  a  great  deal  of  fever,  th^  itthnissions  being  233,  and  tlie  deaths  3*91,  per 
1000  of  strength.  In  1878,  also,  there  were  209  aditiiissions  and  5*16  deaths 
per  1000  of  strength,  the  deaths  being  in  almost  all  cases  enteric.  In  1884 
tlie  de^itht?  from  enteric  fever  alone  were  4  74  per  lOOO  of  strength;  and  in 
1888,  1-89,  the  athiiissions  being  only  2  8  per  1000. 

Tn  former  y<Mirs  phthii^i^  wai5  the  cause  of  39  per  cent,  of  the  deaths,  nr 
nearly  the  same  as  at  (uhrultiir.  latterly  there  have  been  fewer  deaths  at 
Malta,  but  a  oonBiderable  number  of  tubercular  cases  are  sent  home.  The 
disease  is  probably  detected  earher,  and  the  men  do  not  die  as  foniierly  at  the 
station,  Still  this  does  not  account  for  the  whole  diminution,  and  there  has 
Ijeen  clearly  a  decided  lessening  of  phthisis.  There  was  formerly  a  large 
amount  of  stt>niaeh  and  bowel  disea^^e,  and  dysenkTy  was  forty  times  ajs  fre- 
quent as  in  England.  It  is  certaiidy  a  very  remarkable  circumstance  that 
both  at  Gibraltar  luid  JIalta  there  aho^dd  have  been  this  extraonlinary 
liability  to  aHeetions  of  the  alimentiiry  canal.  At  Malta  as  at  Gibraltar,  it 
may  have  heeu  chiefly  owing  to  impure  water  and  to  food.  Uf  hite  years 
stomach  and  bowel  atFections  have  been  much  less  freqitetit.  In  the  three 
years  1878-80  the  admissions  at  Malta  were  only  4-4,  ajid  in  1880  ordy  2-2 
per  1000  and  no  deaths. 

In  1887  a  severe  epidemic  of  cholera  visited  Malta,  hut  it  was  almost 
entirely  contined  Us  the  civil  population.  The  Cholera  Commission  failed  to 
discover  the  date  or  the  manner  of  tlie  intnxluction  of  the  disease.  Only 
one  fioMier,  and  one  marine  on  board  one  of  H,M.  ships  contracted  the  di**- 
eaae.     The  following  statement  gives  the  result  of  this  epidemic  ; — 

Civil  populutton,        .        »       759  attacked  and  403  deaths  (01  per  cent). 
Soldiers,     .        .  ,  1        „  1      ,* 

Marines,  1m  ^      n 
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The  history  of  admission  for  venereal  iliscase  is  important;  in  1837-46, 
inclusive,  the  adnii.ssions  were  only  99  per  1000,  or  two-tliirtls  less  than  at 
home;  in  1859,  when  the  next  refwrt  appeared,  they  were  149  per  1000; 
and  in  1860  they  were  147 -9  per  1000*  In  the  early  period  there  were  police 
rcgulationii,  whieh  were  suspended  in  the  two  latter  years.  In  June  l^^M 
the  puliL'e  regidationa  were  re-enforced,  and  the  admiasions  for  the  yenr  .-^luk 
to  102,  The  4th  battJilion  of  the  Pi.ilie  Brigade  showeil  the  follomn^^  rem  ark- 
able  reHvdt: — In  the  first  half  of  1S61  there  were  57  admissions  ;  in  the  last 
half  only  17.  In  1862  the  total  number  of  cases  of  '*enthetie  clis^^aac"  in 
the  whole  garrison  was  only  49*5  ;  in  1863,  44-1;  and  in  1864,  53*2  per 
1000.  They  were  increased  in  that  year  by  the  women  who  came  from 
Ionia  with  the  troops.  In  1865  they  were  44;  in  1866,  59*6  per  lOOO. 
In  1870  and  1871  the  admissions  were  very  few;  in  the  latter  year,  which 
was  the  worst,  the  ailmisaions  of  primary  syphilis  were  only  8'3  per  1000  of 
strength.  In  1888  they  were  13*2  per  1000,  If  the  home  return  is  looked 
atj  it  will  be  seen  what  an  effect  Ivan  been  i>rr>duced  at  l^Ialta  by  good  regu- 
lations, although  the  number  of  cases  tiuctuates  from  causes  traceable  ti> 
epccial  inEueiices;  thr^  reduction  is  almost  entiicdy  of  syphilis,  not  of 
gonorrhoea.  In  the  latter  years  there  has  been  an  increase  and  coasider- 
ahle  fluctuations. 

Such,  then,  in  hrici,  Bmni  to  he  the  chief  medical  points  of  importance  at 
Malta,  viz.,  a  liiibility  to  phthisis,  less  marked  of  late  years  ;  a  great  amount 
of  fever,  from  bad  saniUry  eotiditioiis  in  great  part ;  a  habiUty  to  stomach 
and  uitestinal  affections,  which,  though  less  obvious,  is  still  greats  The 
chief  improvements  advised  by  the  Barrack  Commissioners  refer  to  a  larger 
water  supply,  a  better  distribution,  improved  drainage,  and  etiicient  ventila- 
tion ;  all  of  which  are  being  carried  out  as  far  as  possible. 

In  the  time  of  war,  the  dangers  at  I^falta  would  he  the  same  as  a^ 
Gibraltar ;  the  aqueducts  might  be  cut  by  a  besieging  force,  and  the  water 
supply  restricted  tc»  Umks.  Although  these  are  capable  of  holding  a  large 
quantity,  they  art*  not  now  used,  and  could  not,  perhaps,  he  rapidly  tilled. 
The  garrison  might  bo  driven  to  distil  the  sea  water,  A  still  more  serious 
danger  would  be  the  overcrowding  of  a  war  garrison.  Doubtless,  in  case  of 
a  war,  the  garrison  would  otdy  be  concentrated  in  the  lines  whun  the  siege 
commenced.  But  the  crowding  during  a  siege  of  three  or  six  ranutlis  might 
be  very  disiifatrous.  The  danger  should  he  provided  for  beforehand  by  a 
clear  recognition  of  what  accommodation  would  be  grantetl  for  war,  and  how 
it  is  to  be  obtained  without  viohiting  either  the  conditions  uf  health  or  of 
defence. 

Ofi  Htc  fnjlurftce  of  A^e  on  Moriitlity  in  Malta. 


Deaths  per  I OW  or  Stnaigth  at  eaah  Period.                     ' 
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Cyprus. 

This  station  was  first  occupied  in  1878.  It  is  an  island  in  the  Levant, 
about  40  miles  from  the  nearest  mainland,  and  258  from  Pi>rt  Said  at  tJie 
entrance  of  the  Suez  Canal     Sixe,  1 40  miles  by  60,  area  about  3700  square 


miles  J  ci\nl  population,  186J73,  Usual  peace  garrison,  700  to  800,  Our 
inlornijition  about  the  cliuiatt?  is  imperfect,  Imt  it  apjMurs  to  resemble  tliat 
of  Malta,  with  greater  rauifall, 

Tiie  stations  at  present  oecupied  are  Nicosia  (592  feet  above  the  aea),  m 
heiiclquarters :  Limasaol  (50  feet) ;  Poljnnedia  eanip  (480  feet),  hy  the  hulk 
of  the  troop«,  from  October  to  May;  and  Mount  TrrMwlos  (5720  feet),  from 
June  t<5  Octol>cr.  The  avenige  strength  (1889)  was  744  officers  and  men. 
The  m^nii  temperature  at  Polyiuedia  during  the  cooler  season  (November  to 
May  inclusive)  is  about  65°,  of  Mount  Troodos  (May  to  September  in- 
chisive)  about  64*  Falir.  The  rainfall  appears  to  hie  considerable,  being 
about  30  inches  nt  Polymedia,  in  the  seven  months,  Novemljer  to  Hay 
inclusive.     The  prevailing  wind  would  appear  to  be  X,W. 

On  the  first  occupation  in  1878  there  was  a  great  amount  of  sickness, 
chiefly  from  paroxysiaal  fever, ^  This  apfjeared  to  nnHG  from  the  unsuitable 
sites  selected  for  the  temporary  camps  jmd  the  turning  up  of  soil  infiltrated 
with  organic  matter.  During  the  live  months  (24th  July  to  31st  Decem- 
ber 1878)  there  were,  out  of  a  strength  of  894  non-commissioned  officers 
and  men,  3931  admissions  for  disease  and  36  deatlis,  «ir  at  the  ratios  of 
4397  ami  40*3  per  1000  respectively.  Expanding  those  to  an  annual  rate, 
they  amount  to  10,094  admissions  and  92  deaths  per  1000  strength,  an 
enormous  amount :  84  per  cent,  of  the  admissions  and  61  per  cent,  of  the 
deaths  were  due  to  fever,  almost  all  paroxysmal  (so-called  remittent).  In 
1879  (strength  600)  there  was  a  great  improvement, — the  ratios  being 
1470  admi.ssions  and  21  deaths  per  1000,  35  per  cent,  of  the  admissions  and 
50  per  cent,  of  the  deaths  being  still  due  trj  paroxysmal  fever.  In  1880 
(atreiigth  443)  the  total  admissions  were  1002'2  and  the  deaths  only  2*26 
per  1000  stn*ngth,  Paroxsymal  fevers  gave  only  196*4  of  admissions  and 
no  deaths.  Dmng  the  ten  years,  1879-88,  the  admissions  averaged  922, 
and  t!ie  deaths  10*33  jht  1000.  Both  these  ratios,  especially  the  dciith- 
rate,  arc  higher  than  normal,  owing  to  arrival  in  the  island,  in  1882  and 
1885^  of  troops  whose  health  had  liecn  seriouijly  affected  in  tlie  Egjpt iin 
ciimpaigns  of  those  years*  In  1888  the  admissions  were  966,  the  deaths 
3*51  (from  disease  alone,  2*34),  the  invaliding  4'68,  and  the  constantly  sick 
54-72  per  1000. 

The  possil>ility  of  {ducing  the  tr<jops  in  the  hills  at  a  considcralJe  eleva- 
tion (Mount  Troodos,  5720  feet),  durmg  the  hottest  months,  will  always  be 
a  great  advantage  to  this  Bt^Jtiou, 

Nicoitia. — Headquarter  camp ;  strength,  46  ;  situ.ittfd  on  a  slopu  towanls 
the  north ;  exposeil  to  all  winds  ;  barracks  and  ipmrters  built  of  wood ; 
water  derived  from  well  and  distributed  by  water-carts ;  described  as  **  most 
healthy." 

Lhnamfd, — Camp  situated  a  quarter  of  a  mile  from  the  town  ;  strength,  49. 
Soil  a  rich  loam  ;  barra*  ks  in  the  \q>|jer  tloor  of  a  stone  buililiug,  the  lower 
floor  bi'ing  used  as  officios,  <fcc.  ;  water  supply  from  sprin^%  and  wells  sunk 
close  to  the  river,  5  miles  from  Limassol  ;  the  sup[)ly  i^  liuiit^H]  i,8iM?<'ially 
during  the  dry  season  ;  a  few  sjioradic  eases  of  enteric  fe\'er  have  ix'curred. 

Polymedia. — ^Sttmding  camp,  3  miles  north  of  Liniass^d,  There  are  hut 
barracks  well  raised  off  the  ground  ;  water  derivi^l  from  spring  4  nnli*s 
distant,  conducted  in  stoneware  pipes  to  concrete  cistern,  holding  50,000 
gallons,  and  distributed  by  water-carts :  it  is  ample  in  quantity  and  of  good 
quality. 

Mount  Troodos  is  the  summer  camp ;  the  water  is  derived  from  springs, 


*  Mepi>ri  m  the  Fepert  o/O^jmu^  by  Dr  F.  C.  Heidenstniit,  C.M.G.,  18S6. 
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and  lately  supply-pipes  have  been  laid  down  tliroiigh  the  camp,  and  a  pump- 
ing  engine  erected. 

Egypt. 

The  British  garrison  in  Egypt  has  fliictuated  in  strengtli  considerably 
since  the  cami^iign  of  1882.  The  average  strength  in  1886  was  11,000; 
since  then  it  has  diminished  to  3346  (1888).  The  stations  at  present 
occupied  are  Cairo  and  AJexajidria :  Asj^iut,  Assuan,  and  other  places  in  the 
Kile  Valluy  have  lieeu  occiipied  fox  short  periods  at  various  times, 

Tlie  cHnuite  of  Egypt  is  extremely  dry  ;  in  Lower  Egypt  it  is  sub-tropical, 
becoming  trapical  in  the  upper  provinces.  The  mean  tij^mjieratiire  at  Abba^ 
fiiyehj  !iear  Cairo'  (1884-88)  was  70" '2,  the  coldest  month  being  January, 
53' -6,  and  the  hotkfst,  July,  83^*8.  In  1888  the  absolute  minimum  was  36" '4 
in  January,  and  the  absolute  maximum  111**8  in  July.  The  mean  relative 
humidity  in  the  live  years  wiis  5846,  ranging  from  44  in  Juno  to  69*7  in 
January,  The  rainfall  averaged  1*22  inches  yearly.  The  climate  of  Alex- 
Lmdrijfc  is  cooler  and  less  dry  than  that  of  Cairo. 

The  chief  disetisea  of  the  troops  have  Ix^en  fevers,  venereal  and  digestire 
diseases.  Enteric  fever  has  been  very  prevalent  In  1883-84  the  admissions 
were  29'2,  the  deaths  5*71,  and  the  invaliding  1093  per  1000,  In  1886 
the  admissions  rose  to  66-3,  the  deaths  were  21*79,  and  the  invalitling  24*77 
per  1000.  These  figures  had  fallen  in  1888  to  28 '7  admissions,  5-98  deaths, 
and  invaliding  2*99  per  1000.  The  prevalence  of  the  diseiuse  has  not  been 
traced  to  any  insanitary  condition  of  the  birracks  or  camps  occupied  by  the 
troops  {except  to  a  certain  extent  at  the  riverside  encampment  at  Assuan), 
nor  to  contaminated  water  or  food  sujiplies,  but  has  been  ascribed  to  the 
general  insanitary  sUite  of  the  towns  of  Egypt,  whose  soil  is  polluted  with 
the  filth  of  ages.  The  dejith-mte  of  the  |>opulation  of  Cairo  in  1887  was 
46-8  per  1000;  of  Alexandria,  43  per  lOCO. 

Other  fevers,  chieHy  ^'  simple  continued,"  caused  a  ratio  of  142*7  arlmis- 
sions  in  1883-84,  178-2  in  1886-87,  and  132  7  in  1888  ;  there  was  Httie  in- 
validing, and  no  mortality,  from  this  cause. 

Venereal  diseases  caused  187-6  admissions  per  1000  in  1886-87,  and  212*2 
in  1888.  These  figures  are  lower  than  in  previous  years,  there  having  been 
370  admissions  jjer  1000  in  1884. 

Diseases  of  the  digestive  system,  chiefly  affections  of  the  mouth  and 
throat,  furnisli  a  good  many  admissions  but  few  deaths. 

Dysentery  ha^  caused  a  large  number  of  admissions  and  several  de»aihs, 
but  it  has  ix'curred  iis  a  sequel  of  campaigns,  rather  than  tis  an  ordinary 
disease  to  which  the  trrxips  are  liable.  In  1888  there  Avere  50  admissiona, 
and  2-39  deaths  ]>er  1000, 

Egypt  was  visited  by  an  epidemic  of  cholera  in  1883,  which  attacked  the 
troops  in  July  and  August  i  the  total  niunber  of  cases  was  194,  and  tlw 
deaths  were  142,  being  in  the  ratios  of  29  and  21  per  1000  respectively 
(inclutling  officers  and  men).  The  epidemic  was  much  more  severe  in  Cairo 
than  at  Alexandria.  It  was  noticed  that  the  men  of  tlie  j^fetlical  8taii' Corps, 
and  regimental  orderlies  in  attendance  on  cholera  cases,  sulfered  out  of  tdl 
] proportion  to  the  troops  in  general :  of  182  sick  attendant^  33  were  attacked 
and  21  dieil,  or  in  the  ratios  of  181  and  115  per  thousand.  The  ratios  were 
really  mucli  higher  than  this^  as  not  all  of  the  182  were  actually  in  attendance 
on  cholera  cases. 

In  former  timew  Egypt  was  notorious  for  the  prevalence  of  eye  affections, 
and  the  native  population  stiU  suffers  largely  from  this  class  of  disease. 


WEST  INDIES. 

In  1882  the  adraissions  anioDgst  the  trcM^iis  worn  in  the  ratio  of  178  jkh*  1000, 
but  since  that  year  they  havi*  never  reacliod  70  pur  1000,  and  the  iiuraher 
constontly  sick  has  fluctuated  hetweeu  1  and  '2-5 :  the  commonest  atfection 
has  been  conjunetivitiA 

Tijere  is  a  marked  difference  in  the  health  of  the  troops  at  different  seasons 
of  the  year.  Taking  an  avemge  of  the  seven  years,  1883-9  inckisive,  the 
admission  rate  per  1000  for  all  diseiises  in  February  is  only  75  per  1000, 
and  for  fevers  8  p^r  1000.  The  ratios  both  for  ail  admissions  and  foi'  fcvcra 
increase  until  June,  when  they  stand  at  124  and  2ib  respectively  ;  July 
remains  about  the  same,  and  in  August  a  further  increase  takes  place  to  128 
aud  33  :  from  this  time  a  steady  decrease  takes  place  imtil  February.  This 
curve  (jf  admission  ration  corresponds  very  closely  with  the  curve  of  mean 
monildy  tempemtures,  which  reaches  ita  maximum  in  July,  and  falls  to  a 
mini  mum  in  Januarj'. 


SECTION  n. 
WEST    INDIES. 


T]ie  history  of  sanitary  science  affords  many  striking  instances  of  the 
removal  of  dise^ase  to  an  extent  almost  incredible,  but  no  instance  is  more 
wonderful  than  that  of  the  West  Indies,  Foiincrly  service  in  tlic  We^t 
ludies  was  lookwl  on  as  almost  certain  death.  During  the  latter  part  of  the 
last  century  the  time  for  the  disappearance  of  a  regiment  1000  strong  was 
frequently  only  five  years.  Occasionally  in  a  single  year  a  regiment  would 
lose  300  men,  and  there  occurred  from  time  to  time  eix>chs  of  such  fatidity 
that  it  was  a  common  opinion  that  acmie  w^onderful  morbid  power,  retta  uing 
in  cycles  of  years—some  wave  of  poison — swept  over  the  devoted  islands,  a.a 
suddi'n,  as  unlooked-for,  and  as  destructive,  as  the  hurricanes  which  so  sorely 
plague  the 

"  Golden  isles  set  in  the  diver  sea." 

What  gave  countenance  to  this  hypothesis  was,  that  sometimes  for 
months,  or  even  for  a  year  together,  there  would  be  a  pericKl  of  health  so 
gre^it  that  a  i-egiment  would  har^^Uy  lose  a  iumii.  But  another  fact  less 
noticed  was  not  so  consistent  with  lite  favourite  view.  In  Die  very  worst 
years  there  were  some  stations  where  tlie  sickness  was  triHing ;  while,  more 
wonderful  stDl,  in  the  worst  sUitions^  and  in  the  worst  years,  there  w^ere 
instiinces  of  regiments  remaming  couiparatively  healthy,  wlnle  their  neigh- 
bours were  literally  decimated.  And  there  occurreil  also  instances  of  the 
soldiers  dying  by  scores,  while  the  health  of  the  civil  inhabitants  in  the 
J Qi mediate  vicinity  reraamed  as  usual 

If  anything  nK»re  were  wanted  to  show  the  notion  of  an  epidemic  cycle  to 
be  a  mere  hypoiliesis,  the  recent  medical  history  of  the  West  Indices  would 
prove  it,  At  present  this  dreaded  service  has  almost  lost  its  terrora.  There 
still  occur  h>cal  attacks  of  yellow  fever,  which  miiy  cause  a  great  mortality; 
but  for  the^e  lociil  c^iuses  can  be  found  ;  and  othi'rwise  the  stations  in  the 
West  Indies  can  now  show  a  degree  of  salubrity  almost  equalling,  in  some 
cases  surpiissing,  tliat  of  the  home  service. 

The  cmises  of  the  jiroduction,  and  the  reasons  of  the  cessation,  of  tliis 
great  mortality  are  found  to  be  moat  simple.  It  is  precisely  the  same 
lesson  which  we  should  grow  we^iry  of  learning  if  it  were  not  so  vital  to  ua. 
The  simplest  conditions  were  the  destructive  agent*  in  the  West  Indies. 

2q 
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The  years  of  the.  cycles  of  disease  were  the  years  of  overcrowding,  when 
military  exigencies  demanded  that  large  garrisoua  shoidd  hold  the  islands. 
The  sanit^iry  conditions  at  all  times  were,  mthout  exeeptiou,  infamous. 

There  was  a  great  mortality  from  scorbutic  tlyseatery,  which  was  almost 
entirely  owing  to  diet.^  In  former  times  the  troops  were  fed  on  salt  meat 
three,  and  sometimes  iivCy  days  a  week,  and  the  supply  of  fre^li  vegetables 
waa  scanty.  It  required  all  the  influence  of  Liml  II o wick,  the  then  Se^-re- 
tary  of  War,  to  cause  fresh  meat  t«-^  be  iBsued,  though  it  had  been  pointed 
out  by  successive  races  of  mediciil  olfi eel's  tliat  fresh  meat  was  not  oidy  move 
wholesome  but  was  actually  clieaper.  Tlie  result  of  an  imp*roveraent  in  tlie 
diet  was  murvelloiis  ;  the  scorbutic  ^lyRentery  at  once  lessened,  and  the  same 
amount  of  mortality  from  this  cause  is  now  never  seen.  Another  cause  of 
dysentery  was  to  be  fomid  in  the  water,  which  was  impure  from  being  drawn 
from  calcareous  strata,  or  was  turbid  and  loaded  with  sediment.  The  sub- 
stitution of  rain-water  hjis  sufficed  in  some  stations  to  remove  the  last  traces 
of  dysentery. 

If  the  food  and  water  were  bad,  the  air  was  not  less  so.  Sir  Alexander 
TullcHih  has  given  a  picture  of  a  single  barrack  at  Tobago,  said  to  be  the 
"  best  in  the  whole  Windward  and  Leeward  command,"  ^  the  figures  of 
which  tell  their  own  tale. 

Barrack  at  To!>ago  in  1826. — Superficial  space  per  man,  22 J  feet;  breadth, 
23  inches ;  cubic  space,  250  feet. 

The  men  slept  in  hammocks  tontdiing  each  other.  In  these  barracks, 
crowded  as  no  barracks  were  even  in  the  coldest  climates,  there  was  not  a 
single  ventilating  opening  except  the  doors  and  windows  ;  the  air  was  fcetid 
in  the  highest  degree.  With  this  condition  of  atmosphere  it  is  impossible 
not  to  bring  intt>  connection  Llie  extraordinary  amount  of  phthisis  wliich 
prevailed  in  the  soft  and  equable  climate  of  the  West  Indies,  There  was 
more  phthisis  than  in  England,  and  far  more  than  in  Canada.  The  finst 
great  im|)rovement  was  made  in  1B27,  when,  iron  bedsteads  being  intro- 
duced, each  2  feet  3  hu  lies  wide^  with  I  foot  interval  between  every  two, 
greater  wall  space  was  obliged  to  be  given  to  each  mam 

Every  arrangement  for  removal  f)f  sewajre  was  barbarous,  and  in  every 
barrack  sewage  accumulated  round  the  buildings,  and  was  exposed  to  heat 
and  air  When  yellow  fever  attacked  a  regiment,  every  stool  and  evacua- 
tion was  thrown  into  the  cessjiKKjls  common  to  all  the  regiment ;  and  in  this 
way  the  dise^ise  was  ju'Opagated  with  great  rapidity,  and  was  localised  in  a 
most  siugidar  manner^  so  that,  a  few  hundred  yards  from  a  barrack  where 
men  were  i lying  l\y  scores,  there  would  be  no  case  of  fever.  In  spite  of 
this,  it  was  many  years  before  the  plan  of  at  once  evacuating  a  barrack 
where  yellow  fever  prevailed  was  adopted. 

The  barracks  themselves  were  usually  very  badly  constructed,  and  when 
in  some  cases  the  architects  had  raised  the  kirracks  on  arches  innn  the 
ground,  in  order  to  insure  ]>erHatiou  of  air  below  the  buildings,  the  arches 
were  blocked  up  or  converted  into  store-rooms ;  and  the  barracks,  with 
spaces  thus  filled  with  stitgnant  air  l>eneath  them,  were  more  unhealthy 
than  if  they  had  been  planted  on  the  ground. 

The  localities  for  barracks  were  often  chosen  without  consideration,  or  far 
milit4iry  reasorus  into  which  no  consideration  of  health  entered.  Almost  all 
were  on  the  plains,  near  thr^  mercantile  towns,  where  the  soil  was  most 


1  TJiis  is  pointed  out  in  tlie  SiaUstkal  HeptfTi  (1838)  m  the  WeM  Indies^  by  TiiUocIi  and 
Bairour ;  and  it  is  believed  thnt  the  ifiiprovoment  ill  tlie  ditjt  wiis  in  a  great  nieasura  owriag 
to  the^M!  geatlenkon. 

3  Jiep<^rt^  1838. 
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makrimis,  and  the  climate  hottest  and  most  enervating.  Malarious  fevers 
were,  therefore,  common. 

To  all  these  c^iuses  of  disease  were  addctl  the  errors  of  the  men  them- 
selves. For  the  ofiicers  there  existed,  in  the  old  slave  times,  the  greatest 
temptation.  A  reckless  and  dangeroiw  )ius]>iUility  reigned  everywhere : 
the  houses  of  the  rich  plantcm  were  open  to  all.  A  man  was  deemed 
churlish  who  did  not  welcome  every  comer  with  a  full  wine,  or  more  often  a 
brandy,  cup. 

In  a  climate  where  healthy  physical  exertion  was  deemed  Impossible,  or 
was  at  any  rate  distasteful,  it  was  lield  to  be  indispensable  to  eat  largely  to 
maintain  the  strength*  To  take  t\vo  breakfasts,  each  a  subsfcintial  meal,  waa 
the  usual  custom  ;  a  heavy  late  dinner,  frequently  followed  by  a  supper, 
succeeded ;  and  tr»  spur  the  reluctant  ajiiietite,  glasses  of  bitters  mid  spirits 
were  taken  before  meals. 

The  private  soldiers  obtained  without  ditficulty  abundance  of  cheap  rum, 
which  was  often  poisoned  with  leiub  I>ninkeimess  was  almost  imiversal, 
and  the  deaths  from  delirium  tremens  were  frequent  and  awfully  suddaiL 
The  salt  meat  they  were  obligetl  to  eat  caused  a  raging  thirst,  which  the 
mm  bottle  in  reality  only  aggravated. 

To  us  these  numerous  causes  seem  sulJicient  to  account  for  everj' tiling, 
but  in  former  days  an  easier  explanation  was  given.  It  was  held  to  be  the 
climate  ;  and  the  climate,  as  in  other  parts  of  the  world  besides  the  West 
Indies,  became  the  convenient  excuse  for  pleasurable  follies  and  agreeable 
vices.  In  orticr  to  do  away  with  the  ell'ects  of  this  drcailed  climat<?,  some 
mysterious  power  of  acelimatisiition  was  invoked.  The  European  system 
recjuired  time  to  get  accustomed,  it  was  thought,  to  these  climatic  influ- 
enees,  and  in  order  to  quieken  the  process,  various  measures  were  proposed. 
At  one  time  it  was  the  ens  torn  to  Ijleed  the  men  on  the  voyage,  so  that 
their  Eurofiean  bloo<l  might  be  removed,  ami  the  fresh  blood  which  was 
made  might  be  of  tlie  kind  most  germane  to  the  West  Indies.  At  other 
times  an  attack  of  fever  (ofkm  brought  on  by  reekless  drinking  and  ex- 
posure) was  considered  the  grand  preservative^  and  the  seasoni^ng  fever  w*as 
looked  for  with  anxiety.  The  hrst  statistical  report  of  the  army  swept 
aw^ay  all  these  fancies,  and  showed  conclusively  tlmt  instead  of  prcdonged 
residence  producing  acclimatisation  and  lessening  disease,  disease  and  mor- 
tality increased  regularly  ^^'ith  every  year  of  resiclence, 

Tlie  progre^  of  years  has  given  us  a  ditlerent  key  to  all  tliese  results.  It 
is  now  fully  recognised  that  in  the  West  Indies,  as  elsewhere,  tlie  same  cue- 
toms  will  insure  the  same  result.  Apart  from  malaria,  we  hold  our  health 
and  life  almost  at  will.  The  amount  of  siekness  has  immensely  decreased. 
Among  the  measures  which  have  wrought  such  marvels  in  the  West  Indies 
have  l>een — 

1.  A  better  supply  of  food ;  good  fresh  meat  is  now  i^ned,  and  vegetables^ 
of  which  there  is  an  abundance  everywhere. 

2:  Better  water. 

3.  More  room  in  barracks, 

4.  Removal  of  some  of  the  stations  from  the  plains  to  the  liills,  a  measuro 
which  has  done  great  good,  but  which  can  explain  only  a  portion  of  the 
improvement  The  proper  heiglit  to  loe^ito  troops  is  by  most  army  surgeons 
considered  to  be  at  some  point  alxjve  2500  feet. 

5.  Better  sewerage  arrangements,  and  more  attention  generally  to  sanitary 
conservancy. 

6.  A  more  regidar  and  temperate  life,  both  in  eating  and  drinking,  on 
the  part  both  of  officers  and  men. 
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7.  The  occupancy  of  the  unhealthy  places,  when  retained  as  stations,  by 
black  troops. 

8.  A  better  dress.  It  is  only,  however,  within  comparatively  recent  years 
that  a  more  suitable  dress  has,  at  the  instance  of  the  late  Sir  J.  B.  Gibson, 
been  provided  for  the  West  Indian  Islands. 

The  army  stations  in  the  West  Indies  are  Jamaica,  Barbadoes,  and  St 
Lucia.  British  Guiana,  on  the  mainland,  is  part  of  this  command.  There 
are  a  few  artillery  and  some  black  troops  in  Honduras,  Demerara,  and  the 
Bahamas. 

The  period  of  service  is  now  three  or  four  years :  formerly  it  was  eleven 
or  twelve,  but  this  was  altered  after  the  first  statistical  report.  Usually  the 
Mediterranean  regiments  pass  on  to  the  West  Indies,  and  subsequently  to 
Canada.  The  total  number  of  British  troops  serving  in  the  West  Indies  is 
now  very  small. 

The  proper  time  for  arriving  in  the  West  Indies  is  in  the  beginning  of  the 
cold  season,  viz.,  about  the  beginning  of  December,  when  the  hurricanes  and 
autumnal  rains  are  usually  over. 

For  recent  years,  statistics  for  the  separate  islands  are  not  available :  for 
the  whole  West  Indian  command  the  following  figures  show  that  the  con- 
dition of  the  soldier  is  vastly  improved : — 


Year. 


1878-87,  \ 
10  years,  J 
1888,       . 


Lo88  of  Strength  per  1000  per  annum. 


Total  Deaths. 


16-18 
3-44 


Deaths  from 
Disease. 


2-58 


Invaliding. 


14-27 
7-73 


Loss  of  Service  per  1000  per  •nn^^w^ 


Admissions. 


952-9 
1098-8 


Mean  Daily    ^f7f*°^T 


Sick. 


46-42 
55-55 


pltali 
Sick  Man. 


17-74 
18-50 


On  the  Influence  of  Age  on  the  Mortality  in  tlie  West  Indies. 


Year. 

Deaths 

per  1000  of  Strength  at  each  Period. 

Under  20 
years. 

20  and  under 
25. 

25  and  under 
80. 

80  and  under 
35. 

85  and  under 
40. 

40  and 
upwards. 

1878-87,  \ 
10  years,  J 
1888,  . 

10-85 
0-00 

16-51 
2-86 

13-90 
3-67 

18-91 
14-92 

18-75 
0-00 

19-87      1 
0-00 

Jamaica. 

Present  strength  of  white  garrison,  about  450 ;  black  trooi>s,  500  to  600. 
Population  of  island  estimated  at  580,000;  area,  4200  square  miles.  A 
range  of  lofty  hills  (Blue  Mountains)  divides  Jamaica  into  two  parts,  con- 
nected by  a  few  passes.  The  troops  were  formerly  stationed  chiefly  in  the 
south  plains,  at  Kingston  (40,000  inhabitants),  Port-Royal,  Spanish  Town, 
Up-Park  Camp,  Fort-Augusta,  &c. 

Since  1842  some,  and  now  nearly  all,  the  troops  are  at  Newcastle,  in  the 
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J  3800  feet  alxDve  the  seii,  with  detachments  at  Up-Park  Camp  and  Port- 
]h)jfd.  The  other  stations  are  now  disuiiied  for  white  troops.  The  sanitary 
condition  at  Newcastle  was  fonwerlj  not  good  ;  the  sewerage  arrangements 
were  very  imperfect ;  it  is  now  greatly  improved,  the  tlry  earth  system  having 
been  adopted  The  water  supply  is  now  derived  from  collecting  grounds 
higher  than  the  barracks  and  above  all  sources  of  contamination ;  the  water 
is  of  gootl  quality. 

Climate. — ^The  climate  is  very  different  at  the  different  Btations.  At 
Kingston  (seadevel) — temperature,  mean  of  year  =  78'*;  hottest  month, 
July,  mean  =  8F"71;  coldest  month,  January,  mean  =  75 '65 ;  mean  yearly 
Huctuations  =  6**06,  Undulations  trifling.  The  climate  is  limited  and 
equable.  At  Newcastle  the  mean  annual  temi>erature  is  about  66" ;  hottest 
month,  August  ==  6 7''* 7. 5  ;  coldest  month,  February  =  52'.  The  diunitd  range 
is  consideiuble,  but  the  annual  fluctuation  is  trilling  (about  6"),  The  mean 
of  the  year  is  therefore  much  lower  than  on  the  plainj? ;  the  anipHtude  of 
the  yearly  tluctiiiition  alwut  tlie  same ;  the  diurnal  change  greater. 

Hunmltti/. — This  is  considerable  in  the  plains^ — often  from  80  to  90  per 
cent  of  saturation  =  7  to  9  grains  of  vapwur  in  a  cubic  foot.  At  Newcastle 
the  mean  yearly  dew-point  is  about  60** ;  the  amount  of  vapom*  in  a  cubic 
foot  of  air  is  5*77  grains;  the  mean  yearly  relative  h timidity  i^  68  per  cent, 
of  saturation. 

Bain. — Amount  on  the  plains  =  50  to  60  inches,  in  spring  and  autumn, 
viic.,  April  and  IMay,  and  October  and  November.  Showers  in  July  and 
August.  At  Newcastle,  in  1889,  there  were  164  inches,  of  which  30  inches 
fell  in  Octt>hf*r. 

ll7/i<^A— Tolemhly  regular  land  winds  at  night,  and  sea  breezes  in  the 
hot  and  dry  months  during  the  heat  of  the  day.  The  central  chain  of 
mountains  turns  the  north-east  trade  wind,  so  that  it  re^iches  the  south  side 
diverted  from  its  eomse ;  from  December  to  February  the  wind  is  often 
from  the  north,  and  brings  rain  and  fogs  ("  wet  northers  ").  The  south- weM 
wind  in  April  and  May  is  very  moist.  The  hurricane  months  are  from  the 
end  of  July  to  the  beginning  of  November.  The  elimnte  in  the  plains  ia 
therefore  hot,  equable,  and  hmuid, 

Ileaiih  of  the  Black  Civil  Populcttion. 

Of  the  specific  diseases,  smallpox  and  the  other  exanthemata  are  common. 
Spotted  typhus  is  said  to  he  unknown  ;  enteric  fever  is  said  to  be.  imcom- 
mon,  bnt  is  prolxibly  more  comnifm  than  is  supposed.  Influenza  has  pre- 
vailed at  times,  and  also  the  so-called  dandy  or  polka  (Dengue).  Cholera  has 
prevailed  severely.  Malarious  fever  is  eonmion  over  the  whole  of  the  south 
plains.  Yellow  fever  has  been  common,  though  less  frequent  and  severe  among 
tiio  blacks  than  the  wliites.  Dysentery  is  common,  t!iough  it  has  always 
laeen  less  frequent  than  among  the  troojia.  Orgiuiic  heart  disease  is  frequent. 
Liver  diseases  are  uncommon.  Spleen  diseime,  in  the  form  of  leucocythajmia, 
is  common  among  the  blacks  (Smanla),  Gout  is  said  Ui  be  frequent^  and 
scrofula  and  rickets  to  be  infrequent.  iSypliilis  is  not  common,  but  gonor- 
rhoBa  is.  Cancroid  of  the  skin  and  elephantiasis  of  the  Arabs  (pachydennia) 
are  comnmn.     Leprosy  is  also  seen* 

Healih  of  the  Troops, 

In  the  years  1790-93  the  annual  morUdity  of  the  white  troops  varied  in 
the  different  stations  from  111  (Montego  Bay)  to  15*7  per  lOOO  of  strength 
at  St4:mcy  Hill  {1380  feet  above  seaJevcl).     In  the  years  1794-97  Uie  mo^ 
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tality  was  much  greater ;  the  most  unhealthy  regiment  in  the  plains  lost 
333,  the  most  healthy  45*4,  per  1000  of  strength;  at  the  hill  station  of 
Maroon  Town  (2000  feet)  the  mortality  was,  however,  only  15*6  per  1000. 
In  the  years  1817-36  the  mean  mortality  was  121-3 ;  the  mean  of  the  four 
healthiest  years  gave  67,  and  of  the  four  unhealthiest  years  259  per  1000. 
The  causes  of  death  in  these  twenty  years  were  mostly  fevers. 

The  admissions  in  these  years  were  1812  per  1000  of  strength.  In 
1837-55  the  following  were  the  mean  results: — Mortality  per  1000  of 
strength — white  troops,  60*8 ;  hlack  troops,  38-2.  Admissions  per  1000 — 
white  troops,  1371 ;  hlack  troops,  784.  So  that  the  mortality  had  declined 
one-half. 

In  1864  the  mortality  was  much  helow  the  home  standard.  In  1867  it 
ran  up  nearly  to  the  old  amount,  from  the  prevalence  of  yellow  fever,  which 
in  that  year  prevaUed  again  in  Newcastle,  and  caused  a  greater  loss  than  it 
had  done  in  1860.     The  statistics  of  the  white  troops  were — 


Years. 

Losa  of  Strength  per  1000  per 
annum. 

Loss  of  Service  per  1000  per 
annum. 

Total 
Deaths. 

Deaths 

from 

Disease. 

Invalids. 

Admis- 
sions. 

930-8 
1192-9 

Mean 
Daily  Sick. 

Dajstn 

Hospital  to 

each  Sick 

Man. 

1861-70  (10  years),      . 
1871, .... 
Highest  in  1867, 
Lowest  in  1864,  . 
In  1875  the  death-rate 
was, 

20-36 

18-51 

71-09 

7-35 

12-99 

13-51 

69-80 

5-88 

27-60 
30-40 
45-91 

40-63 
32-43 

78-95 

1610 
1517 
21-95 

Since  1875  no  separate  return  is  furnished  in  the  A.M.D.  Reports.  An 
increase  in  admissions  and  mortality  occurred  in  1865  and  1866,  owing  to 
the  exposure  of  the  troops  in  the  time  of  the  negro  disturbances,  and  their 
subsequent  partial  location  on  the  plains. 

Before  this  period  Jamaica  contrasted  favourably  even  with  home  service, 
and  particularly  so  with  India. 

The  mortality  of  the  white  troops  showed  a  marked  increase  with  age. 

The  following  seem  to  be  the  most  important  points  connected  with  the 
white  troops  which  require  notice. 

It  is  impossible  to  avoid  paroxysmal  fevers  without  placing  all  the  troops 
in  the  hills,  and  it  is  very  desirable  that  Newcastle  should  continue  to  be 
the  chief  station  for  white  troops. 

The  possibility  of  yellow  fever  occurring  at  an  elevation  of  3800  feet  was 
shown  by  the  appearance  of  yellow  fever  at  Newcastle  in  1860  and  1867. 
In  1860  occurred  the  remarkable  instances  of  contagion  on  board  the  ships 
"  Icarus  "  and  "  Imaum  "  described  by  Dr  Bryson.  Whether  yellow  fever 
was  imported  into  Newcastle  or  not  was  a  subject  of  discussion  ;  it  certainly 
appears  probable  that  it  was  carried  there ;  but  the  important  point  for  us 
is  that  mere  elevation  is  not  a  perfect  security.  There  were,  however,  only 
a  small  number  of  cases.  In  1867,  when  yellow  fever  again  ap]K\ared  at 
Newcastle,  it  was  imported,  apparently,  from  Kingston  and  Up-Park  Camp. 

In  the  returns  for  a  number  of  years,  cases  were  returned  as  "  continued 
fever  " ;  it  had  never  been  clearly  made  out  whether  or  not  these  were  cases 
of  enteric  fever  until  1873-4,  when  a  sharp  epidemic  occurred  at  Newcastle. 
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Formerly  there  was  a  large  number  of  cases  of  phthisb ;  phthisis  is  now 
imcoiiiTnou ;  in  1817-36  lung  diseii^os  (almoRt  entirely  phtliisis)  caused  7*5 
dettths  per  1000  of  strength^  or  more  than  in  England*  In  1859-66  tlie 
ratio  was  only  1'42  per  lOOO  of  strength  ;  in  1869-74  it  was  212,  and  in 
1875,  1-77  per  lOOa 

In  the  worst  times  in  Jamaica  it  was  always  remarked  that  there  was 
rather  a  singular  exemption  from  acute  liver  disejise  ;  very  few  caseis  appear 
in  the  returns  under  hep»atitis ;  whether  this  Is  a  matter  of  diagnosis,  or 
whether  there  was  really  an  immunity  compared  witli  India  or  the  Mauri- 
tius, is  a  question  of  great  interest  whieh  camiot  now  htj  solved.  At  present, 
liver  disease  unconnected  with  drinking  is  uncoiamon. 

Venereal  disftijses  have  never  prevailed  mueh  in  Jamaica  j  they  have 
caused,  on  an  avemge,  from  70  to  QO  admissions  per  1000  of  strength.  This 
is  owing  to  the  connection  usually  formed  between  the  black  women  and  the 
soldiers,  and  to  a  lessened  amount  of  promiscuous  intercourse. 

The  l»lack  troops  gave  a  mortality  of  24 "6  per  1000  (mean  nf  ten  years, 
1861-70),  e^specially  from  phthisiH. 


Trinidad. 

The  garrison  was  entirely  withdrawn  in  1889.  Civil  population,  190,000; 
area,  1754  square  milea 

Giohffff. — Tertiary  formation  of  Miocene  age  \  central  range  of  hills  is  an 
indurated  formation  of  Cretaceous  age ;  the  northern  litt^>rid  range  consists 
of  micaceous  slates,  sandstones,  limestones,  and  shales.  The  highest  bill  is 
3012  feet;  the  centred  hill  (Tamana)  is  1025 ;  ^Cth  of  the  island  is  swampy. 

Cfhnafe.- — Temperature  of  the  plains  :  Mean  of  year  about  79°  3  ;  coldest 
month,  January  =  78^;  hottest  montli,  May  =  81 ''5;  next  hottest,  October 
« 80^*4,  Mciui  annual  fluctuation,  3** '5.  The  climate  is  therefore  very 
equable  and  limited.  There  are,  however^  cold  wind.s  from  the  hills  blowing 
over  smaO  area>H. 

IJijfjroniefn/.—Mi}an  dew-point,  75***!  ;  mean  relative  humidity  =  81  i>er 
cent,  of  saturation;  mean  weight  of  vapour  in  a  cubic  foot  — 9*4  grains; 
most  hwnid  month  is  May,  as  far  as  the  amount  of  \^apour  is  concerned. 
Month  with  greatest  relative  humidity,  August. 

WindH  from  east  to  north-east  and  south*east.  West  winds  rare,  and 
opfiressive. 

Rain  on  the  Plains  about  60  to  70  inches.  Greatest  rsiinfall  in  one  day, 
4 '67  incbea  Dry  season,  Decemher  to  May,  June  and  July  showery. 
Heavy  rain  in  August^  September,  and  October. 

MSmutari/  Conditions. — St  Jameses  Barrack  is  on  a  depression  on  an  alluvial 
soil  three  miles  from  Port  of  8fjain,  the  capital ;  it  is  one  mile  from  the 
Cocorite,  and  three  from  the  (irent  Western  Swamp  ;  the  drainage,  for  many 
years  most  defective,  is  now  improved,  as  the  main  sewer  is  carried  to  the 
sea*  On  many  occasions  yellow  fever  has  prevailed  in  this  barrack,  anrl 
nowhere  else  in  the  island  ;  the  Jayt  occasion  was  in  1858-59,  and  then  it 
was  proposed  by  Dr  .Fameson  (the  principal  medical  officer)  t^  erect  barracks 
on  a  spot  2200  feet  above  sea-level. 

The  cap>itid,  the  Port  of  8pam  (34,000  inhabitants),  is  built  at  the  prin- 
cipal outfall  of  the  islantl ;  it  is  tm  a  low  and  unhealthy  plain*  Formerly 
it  was  so  unhealthy  as  to  be  scarcely  habitable,  hut  after  iR'ing  woU  draiJied 
and  pavetl  by  8ir  Ralph  Woodford,  it  has  become  much  healtliier.  This 
was  the  result  of  great  sanitary  etforts  in  a  very  unpromising  locality,  &nd 
should  he  a  lesson  for  all  climates. 
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There  is  still,  however,  much  nialarioiis  disea^se,  d}seiitn?y^i53 
yellow  fever ;  but  this  last  disease  has  occasionally  be*»n  very  severe  at 
James's  Barracks  without  a  single  ca^^e  l>eing  seen  in  Port  of  Spain, 
ascent  of  the  malaria  from  the  harmck  plain  is  certiiinly  more  than 
and  prnhtihly  a.s  much  as  1000  feoL 

The  death-mt^  of  the  civil  i>opulation  is  liigh  ;  in  1888  it  was  30*48, 
in  1889,  29'56  per  1000 :  over  one-fifth  of  the  deaths  are  of  cliildren  tmder 
one  year. 

LH^emes  of  Troops. — The  state  of  health  has  been  very  similar  to  tl 
of  Jamaica,  with,   however,   a  large   percentage  in  former  years  both 
phthisis  and  diseases  of  the  stomach  and  bowels^  chiefly  dysentery. 


Barbadoes. 

Strength  of  garrison,  300  to  400  men.     Civil  population  (in  1881),  180,00af 
ureit^  166  square  miles. 

GeoUj(pj. — Lime!?tone  (coralline) ;  sandstone  (Tertiary) ;  bods  of  bitunuU' 
oUB  matter  and  coal  (Tertiary) ;  clay  in  parts  (especially  in  the  hilly  distri< 
called  ''  Scotland  "). 

An  open  conutry,  well-cultivatetl,  no  marshes  except  a  smaO  one  at 
Graeme  Hall,  one  mile  to  the  east  of  St  Ann's  Barracks. 

The  country  is  divided  into  two  parts :  a  raoimtiiinons  district  termed 
"Scotland,"  and  a  lower  coimtry  consisting  of  a  scries  of  ^\q  gigantic 
terraces,  rising  with  some  regularity  one  above  the  other.  The  liighest  hiU 
ia  1100  feet. 

Cltmaie  of  the  P/aiw.^Temperature  \  mean  of  year,  80"  ;  hottest  month^^ 
(Octol>er),  83' ;  coldest  month  (January )j  TB"" ;  mean  yearly  fluctuation,  d*^^^| 
Cliniato  equable  and  limited.     Relative  humidity,  70  per  cent.  ^^ 

Wind. — N,E.,  trade,  strongest  in  Fehniary  Uy  May ;  weak  in  September 
to  ^''ovember  inclusive  ;  hurricane  month,  August. 

Main. — About  56  to  58  inches  on  an  average,  but  varjing  a  good  deal  in 
the   autunm  chiefly,  though  there  is  rain  in  all   montiia,  but  much 
The  dry  season  is  from  December  to  May. 

Water. — Formerly  snpplied  from  wellj?  which  were  brackish  and  unwhol- 
some  ;  it  was  highly  calcareous.     At  present  good  water  is  supplied  by  th 
Bridgetown  Waterworks  Company ;  lie  quantity  is  so  ample  that  there 
abundance  for  flushing  the  drains  and  sewers.     It  is  a  limestone  water,  con* 
taining  carl>onate  of  lime,  but  no  sulphate  of  lune^  and  is  remarkjibly  fre^ 
from  organic  matter.     The  total  solids  are  1872  grains  per  gallon. 

Sanitary  Condition, — St  Ann's  Barracks  arc  placed  about  one  and  a  half 
miles  from  Bridgetowm,  on  the  sea ;  the  locality  and  the  construction  of  th« 
barracks  have  been  much  complained  of,  and  a  position  in  the  hills  advised*' 
Since  1872  new  latrines  (Jennings*  pattern)  have  been  provided  and  th 
old  ones  closed.     Earth  closets,  working  automatically,  are  now  used 
some  of  the  barracks,  and  answer  well. 

Formerly  vegetables  were  very  deficient  in  Barbadoes,  and  even  now 
there  is  some  dttiiculty  in  procuring  them.  They  are  often  imported  from 
other  islands, 

Disecises  among  Chil  Population, — YeUow  fever  has  appeareil  frequentlr.; 
It  is  not  so  common  as  formerly ;  from  1839  to  1881  there  were  nine  ep; 
demica. 


1  For  an  extremely  good  and  concise  account  of  Barbadoeai  we  Dr  Jtuneson*8  Report  in  1 
drmif  Medical  R^ori  for  1361^  p.  261. 


BAHBADOES — 8T   LUCIA. 


617 


Barbadoes  and  Trinidjid  contrast  greatly  in  the  freedom  from  marshes  uf 
the  one,  and  the  oxistenco  of  marshps  and  malarious  diseases  in  the  other ; 
but  liarbadoes  has  had  as  nrnch  yellow  fever  ob  Trijiidad. 

Dysentery  was  eonimon  formerly,  jmrtly  from  bad  water ;  influenza  hoa 
been  epideniie  several  timea,  Barhadoes  leg,  or  elephantiiL^is  of  the  Arabs, 
18  fro(|uently  seen.  Leprosy,  or  elephaDtiasLs  Grajcorom,  is  abo  not  very 
uaeonimon.     Variola  and  pertussis  liave  from  time  to  time  been  ver}'  bad. 

Draeunculus  used  t^j  be  very  frequent,  and  H diary  attributes  it  to  the 
drinking  water,  and  states  that  there  were  some  ponds,  the  water  of  which 
was  known  to  "generate  the  worm  if  washed  in  or  drunk.^*  Yaws  used  to 
be  common.     CoHca  pictonum  wi^  formerly  frequent. 

Diseases  of  Troops, — Yellow  fever  has  several  times  been  very  fatil. 

Of  late  ye^rs,  as  in  all  t!ie  other  islands,  the  sickness  and  mortality  has 
been  comparatively  trilling. 

In  1859-65  tho  tobd  deaths  were  6-98  per  1000,  and  in  1866  they  fell 
to  3'28  per  lOOOj  which  was  only  one-tturd  the  mortality  of  home  service. 
Tlie  highest  mortality  of  late  years  was  in  1862,  viz.,  16"77  ;  the  average 
numlKT  id  admissions  is  about  1200. 

The  increased  mortiility  of  1862  wiis  owing  to  yello%v  fever.  It  appeared 
first  among  the  civil  population  in  Bridgettjwn,  and  afU'xwards  attacked  the 
troops  in  the  {stone)  barracks.  As  it  continued  to  spreiul,  the  men  were 
moved  out  and  placed  under  canvas,  \viih  the  best  elTects.  A  remarkable 
feature  of  this  epidemic  was  that  the  officers  suSered  in  attacks  six -fold  more 
than  the  men,  and  had  a  mortality  more  than  twenty  fold.  The  women 
also  sufi'ered  three-fold  more  than  the  men.  Formerly  the  case  would  have 
lw?en  reversed. 

As  in  the  other  inlands,  the  black  tn3op8  are  now  much  more  imhealthy 
than  the  white,  and  the  sanitary  condition  of  tlieir  barracks  and  their  fooil 
evidently  requires  looking  into.  Phthisis  and  chronic  dysentery  are  the 
chief  diseases  causing  mortidity.  The  avemge  of  1859-64  gave  1015  admis- 
aiona  and  2046  deaths  per  1000  of  strength. 


St  Lucia. 

Strength  of  garrison  =  100  men,  now  usually  black  troops.  Civil  popula- 
tion, 42^500  ;  areji,  243  square  miles. 

St  Lucia  is  divided  into  two  parts:  Basseterre,  the  lowest  and  most 
cultivated  part,  is  very  swampy;  Capisterre,  hiUy,  with  deep  narrow 
ravines  full  of  vegetation.  The  climatcj  is  similar  to  that  of  thf^  other 
islands,  h«t  is  more  rainy  and  humid.  Annual  niitifall  (1889),  100  inches; 
chiefly  in  showers,  short  Imt  drenching.  The  wetae^ison  extends  from  June 
to  Novemlwr  (60  inches).  The  heat  is  tempered  l)y  a  N.K.  wind  which 
blows  almost  constantly.  There  are  a  few  whit<?  troops  at  Mount  Fortime, 
an  excellent  site  at  an  elevation  of  850  feet,  a  mile  and  a  half  from  Cfistries, 
the  cliief  town  of  the  ishmd. 

DiB&jm»  of  the  Whit4!  Tro^jpit, — From  1817-36:  average  strength,  241  ; 
average  deaths,  30^  122*8  per  1000  of  strength.  Of  the  122*8  deaths,  63*1 
were  from  fevers,  39 "3  from  bowel  disease,  and  12*5  from  lung  disease. 
Pigeon  Island  (a  few  miles  from  St  Lucia)  was  formerly  so  unhealthy  that 
on  one  occasion  22  men  out  of  55  died  of  dysentery  in  one  year,  and  of  the 
wdiole  55  men  not  one  ei^caped  sickness.  The  cause  is  8Upj>osed  to  have 
been  had  water.  Now  Pigeon  Island  is  considered  healthy.  Although  the 
mortality  was  formerly  so  great,  8t  Lucia  has  been  very  heidthy  for  some 
^ears.     In  1859,  mean  strength  of  white  troops,  96;  admissions,  113  ;  and 
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there  was  not  a  single  death,  although,  if  the  mortality  had  been  at  the  rate 
of  the  twenty  years  ending  1836,  12  men  would  have  died. 

Better  food,  some  improvement  in  barracks,  and  the  use  of  rain  instead 
of  well  water,  have  been  the  causes  of  this  extraordinary  change. 

British  Guiana. 

No  white  troops  are  at  present  stationed  at  Demerara. 

Area,  109,000  square  miles.     Population,  277,000. 

This  station  in  the  West  Indian  command  is  on  the  mainland,  extending 
from  the  equator  (nearly)  to  10**  N.,  200  to  300  miles,  and  inland  to  an 
imcertain  distance.  It  is  a  flat  alluvial  soil  of  clay  and  sand,  covered  with 
vegetation.  The  water  of  Georgetown  is  not  good ;  it  is  drawn  from  a  fresh- 
water lake  and  an  artesian  well ;  the  water  from  tliis  well  contains  a  good 
deal  of  iron. 

Trade  winds  from  N.E.  and  E.  for  nine  months.  In  July,  August,  and 
September,  S.K  and  S.  and  land-winds.     This  is  the  unhealthy  season. 

Two  wet  seasons,  January  and  June ;  the  last  is  the  longest 

Temperature  of  summer,  86* ;  of  winter,  82*.     Rain,  about  100  inches. 

The  climate  is  most  highly  malarious,  but  this  does  not  cause  much 
mortality. 

Bahamas  and  Honduras. 

The  black  troops  garrison  both  these  places,  and  show  a  degree  of  mortality 
nearly  the  same  as  in  the  other  stations,  the  amount  of  phthisis  being  very 
great. 

SECTION  III. 

BERMUDA. 

Strength  of  garrison  (1888),  1346  men.     Civil  population,  15,534. 

Climate, — Hot,  equable,  and  rather  limited.     Rainfall,  about  60  inches. 

Temperature. — Mean  of  year,  about  72° ;  hottest  month  (August),  about 
82" ;  coldest  month  (February),  about  61° ;  amplitude  of  yearly  fluctuation 
21°.     Relative  humidity  about  74  per  cent. 

The  sanitary  condition  was  formerly  very  bad ;  there  were  no  sewers,  and 
no  efficient  dry  method  of  removal.  Now  matters  are  much  improved,  and 
in  later  years  the  health  of  the  troops  has  been  good.  Rain-water  is  used 
for  drinking. 


Years. 

Loss  of  Strength  per  lOOC 

per  annum. 

Loss  of  Service  per  1000 

per  annum. 
Days  In 

Total 
Deaths. 

Deaths  from 
Disease. 

Invaliding. 

Admissions. 

Mean  dally 
Sick. 

Hospital  to 
each  Sick 

28-80 

- 

768-0 

^ 

Man. 

1817-36, 

1837-46, 

85-60 

1080  0 

1861-70  (10  years), 

26-02 

20-60 

764-3 

39-54 

16  00 

1864  (highest ;  yel- 
low  fever  year). 

169-64 

168-83 

1860  (lowest), 

8-55 

5-70 

... 

1866-74  (10  years). 

16  04 

21-92 

716-5 

35-39 

18-27 

1870-79  (10  years), 

8-96 

20-46 

637-1 

32-62 

18-69 

1878-87  (10  years), 

8-63 

10-78 

645-0 

34-71 

19-64 

1888,     . 

17-83 

15-60 

7-43 

689-4 

34-60 

18-36 

BERMUDA — CANADA. 
On  the  Influence  of  Age  on  the  Mortality  in  Bermuda, 
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Years. 

Ratio  per  1000  of  Strength  at  each  period. 

Under 
20. 

20  and 
nnder  26. 

25  and 
under  30.. 

80  and 
under  85. 

85  and 
under  40. 

40  and 
upwards. 

1878-87  (10  years), 
1888,     . 

2-38 
21-74 

6-68 
19-14 

10-48 
11-90 

8-80 
0-00 

9-77 
24-89 

37-04 
0  00 

The  history  of  the  West  Indies  may  be  applied  to  Bermuda,  though,  with 
the  exception  of  yellow  fever  years,  it  never  showed  the  great  mortality  of 
the  West  Indies.  There  is  hardly  any  paroxysmal  fever ;  in  1886-87,  the 
admissions  were  only  1*2  per  1000. 

Yellow  fever  has  prevailed  seven  times  in  this  century,  viz.,  in  1819,  1837, 
1843,  1847,  1853,  1856,  and  1864.1 

"  Dandy  fever,"  or  break-bone  (Dengue),  has  prevailed  several  times. 

"  Continued  fevers "  (often  in  large  part  enteric)  have  always  prevailed 
more  or  less  at  Bermuda.  In  the  ten  years  1837-46  they  gave  88  per 
1000  of  strength,  being  much  greater  than  at  home.  In  ten  years  (1870-79) 
there  were  47  per  1000;  in  1879-83  the  admissions  were,  for  enteric 
fever  9-9,  other  continued  fever  31*3  per  1000;  deaths  (enteric  only)  1-91. 

In  1887  an  outbreak  of  enteric  fever  occurred,  there  being  50  admissions, 
and  8  deaths,  being  in  the  ratios  of  42*2  and  6*76  per  1000  (average  of  pre- 
ceding five  years  21*3  and  4*12  respectively).  It  appears  to  have  been  due 
to  polluted  drinking  water,  from  a  tank  liable  to  contamination  from  a 
neighbouring  latrine  and  stable.  In  the  latter  part  of  1888  an  epidemic 
outbreak  caused  128  admissions  and  18  deaths,  being  in  the  ratios  of  95-1 
and  1 3-37  per  1000.  Nearly  all  the  cases,  and  every  death  but  one,  occurred 
in  a  regiment  newly  arrived  from  England  in  September.  Ko  sanitary 
defects  could  be  traced;  but  the  disease  was  prevalent  amongst  the  civil 
population. 

Formerly  tuberculous  diseases  caused  a  considerable  mortality ;  but  there 
has  been  a  decided  decrease  in  late  years. 

Diarrhoea  and  dysentery  were  also  formerly  very  common,  but  not  of  late 
years. 

Venereal  diseases  have  averaged  from  55  to  80  per  1000  of  strength,  but 
latterly  have  diminished :  in  1888  they  were  68  per  1000. 

In  considering  the  sanitary  measures  to  be  adopted  at  Bermuda,  it  would 
seem  that  the  drainage  and  water-supply  most  need  careful  attention.  If 
yellow  fever  occurs,  the  measures  should  be  the  same  as  in  the  West  Indies. 


SECTION  IV. 

DOMINION  OF  CANADA. 

Canada.* 

The  usual  garrison  used  to  be  from  3000  in  profound  peace  to  10,000  or 
12,000  in  disturbed  times.    In  1871  the  troops  were  withdrawn  from  Canada 

1  Army  Medical  Reports ,  vol.  v.  p.  290. 

3  For  an  excellent  accoont  of  the  Canadian  stations,  see  Sir  W.  Muir's  Report  in  the  Army 
Medical  RepoH  for  1862,  p.  375. 
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and  concentrated  at  Halifax.  The  chief  stations  used  to  be  Quebec,  Mon- 
treal, Toronto,  Kingston,  and  London. 

QuBBEC. — Temperature. — Mean  of  year,  41°;  hottest  month  (July),  71'*3 ; 
coldest  (January),  W,     Annual  fluctuation,  60" -3. 

The  undulations  of  temperature  are  enormous.  In  the  winter,  sometimes, 
there  is  a  range  of  30,  40,  and  even  more  degrees  in  twenty-four  hours,  from 
the  alternation  of  northerly  and  southerly  winds.  In  one  case  the  ther- 
mometer fell  70"*  in  twelve  hours.     The  mercury  is  sometimes  frozen. 

The  mean  temperature  of  the  three  summer  months  is  69'' ;  winter  months 
12" -8.     The  climate  is  "  extreme  "  and  variable. 

Rain. — About  36  to  40  inches.  The  air  is  dry  in  the  summer,  and  again 
in  the  depth  of  winter. 

Barracks. — Built  on  Lower  Silurian  rocks.  No  ague  is  known,  though 
the  lower  town  is  damp. 

Montreal. — Temperature. — Mean  of  year,  44" -6  ;  hottest  month  (July), 
73"-l ;  coldest  (January),  14°*5.  Annual  fluctuation,  58"-6.  The  undida- 
tions  are  very  great,  though  not  so  great  as  at  Quebec 

Mean  of  the  three  simiraer  months,  70" '8 ;  of  the  three  winter  months, 
17'-2. 

Rain. — 36  to  44  inches. 

Toronto. — Temperature. — Mean  of  year,  44" -3  ;  hottest  month  (July), 
66''-8;  coldest  (February),  23"-l.     Difference,  43"-7.     Great  undulations. 

Rain. — 31  "5  inches. 

The  town  stands  on  ground  originally  marshy.  The  barracks  are  built  on 
limestone  rocks  of  Silurian  age. 

Kingston. — Temperature. — Mean  of  year,  45"  -8.   Malarial  fevers  prevalent 

London,  Hamilton,  and  several  smaller  stations. — Chatham,  Fort  George, 
Amherstberg,  &c. — were  also  occupied  at  one  time. 

Diseases  of  the  Civil  Inhabitants. — Formerly  ague  was  prevalent  in  Upper 
Canada,  especially  in  Kingston ;  it  is  now  much  less.  At  Montreal  ague 
used  to  be  seen ;  now  it  is  much  less  frequent.  It  prevails  from  May 
to  October,  and  is  worst  in  August.  If  the  summer  isothermal  of  65*  ti 
the  northern  limit  of  malaria,  both  Quebec  and  Montreal  are  within 
the  limit ;  yet  the  winter  is  too  severe,  and  the  period  of  hot  weather  too 
short,  to  cause  much  development  of  malaria.  The  climate  is  in  both  pro- 
vinces very  healthy,  and  has  been  so  from  the  earliest  records,  though,  when 
the  country  was  first  settled,  there  was  much  scurvy.  Enteric  fever  is  some- 
times seen.  Typhus  has  often  been  carried  in  emigrant  ships,  but  has  not 
spread,  or  at  least  has  soon  died  out  Cholera  has  prevailed.  Yellow  fever 
dies  out  Consumption  is  decidedly  infrequent.  Acute  pulmonary 
diseases  used  to  be  considered  the  prevalent  complaints,  but  it  is  doubtfiil 
whether  they  are  much  more  common  than  elsewhere. 

Diseases  of  the  Troops. — The  following  table  shows  the  mean  of  the  later 
years : — 


Years. 

Loss  of  Strength  per  1000. 

Loss  of  Service  per  1000. 

By  total 
Deaths. 

By  Deaths 

from 
Disease. 

By 
Invaliding. 

Admls. 
slons. 

Mean  daily 
Sick. 

Days  in 

Hospital 

to  each 

Sick  Man. 

1714 
17-80 

1861-70  (10  years),. 
1871 

9-01 
9-56 

6-87 

15-9 
17-6 

646-9 
1  679-8 

30-36 
33  15 

HAUFAX. 
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Influence  of  Age  on 

Mortality, 

Years. 

Under  20. 

20  to  24. 

25  to  29. 

30  to  84. 

85  to  89. 

40  and  oyer. 

1861-70  (10  years), 

3-47 

6-01 

9-80 

iri8 

17-66 

20-28 

These  numbers  show,  what  indeed  is  apparent  in  all  the  records,  that 
Canada  was  a  very  healthy  station. 

The  great  healthiness  of  Canada  in  part  probably  depends  on  the  fact, 
that  the  extreme  cold  in  winter  lessens  or  prevents  decomposition  of  animal 
matter  and  the  giving  off  of  effluvia ;  a  good  dry  earth  system  of  disposal 
appears  to  be  the  best.  In  the  hot  simimer  the  life  is  an  open-air  one. 
Even  in  winter  the  dry  cold  permits  a  good  deal  of  exercise  to  be  taken. 

The  amount  of  drunkenness  and  delirium  tremens  in  Canada  used  to  be 
great.  In  1863  no  less  than  9  out  of  96  deaths,  or  nearly  one-tenth,  were 
caused  by  delirium  tremens.  Violent  deaths  also  were  usually  large,  drown- 
ing giving  the  largest  proportion. 

Halifax. 

Halifax  is  now  the  only  station  in  the  Canada  command  occupied  by 
troops :  the  strength  in  1888  was  1329  men.  It  has  always  been  considered 
a  very  healthy  station.  In  1888  several  cases  of  enteric  fever  occurred,  but 
as  this  was  immediately  after  the  arrival  of  the  troops  from  Bermuda,  where 
the  disease  was  prevalent,  it  was  thought  that  it  was  imported  thence.  The 
water-supply  is  derived  from  lakes  some  miles  distant  from  the  town ;  it  is 
ample,  and  of  excellent  quality.  The  dry  earth  system  is  being  gradually 
adopted,  and  is  said  to  be  satisfactory. 


Years. 

Total  Deaths. 

Deaths  from 
Disease  onlj. 

Invaliding. 

AdmlMions. 

Mean  Dallj 
Sick. 

1878-87  (10  years),    . 
1388, 

6-88 

8-27 

6-26 

19  01 
20*80 

787-6 
619-2 

38-98 
84-72 

Influence  of  Age  oti  Mortality, 


Years. 

Under  SO 
joars. 

Wto26. 

35  to  30. 

30  to  35. 

6-72 
42-86 

85  to  40. 

40  and 
upwards. 

1878-87  (10  years), 
1888,    . 

17C 
0-00 

816 
2-88 

4-18 
10-89 

14-97 
0-00 

14-68 
0-00 
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SECTION  V. 

AFRICAN  STATIONS. 

West  Africa.^ 

The  principal  stations  are  Sierra  Leone  and  Cape  Coast  Castle. 

As  a  military  station  Gambia  has  now  been  given  up,  and  troops  are  no 
longer  stationed  at  Lagos  (500  miles  from  Cape  Coast  Castle).  In  1875 
Sierra  Leone,  Cape  Coast  and  Accra  were  occupied,  and  Elmina  for  a  short 
time,  and  since  then  the  two  first  stations  have  been  alone  garrisoned.  No 
white  troops  are  employed,  except  during  war-time,  as  in  the  Ashanti  cam- 
paign of  1873. 

Health  of  the  Black  Troops. 

The  prevailing  diseases  are  paroxysmal  fevers  (average  admissions,  1879-84, 
477,  deaths  2-91  per  1000;  in  1888,  195*2  and  199  respectively).  Vene- 
real diseases  (1888,  admissions  231  per  1000);  and  skin  diseases  (1879-84, 
116-2  per  1000;  in  1888  235  per  1000).  There  has  been  no  yellow  fever 
of  late  years. 


Yenra. 

1878-^7  (10  years),     . 
1888 

Loss  of  Strength  per  1000  per  annum. 

Loss  of  Serrioe  per  1000 
per  annum. 

Total 
Deaths. 

Deaths  from 
Disease. 

Invalidlug. 

Admissions. 

HeanDsfltr 

19-92 
9-96              9-96 

1 

11-69 
0-00 

1582-2 
1247-0 

67-08 
7910 

Sierra  Leatie, 

Strength  of  garrison,  300  to  500  black  troops,  with  a  few  European 
officers  and  non-commissioned  officers.  Civil  population  of  Freetown,  22,000. 
Hot  soiison  from  May  to  the  middle  of  November;  Harmattan  wind  in 
Docombor ;  soil,  red  sandstone  and  clay,  very  ferruginous.  There  are 
extensive  numgrove  swamps  to  X.  and  S.  The  barracks  are  situated  on 
Tower  Hill,  300  feet  above  sea-level.  The  water  is  derived  from  a  moun- 
tain stream,  brought  by  pii>es,  and  is  both  good  and  abundant 

This  station  had  formerly  the  reputation  of  the  most  unhealthy  station  of 
tlio  army.     Nor  was  this  undeserved. 

From  1817  to  1837  (20  years)  there  were  yearly  among  the  tnx»ps 

Admissions, 2978  per  1000. 

Deaths. 4S3        „ 

At  the  same  time  about  17  per  cent  of  the  whole  white  populatic«n  died 
jumuitlly. 

The  chief  disea««  were  malarious  fevers,  which  caused  much  sickness, 
but  no  gn\a  mortality ;  and  yellow  fever,  which  caused  an  immense  mcff- 
tality.     Dysentery,  chiefly  scorbutic,  was  also  very  fatal. 

The  causes  of  this  great  mortality  were  simple  enough.  The  station  ^r» 
lookeii  ujxMi  as  a  place  of  punishment,  and  disorderly  men,  men  ?oni«>c<c 
for  crimes,  or  whom  it  was  wished  to  get  rid  of,  wer^  drau^h:^  lo  Sicm 
Lei^ne,     They  were  there  very  much  overcrowded  in  liarracks.  whicli  wew 


1  For  a  very  gvvvi  su>i>i>xint  of  the  top^prapbT  of  the  GoM  C^-sai:-:,  sc*  Dr  R  ClAiir'f 
in  the  Tra%iiactu»%*  Efid^  ^inrfy,  vt^  L         ' 


WEST  AFRICA. 

placed  in  the  lower  part  of  the.  town.  They  were  fed  lai-gely  on  salt  meat ; 
and  behig  for  the  most  part  men  of  deajiemte  character,  and  without  hope, 
they  were  liighly  intemperate,  and  led,  in  all  ways,  live^  of  the  ntmvjst  dis- 
order. Tliey  considered  themselves,  in  fact,  under  sentence  of  ileath,  and 
did  their  lie.st  to  rapidly  earrj"  out  the  sentence, 

Eventnally,  all  the  white  troopis  were  removed,  and  the  place  has  since 
heen  garrisoned  hy  one  of  the  West  Indian  regiments.  Of  late  years,  tlie 
total  white  population  of  Sierra  Leone  (civil  and  military)  hiis  not  been  more 
than  from  100  to  200  persons. 

The  great  sickness  and  mortality  being  attributable,  as  in  so  many  other 
wises,  chiefiy  to  local  causes  and  individual  faults,  of  late  years  Europeans 
have  been  coniiiaratively  healthy  ;  although  from  time  to  time  fatal  epide- 
mics of  yellow  fever  occur.  They  are,  however,  less  frequent  and  less  fatal 
than  formerly.  The  p«3sition  of  the  barracks  has  heen  altered,  and  the  forwi 
is  much  better.  One  measure  which  is  supposed  by  have  improved  the 
health  of  the  place,  is  allowing  a  8i>ecies  of  grass  (Bahama  grass)  to  gmw  in 
the  Btreets.  The  occupiers  of  the  adjacent  houses  arc  obliged  to  keep  it  cut 
short,  and  in  goott  order. 

Cape  Coast  Cattle  (Ooid  Coast). 

Gramson,  aljont  200  (black  troops). 

This  station  has  always  been  considered  the  most  healthy  of  the  three 
principal  places.  It  is  not  so  malarious  as  even  Sierra  Lec^ne,  and  much 
less  so  than  the  Gambia,  and  has  been  much  less  frei^uently  attacked  with 
yellow  fever.  Dysentery  and  dyspepsia  are  common  diseases  among  the 
Mdiite  residents.  Among  the  black  troops  the  prevalence  of  phthisiB, 
pneumonia,  and  bronchitis  is  marked,  tl tough  less  so,  perhajm,  than  at  the 
other  two  stiitiuns. 

One  peculiarity  of  the  station  was  the  prevalence  of  dracunculns.  This 
was  much  less  common  at  Sierra  Leone  imd  at  the  Gambia.  It  appears  to 
have  lessened  considerably  in  latter  years,  but  there  is  no  dehnite  information 
now  tt>  be  obtained  from  the  A.M. I).  Reports.  Rain  water  sWred  in  tanks 
is  used  for  drinking,  and  well  water  for  ablutionary  purposes ;  condensed 
water  can  alsi»  be  obUdned  if  required. 

Hygimc  on  the  West  Coast, 

There  is  no  doubt  that  attention  to  hygienic  rules  will  do  much  to  lessen 
the  fliekness  and  mortality  of  tliis  dreaded  climate.  In  fact,  here  as  else- 
where, men  have  been  contcntinl  to  lay  their  own  misdeeds  on  the  climate- 
Malaria  has,  of  course,  to  be  met  by  the  constant  use  of  quinine  during  the 
whole  period  of  service.  The  other  rules  are  summed  up  in  the  f<  ill  owing 
quoUition  from  Dr  Robert  Clark^s  paper,^  and  when  we  rellect  that  this 
extract  expresses  the  opinion  of  a  most  comfKJtent  judge  on  the  eilect  of 
climate,  we  must  allow  that,  not  only  for  the  West  Coast^  but  for  the  West 
Indies  and  for  India,  Dr  Clark's  opinions  on  the  exaggeration  of  the  efl'ect 
of  the  Bun's  rays  and  exposure  Uj  night  air,  and  his  statement  of  the  ueceasitj 
of  exercise,  are  full  of  instruction  : — 

"  Grood  health  may  generally  be  enjoyed  by  judicious  attention  to  a  few 
simple  rules.  In  the  foremost  rsink  should  be  put  trm/)erance,  with  regular 
and  industrious  habits.  European  residents  on  the  Gold  Coast  are  too  often 
satislied  with  wearing  apparel  suited  t+i  the  climate,  overlooking  the  fact  that 

»  Tmns.  t^th€  Spidm,  »S?c„  vol*  i,  pp^  128, 124. 
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exercise  in  the  open  air  is  just  as  necessary  to  preserve  health  there  as  it  is 
in  Europe.  Many  of  them  likewise  entertain  an  impression  that  the  sun's 
rays  arc  hurtful,  whereas  in  nine  cases  out  of  ten  the  mischief  is  done,  not 
by  the  sun's  rays,  but  by  habits  of  personal  economy.  Feeling  sadly  the 
wearisome  sameness  of  life  on  this  part  of  the  coast,  recourse  is  too  frequently 
had  to  stimulants,  instead  of  resorting  to  inexhausting  employments,  the  only 
safe  and  effectual  remedy  against  an  evil  fraught  with  such  lamentable  con- 
sequences. Europeans  also  bestow  too  little  attention  on  ventilation,  far 
more  harm  being  done  by  close  and  impure  air  during  the  night  than  is  ever 
brought  about  by  exposure  to  the  night  air."^ 


South  Africa. 

Garrison,  about  3500  men. 

The  chief  stations  are  Cape  Town  (about  60,000  inhabitants),  and 
Wynberg  (about  60  miles  distant) :  Pietermaritzburg  and  Etshowe.  The 
climate  is  almost  everywhere  good ;  the  temperature  is  neither  extreme  nor 
very  variable ;  the  movement  of  air  is  considerable.  The  troops  at  Cape 
Town,  Wynberg,  and  Pietermaritzburg  are  furnished  with  excellent  water 
from  public  supplies. 

At  Cape  Town  the  mean  annual  temperature  is  67",  with  a  mean  annual 
range  of  about  38°. 


Years. 

Total  Deaths. 

Admissions. 

Mean  Daily  Sick. 

Dajra  in 

Hospital  to 

eacli  Sick  Man. 

1860-69  (10  years), 
1870-77  (8  years),^ 

10-87 
9-72 

978 
906 

60-24 
43-85 

18-83 
17-88 

The  statistics  of  later  years  are  complicated  by  the  casualties  of  war, 
including  killed  and  wounded  in  action  and  a  great  excess  of  fever.  Eli- 
minating these,  we  have  the  following  ratios  per  1000 : — 


Years. 

1870-77  (8  years  of 

peace),     . 
1878-80  (3  years  of 

war), 
1879-84  (5  years), 
1886-87  (2  years), 
1888, . 

i 

Total 
Admissions. 

Wounds  and 
Injuries. 

Admissions 

for  DiKcase 

only. 

Continued 
Fever. 

Paroxysmal 
Fever. 

906 

900 

813 
845 

882 

131 

103 

1         96 
98 
89 

775 

797 

717 
747 
793 

39 

159 

134 
81 
23 

28 

38 

46 

8 

»         1 

1  Considerable  interest  in  this  part  of  the  work  was  roused  by  the  occurrence  of  the  Ashanti 
"War  of  1873,  for  an  admirable  account  of  which  see  the  Army  Medical  Reports,  vol.  xv.,  where 
Sir  Anthony  D.  Home  gives  a  full  medical  historj'  of  the  oi>erations  carried  on.  The  excellent 
hygienic  arrangements  enabled  the  arduous  work  of  the  exjiedition  to  be  accomplished  with  a 
comparatively  small  loss.  But  the  few  casualties  in  action  compared  with  the  deaths  by 
disease  show  by  contrast  how  much  more  deadly  were  the  forces  of  nature  than  those  of  the 
enemy.  26  officers  died,  of  whom  only  five  were  kille<l  or  died  of  wounds;  13  men  were  killed 
(white  troops),  whilst  40  died  of  disease;  of  the  West  Indian  troops  (black)  only  one  was  killed, 
whilst  41  died  of  disease.  For  analysis  of  soil  of  Gold  Coast,  see  Army  Med.  BeporU,  voL  xiv. 
p.  264;  and  for  some  account  of  the  drinking  water,  see  pai)ers  by  Dr  J.  D.  Fleming  in  voLl 
xiv.  and  xv.  -  Including  the  detachment  at  St  Helena  since  1870. 


SOUTH   AFRICA. 
Deaths  p<T  1000  of  Stremjth. 
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WnniKtii  Ana 

Ycui. 

Total 

kllk-d  In 
Afticiiu 

only* 

Cantlnnod 
Fever. 

P&rosTmial 

Fever. 

1870-77  (8  yeftre),       . 

d72 

vn 

7-78 

0-50 

0-24 

1878-80  (3  years).       . 
187S-84  (6  years),       . 

50-48 

28-98 

21*46 

1M6 

1-13 

40-97 

31-45 

18*52 

»-ci 

072 

1886-87  (2  yea»).       . 

6*03 

1-88 

415 

1-07 

0-00 

1888,* 

7 '80 

1*88 

6-92 

0-81 

027 

As  regards  the  adiuLssions,  it  is  clear  that  the  diminution  wliich  might 
have  been  expected  in  cons* 'qu once  of  mmitary  improvements  was  cliieily 
arrested  by  the  ppreat  ninnber  of  ca^es  of  continued  fever  whieli  occurr^ 
flnring  the  period  of  ho'^tilities.  In  times  of  peace  tlxere  is  but  little  fever, 
antl  a  8inoll  and  decreasing  uKirtility.  Thus  in  1850-(f6  the  death-nite 
was  1-25  per  1000,  in  1870-77  only  0'50,— whilst  in  187B-80  it  was  no  less 
than  11-16;  in  all  these  cases  the  deutivs  are  almost  invariably  enteric. 
In  1884  an  outbreak  occurred  at  Rorke'e  Drift,  causing  7  deaths;  this  was 
attributed  to  bad  water.  Piiroxysmal  fevers  arising  in  the  station  it'^elf  are 
very  uncommon,  the  w*orst  year  in  the  period  1870-77  being  1874^  when 
these  diseases  appwired  among  trmips  from  the  Mauritius,  where  it  had  un- 
doubtedly been  contracted.  During  the  period  of  hcvstihtics  tlicre  was  an 
increase  both  in  admissions  and  deatlis  from  that  cause.  Although  the  net 
admiiisions  (after  eliminating  wound?^  and  inj Uriels  and  fevers)  are  lesjs  in  the 
later  period  (1878-80)  tliau  in  the  earlier  (1870-77),  assJjtnN-n  iu  the  preced- 
ing tixhle^  yot  the  death -rate  is  higher.  This  is  almost  entirely  due  to 
diseases  of  the  digestive  system,  mostly  dysentery  and  diarrhoea.  These  were 
more  ecmmion  formerly  than  they  are  now  in  ordinary  yi*ars ;  in  many  cases, 
especially  in  the  smiiW  frontier  stations,  they  were  clearly  owing  to  bad 
water. 

Ophthalmia  has  prevailed  raOier  largely,  especially  in  s^une  years  ;  there 
'  18  a  good  deal  of  dust  in  many  parts  of  the  colony,  and  it  has  lieen  attributed 
to  this;  the  disease  is  prrd^txlily  the  speciiic  ophthalmia  (grey  granulations), 
and  is  propagated  by  contiigiom  ^Vliether  it  liad  its  origin  in  any  catarrhal 
condition  produced  by  the  wind  and  dust,  and  then  became  contagious,  is 
one  of  tho*;e  moot  points  whieh  cantiot  yet  he  answered,  I -utterly  this 
ilisease  has  Iwen  uncommon  ;  but  there  has  been  a  good  deal  of  iritis,  chietly 
syphilitic. 

The  C?ape  has  always  been  noted  for  the  numerous  lases  of  muscular 
rheumatism.  ^Vrticidar  rheumatism  is  not  particularly  common.  There  is 
also  much  cartliac  dise^ise.  The  prevalence  of  this  all'ection  has  been  attri- 
buted to  the  exjKiHure  and  rapid  marches  in  lull  districts  iluring  the  Kaihr 
Wars.     In  1863  there  wjis,  however,  less  rhe^iniatisni  than  usual 

Taking  the  years  1859-06  as  expressing  t<»lerably  fairly  the  eflect,  per  ae^ 
of  the  st^ition,  we  find  that  the  whole  colony  gave  18*3  admissi«»ns  and  1*90 
deaths  j^er  1000  of  strength  from  diseases  of  the  circulatory  organs.  In 
1869-77  the  atbaisj^ioiis  wore  13-5  and  the  deaths  1*47  ;  in  1878-80  they 
were  "20-3  and  1-25  re8|>ectively ;  in  1879-83  the  adndssions  were  IS'l  and 
tlie  deaths  0*62;  in  1888,  12-6  admissions,  no  deaths.* 

A  Dt  LAW«on  {Annu  Mtdirnl  lli^ptrrtA^  vol,  v.  p,  iJ38)  L'Ohtributeil  a  vnltmUIif  p(i|>CT  on  thin 
eubjvct.     He  foua<1  tliu  duatU-rnUi  from  (IkduteM  of  tbe  orguiis  of  ciruulntiou  0»oAn  of  sov«a 

2r 
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Scurvy  formerly  prevailed  much  at  the  Cape,  particularly  in  the  Kaffir 
Wars,  and  may  have  had  something  to  do  with  the  prevalence  of  dysentery. 

Venereal  diseases  were  very  common.  The  average  admissions  from 
"enthetic"  diseases  in  1859-66  were  248-5,  and  in  1867  they  were  438-3 
per  1000  of  strength  in  the  whole  colony.  In  Cape  Town  alone,  where 
facilities  for  promiscuous  intercourse  are  greater,  they  were  even  more 
numerous.^  Much  diminution  has  taken  place  in  recent  years.  In  1888 
the  admissions  were  279  per  1000  for  venereal  of  all  kinds,  of  which  74*3 
were  for  primary  syphilis.     The  Contagious  Diseases  Acts  are  now  in  force. 

The  Cape  was  formerly  considered  a  kind  of  sanitarium  for  India.  Its 
coolness  and  the  rapid  movement  of  the  air,  the  brightness  and  clearness  of 
the  atmosphere,  and  the  freedom  from  malaria,  probably  cause  its  salubrity. 
It  has  been  supposed  that  it  might  be  well  to  send  troops  to  the  Cape  for 
two  or  three  years  before  sending  them  on  to  India.  This  plan  has  never 
been  perfectly  tried ;  but  in  the  case  of  regiments  sent  on  hurriedly  to 
India  on  emergency  it  has  been  said  that  the  men  did  not  bear  the  Indian 
climate  welL  Probably  they  were  placed  imder  unfavourable  conditions, 
and  the  question  is  still  uncertain. 

As  a  convalescent  place  for  troops  who  have  been  quartered  in  a  mala- 
rious district  it  is  excellent.^ 

St  Helena. 

Garrison,  225.    Civil  population,  5300. 

Formerly  this  small  island  was  garrisoned  by  a  local  corps  (St  Helena 
regiment),  which  was  disbanded  some  years  ago. 

The  island  has  always  been  healthy  ;  seated  in  the  trade-winds,  there  is  a 
tolerably  constant  breeze  from  south-east.  The  average  mortality  in  the 
years  1886-7-8  was  8-97  per  1000,  and  the  invaliding  14*55  per  1000.  The 
total  admissions  were  659-5,  and  the  mean  daily  sick  34*8  per  1000.  The 
returns  from  St  Helena  are  now  combined  with  those  from  the  Cape  of 
Good  Hope,  so  that  statistics  of  the  prevalent  diseases  are  not  available. 


years,  1859-65)  at  1'91  j^r  1000  of  strength.    This  was  higher  than  at  any  other  foreign 
station,  as  will  be  seen  from  the  table  copied  by  Dr  Lawsou. 

Mortality  from,  Diseases  of  the  Circulatory  Organs. 


Ratio  per  1000 

Ratio  per  1000 

Ratio  per  1000 

of  Strength. 

of  Strength. 

of  Strength. 

Cape  of  Good  Hope, 

1-91 

Bombay, 

.     0-80 

Malta.    . 
Gibraltar, 

.     0-53 

New  Zealand, 

M8 

Bengal,    . 

.     0-86 

.     0-70 

Australia,    . 

1-72 

South  China, 

.     116 

Bermuda, 

.     1-25 

Mauritius,  . 

0-53 

West  Indies, 

.     102 

Nova  Scotia, 

.     0-84 

St  Helena,  . 

0-31 

Jamaica, 

.     0-86 

Canada,  . 

.     119 

Ceylon, 

Ml 

Ionia, 

.     0-84 

Home,     . 

.     0-93 

Madras, 

1-12 

This  table  shows  an  extreme  diversity,  hardly  to  be  reconciled  with  diflFerences  of  climate  or 
duties.  In  the  years  1869-74  the  death-rate  was  1*68,  and  was  exceeded  by  that  of  the 
Mauritius,  2"29,  and  that  of  Madras,  1*99.  In  1876  the  rate  at  the  Cape  was  only  1*45,  while 
Ceylon  showed  3*87,  Bermuda  2*63,  and  Madras  2*05  ;  Mauritius  returning  no  death.  In  the 
eight  years  1870-77  the  rate  at  the  Cape  was  1*62  ;  and  in  the  years  1878-80  it  was  1*25 ;  in 
1879-84  it  was  0*62,  and  in  1888  there  were  no  deaths. 

1  Army  Med.  Depart.  Reports ^  vol.  viii.  j).  648. 

2  See  effect  on  the  69th  regiment,  in  the  Anny  Medical  Report  for  1859,  p.  99. 


MAUEIT1U8. 


627 


SECTION  YI. 
MAURITIUS, 

Oarmon,  about  500  men.     Civil  population,  368,145. 

Mauritius  in  the  eastern  has  hi?i?n  often  compared  with  Jamaica  in  tlu* 
western  seas.  The  geogriiptiie^il  ]>ositioo  as  respects  the  equator  is  not  very 
dissimilar ;  the  mean  aiinual  temperature  (80"  Fttlir.)  is  almost  the  same ; 
the  Uuctuution^  and  undulations  are  more  eonsiderable,  but  still  are  not 
excessive ;  the  Immidifcy  of  air  is  nearly  the  same,  or  perhaps  a  little  less; 
the  rainfall  m  40  to  50  inches. 

Malarious  fever  was  formerly  not  nearly  so  frequent  as  in  Jamaica,  and 
true  yellow  fever  is  quite  unknown  ;  Mauritius,  therefore,  hjis  never  shown 
tlitise  epoclis  of  gre^it  mortality  ivliich  the  West  Indiea  have  had.  Hepatic 
discai^es,  on  the  other  hantl,  which  ai-e  so  uncommon  in  the  West  Indies, 
arc  very  common  in  the  Mauritius.  For  example,  in  1859  there  were  47 
cases  of  acute  and  ehnmic  hepatitis  in  1254  men,  while  in  Jamaica  there 
was  one  case  out  i;>f  807  men.  In  1860  there  were  31  a^lmissions  from  acute 
hepatitis  out  of  1886  men  ;  in  Jamaica  there  was  not  a  single  case.  In 
1862  there  were  12  cases  of  acute,  11  of  chronic  hepatitis,  and  72  cases  of 
hepatic  congestion,  out  of  2049  men ;  in  Jamaica,  in  the  same  year,  there 
was  only  1  case  of  acute  hepatitis  out  of  702  men.  This  has  always  been 
marked  ;  is  it  owhig  to  an  error  in  diagnosis,  or  to  diflerences  in  dietl  It 
can  scarcely  be  attributed  to  any  dilierence  in  climate.  In  1863  the  ditler- 
eiice  was  less  marked,  but  was  still  evident.  In  later  years,  however,  there 
has  been  considerjible  diminution :  in  1872  there  were  only  4  cases  of  hepa- 
titis, and  in  1873  only  2.  Since  that  year  no  detiiiled  statistics  have  been 
published,  but  it  is  mcntioncil  incidentally  that  there  were  3  cases  in  1880, 
out  of  a  streni^'th  of  353,  and  in  1884  there  were  8  cases  out  of  363  men. 

In  1866-67  a  very  severe  epidemic  fever  prevailed  in  the  Mauritius,  which 
offers  many  points  of  interest  As  already  noted,  the  Mauritius  has  till 
lately  heen  considered  t*i  be  conipamtively  free  from  malaria.  All  the  older 
writers  state  this,  and  it  m  apitarent  from  all  the  statistical  returns.  Deputy 
Inspector-CJeneral  Ur  Francis  Keid,  in  a  report^  in  1867,  mentions  that  he 
had  ^rved  ton  years  in  the  Mauritius,  and  hatl  looked  over  the  records  of 
the  troops  for  twenty-fonr  years.  He  found  some  records  of  intermittents, 
but  he  traced  all  these  to  foreign  sources,  viz.,  troops  coming  from  India, 
China,  or  Ceylon,  and  presenting  cases  of  relapses. 

For  the  first  time,  in  tlie  latter  months  of  1866  and  the  commencement  of 
1867,  malarious  fevers  of  undoubted  local  growth  appeared  on  the  western 
side  of  the  island. 

The  cAuses  of  this  development  were  tracer!  by  Dr  Reid,  and  al»o  by 
Sui|feon-M^or  Small  and  Assistant-Surgeon  W.  IL  T.  Power,  in  some  very 
careful  reports.^  I>uring  some  years  a  large  amount  of  forest  land  had  been 
cleared,  and  there  had  been  much  upturning  of  the  soil  j  coincidently  the 
rainfall  lessened,  and  the  rivers  became  far  less  in  volume.  At  the  same 
time,  there  was  a  large  increase  in  population  ;  a  great  defilement  of  the 
ground  in  the  neighhourhood  of  villages  and  towns,  so  that  in  various  parts 
of  the  island  tliere  was  a  constant  drainage  down  of  filth  of  all  kimL^  (vege- 
table and  animal)  into  a  loose  soil  of  slight  depth,  resting  on  impermeable 
rock,  which  forms  a  great  deal  of  tho  western  sealward.     In  1866-67  there 

1  Ldter  to  tht  Dirtctor-Otntral^  FeK  1867. 

»  Annual  Heptrrt  an  the  Dutn'^t  Pritom  Hoitmtah  (in  1867,  Manritiui,  1868).  On  the 
Malarial  Epiduiiiic  Fever  of  the  Maoritiua,  Arifiu  Jitd.  Depart.  Htpurtf  vol.  %iii.  p.  142. 
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o*!ciirred  an  imiisually  hot  season,  and  again  a  deticient  rainfall.  This  sovms 
to  have  brought  itiki  active  operation  the  conditions  which  haii  been  grmlu- 
ally  increaf^ing  in  intensity  for  some  years.  The  developniont  of  the  midnriti 
was  not  80  much  on  the  regular  marshy  ground  as  on  tlie  loose  contaminAtccl 
soil  already  noticed. 

That  the  fever  which  in  1866-67  l»ccanie  no  general  was  of  malarious 
type  is  proved  hy  a  large  amount  of  evidence  on  the  spot  from  Ixith  luili* 
tary  and  civil  practitioners,  and  fwm  the  fact  that  many  soldiers  returatd 
to  England  and  had  at  lnjme  relapses  of  decided  paroxysmal  fevers.  I*r 
Maclean  also  stated  that  he  had  seldom  seen  spleens  so  enlarge<l  as  among 
the  invalids  from  this  fever  who  arrived  at  Xotley. 

But  in  some  respects?  tliis  fever  presented  characters  different  from  com- 
uion  paroxysmal  fevers.  There  was  no  very  great  mortality  among  thu 
troops,  but  it  w*a9  excessively  fatal  among  the  inhabitant-s  of  Port  Louis  and 
moJiy  other  towns  and  villages.  It  jilso  lasted  for  many  months  and  wa* 
attended  in  many  rases  with  symptoms  urjt  common  in  ordinary  jmroxyamal 
fevers,  viz,,  with  yellowness  of  the  skin  ami  with  decitled  relapses,  cldscly 
resembling  in  these  respectii  the  common  relapsing  fever.  Mixed  up  with  it 
also  was  decided  enteric  fever.  The  question  whether  the  great  bulk  of  the 
epidemic  was  a  j>urely  paroxysmal  or  malarious  fever,  with  an  independent 
sulwrdinate  outbreak  of  enteric  fever,  or  whether  it  was  a  composite  affec- 
tion like  the  "  typho-malarial  fever"  of  the  American  war»  or  was  mixed  up 
wuth  the  contagious  **  Indian  jail  fever  "  imported  by  coolies,  is  not  a  matter 
very  easy  to  decide.  The  officers  best  quahhed  to  judge  (Dv&  Reid,  Small, 
and  Power)  looked  upon  it  as  a  purely  malarious  disease,  and  expressed  them- 
selves very  strongly  on  this  point.* 

Tliis  much  seems  certain,  that  in  various  parts  of  the  island  the  loo9e^ 
porous,  shallriw  soil  had  been  gradually  becoming  more  and  more  impm* 
with  veget^ible  matters,  and  in  some  cases  with  animal  excreta  ;  that  there 
had  been  a  gradual  diminution  of  the  subs^iil  w^ater,  and  that  this  reucheil 
its  minimum  in  1866,  when  the  rains  failed,  and  the  hot  season  was  pn»- 
longed.  There  coincided,  then,  an  unusual  impurity  of  soil,  lowered  sub- 
soil wat<nv  consequent  increased  access  of  air,  and  heightened  t^mperaturt-. 
Under  these  conditions,  a  usually  non-malarions  soil  gave  rise  to  an  epidemic 
fever,  which  was  characterised  {chietly  at  any  rate)  by  the  symptonus  n»- 
ferred  to  the  action  of  marsh  miasmata,  and  was  curable  hy  quinine.  Thf 
admissions  for  paroxysmid  fevers  alone  were,  in  1875,  585*5  per  1000,  and 
in  1869-75  {live  years),  722*3  per  1000  as  a  mean.  In  later  years  the  typ#? 
luis  been  distinctly  paroxysmal,  the  large,  m.ajority  of  cases  being  retumo*! 
as  uffne.  The  mean  admissions  per  1000  for  1879-84  were  1199,  %vith  » 
maximum  of  1567  in  1^79;  in  1885  they  were  1478;  in  1886,  1887*  md 
1888  they  have  been  396,  647,  and  442  respectively.  This  great  diminutioh 
of  malarial  ilise^ise  has  Ijeen  caustnl  by  the  removal  of  the  troo|>s  from  th<* 
insanitiiry  barracks  and  surroundings  of  Port  Ix)ui8  to  Curepi|)o  at  a  eari^ 
sideral>le  elevation  ahove  sea-leveL 

In  the  MEUiritiits,  as  in  Janmica,  a  ** continued  fever"  is  not  uncommon: 
this  is  now  being  returned  in  part  as  enteric/^     It  has  occasionally  been 


>  Tlie  two  latter  gpntlomen  imy*  op.  eU.,  p.  458  :  "  It  was  entirely  of  tti&tftrioiis  orighi, 
in  every  form,  we  migtit  m}\  perle«lly  curaole  by  odniinistrntion  of  quinine  in  Urge  ikM 
Thii*o  obnervers  entirely  deny  tbnt  it  bad  any  contagions  propwrtivs.  Some  obnervcre^  hol^' 
ever,  have  consiilered  tnat  thLs  fcv*?r  wns  imt»ort4?d,  ujhI  contAgiou!^.  Tn  ISftT*  the  emi|!tmnt  illlp 
**  Spunky  "  arrivtjd  from  India  with  uialarim  fev<?r  on  board  :  fr^Diu  thi^  time  the  dJjMKM  w 
beconii*  enilundc  ou  the  iwlaud,  See  '*Tlie  Malarial  Fever  of  Manritiua,"  by  I>r  ll,  H 
Anderson,  Lancet,  1890^  vol  ii.  p»  39L 

^  I>r  Keid  b«d  no  doubt  of  the  freqaetit  c^cciurence  of  ODteric  fever  for  msmy  jcMm.    Hi* 
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imported.  There  are  fevers  vaguely  named  "  bilious  remittent,"  "  Bombay 
fever,"  "  coolie  fever,"  &c.  The  last  term  denotes  the  communicable  fever 
so  common  in  the  jails  in  the  Bengal  Presidency.  It  prevailed  in  the  jails 
in  the  Mauritius  in  1863  and  1864,  among  the  Hindoos.  The  "Bombay 
fever"  is  probably  enteric.  In  1888  there  were  2  cases  and  i  death  among 
400  men.  Dysentery  and  diarrhoBa  have  largely  prevailed,  but  are  now  much 
less  frequent.  In  this  respect  Jamaica  formerly  contrasted  very  favourably 
with  the  Mauritius;  thus,  in  1860,  there  were  altogether  213  admissions 
per  1000  from  dysentery  and  diarrhoea,  and  6*8  deaths  per  1000 ;  in  Jamaica, 
in  the  same  year,  there  was  not  a  single  admission  from  dysentery,  and  only 
19  from  diarrhoea,  among  594  men,  and  no  death.  Cholera  has  prevailed  five 
times,  first  in  1819;  not  afterwards  till  1854  ;  then  again  in  1856,  1859, 
and  1861.  (It  appears  to  have  been  imported  in  all  these  cases.)  Formerly 
there  was  a  large  mortality  from  lung  diseases ;  now,  as  in  Jamaica,  this 
entry  is  much  less,  not  more  than  half  that  of  former  days. 

The  great  improvement  in  the  health  of  the  troops,  since  their  removal 
from  Port  Louis  to  the  higher  situation  of  Curepipe,  shows  that  as  few  men 
as  possible  should  be  quartered  at  the  former  place. 

Per  1000  of  Strength. 


Loss  of  Strength. 

1 

Loss  of  Service. 

Years. 

Deaths  (aU 
Caiwea). 

Deaths  from 
Disease. 

Invaliding. 

Admissions. 

MeandaUy 
Sick. 

Days  in 

Hospital  to 

each  Sick 

Man 

1817-36,      . 
1861-70   (10  \ 

years),      .  j 
1865-74  (10  i 

years),      .  J 
1875-80     (6  1 

years),      .  ( 
1878-87,      . 
1888,  . 

30-50 
20-17 

18-97 

17-89 

1877 
12-35 

1 

44-16 

48-03 

18-51 
12-35            19-75 

1249  0 
1056-6 

1419-4 

2181-7 

2218-0 
988-0 

68-00 

63-58 

70-36 

88-58 
62-67 

20-00 

13-76 
11-65 

i4-r.8 

19-28 
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Garrison,  about  1100  white  troops;  and  about  150  gun-lascars  (black). 
Population,  2,758,166  (in  1881),  including  about  6000  Europeans.  The 
stations  for  the  white  troops  are  Colombo,  Kandy,  and  Trincomalee ;  the 
convalescent  station  of  Newera  Ellia  (6240  feet)  has  unfortunately  been 
recently  abandoned. 

Geology. — A  considerable  part  of  the  island  is  composed  of  granite,  gneiss, 
and  hornblende  granite  rocks;  these  have  become  greatly  weathered  and 
decomposed,  and  form  masses  of  a  conglomerate  called  "  cabook,"  which  is 
clayey,  like  the  laterite  of  India,  and  is  used  for  building.  The  soil  is  derived 
from  the  d6bris  of  the  granite ;  it  is  said  to  absorb  and  retain  water  eagerly. 
In  some  parts,  as  at  Kandy,  there  is  crystalline  limestone. 

mentioned  an  interesting  fact,  viz.,  that  patients  Tvith  true  enteric  fever  were  also  affected 
with  the  malarious  epidemic  fever;  this  latter  was,  however,  easily  curable  by  quinine,  but 
the  enteric  fever,  whicn  was  also  present,  was  quite  unaffected. 
1  For  a  full  account,  see  Sir  £.  Tennent's  Ceylon, 
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Climate. — This  iiiffers,  of  course^  oxceedingly  at  difTerent  elevations.  At 
Colombo,  sea-level,  tlip  climate  is  warm,  equaiile,  and  limited.  Mean  annual 
temperatare  about  81  \  Mean  U^mperature — April,  8*2 "'70  ;  January,  78*'19; 
amplitude  of  the  yearly  fluctuation  =  4°  51-  April  and  ]^ray  are  the  liottcst 
TuoiithH ;  January  and  December  the  coldest.  Amount  of  rain  about  87 
inches ;  the  gi'eatest  amount  falls  iii  l^Iay  with  the  8.W.  monsoon,  and  ngmn 
in  October  and  No%'ember  with  the  N.E.  monsoon,  alwut  12  or  13  inches  in 
each  month,  Riiin,  however,  falls  in  every  month,  the  Rmalle^t  amount 
being  in  February  {less  than  2  uiches).  The  heaviest  yearly  fall  ever  noteil 
wiis  120  inehe.s.  The  relative  humidity  is  about  80  per  cent,  of  saturation. 
The  S.W,  monsoon  bkAvg  from  ilay  to  September,  and  the  N.E.  monsoon 
during  the  remainder  of  the  year,  being  unsteady  and  ratlier  diverted  horn 
ita  course  (long-shore  wind)  in  February  and  ^larch. 

At  Kandy  (72  miles  from  Colombw,  1676  feet  above  sea-level),  the  mean 
temperature  is  less,  76" ;  the  air  is  still  absolutely  humid,  though  relatively 
rather  cLry ;  the  mean  relative  humidity  is  77  percent. ;  average  rainfjill,  84*5 
inches.  Tiie  heat  is  oppressive,  as  Kandy  lies  in  a  hollow,  as  in  the  l»ottom 
of  a  cup. 

At  Newera  Ellia  (48  miles  from  Kandy,  6240  feet  high)  is  a  laT^e  table- 
land, wdiere  fonnerly  some  Europeans  were  stationed ;  the  climate  is  Euro- 
pean, and  at  times  wintry  ;  the  thermometer  has  been  as  low  as  32%  and 
whit43  frosts  may  occur  in  the  early  moniing  in  the  coldest  montlis.  The 
mean  annual  temperature  is  about  59". ^ 

In  the  dry  season  (January  Uy  ^lay)  the  thermometer's  daily  range  isexces- 
sive  ;  the  thciTuometer  may  sUnd  at  35"  at  daybreak,  and  at  8  A.M.  reneh  62' ; 
at  midday  it  will  mark  70''  t<:>  74*,  and  then  fidl  to  50*  at  dark-  In  one  day 
the  range  has  been  from  27**  to  74"  =  47*,  The  air  is  very  dry,  the  difference 
between  the  dry  and  wet  bulbs  being  sometimes  15".  Assuming  the  dry 
bulb  to  mark  70%  this  will  give  a  relative  humidity  of  only  38  per  cent,  of 
siituration  ;  the  barometer  staJids  at  about  24  inches.  iVIthougli  the  diurnal 
range  of  temperature  is  thus  so  great,  it  is  equsd^le  from  day  Uy  day. 

Such  a  climate,  with  its  bright  sun  and  rarefied  air,  an  almost  constant 
breeze,  and  an  immense  evafn* rating  force,  seenis  to  give  us,  at  this  pcriod^^ 
the  very  beau  ideal  of  a  mountain  climate. 

In  the  w^et  season  (May  or  June  to  November)  all  these  conditions  ore  re- 
versed. The  mean  thermometer  of  twenty -four  hours  is  about  59*,  and  the 
range  is  only  from  SG**  at  daybreak  to  62"*  at  mid-day  ;  during  the  height  of 
the  monsoon  there  are  about  30  inches  of  rainfall,  and  sometimes  as  mndi 
afi  70  ;  the  air  is  often  almost  saturated.     Averjige  rainfall,  99  inches. 

A  more  striking  climatic  ditferencc  than  that  l>etween  January  and  June 
can  hardly  lie  conceived,  yet  it  is  said  Newera  Ellia  is  equally  hcaltliy  iti  the 
wet  as  in  the  dry  season;  the  human  frame  seems  to  accommodate  itself 
these  gre^it  vicissitudes  without  tlifficulty.     The  most  unJiealthy  times 
at  the  changes  of  the  monsoons, 

Tlie  soil  of  Newera  Ellia  is  chiefly  decomposed  gneiss;  it  is  described  by 
Dr  Massy  as  being  as  hygroscopic  as  a  sponge ;  the  contents  of  ccsspoob 
easily  traverse  it,  and  the  removal  of  excreta  demands  great  care. 

The  neighbouring  Morton  Hills  are  said  to  be  even  better  than  NeWi 
Ellia  itself.     Probably  in  the  whole  of  Hindustan  a  betti*r  sanitary  stati 
does  not  exist.     It  is  inferior,  if  it  be  inferior,  only  to  the  Neilgherries  ani 
one  or  two  of  the  best  Himalayan  stations. 

*  Mmiy  of  th&w?  fiicts  are  from  iin  excellent  Report  by  Dr  R  A.  Allan,  a.s  well  an  fmiii  . 
E.  Tenaent^s  book.    Sue  also  Climates  and  Weather  of  India  and  Ceylon^  by  H,  F.  BUafoi 
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Colombo  is  now  the  principal  station.  The  Fort  has  been  levelled,  and 
the  old  ditches  filled  up;  and  a  new  breakwater  built  which  permits  of  land- 
ing in  all  seasons.  Commodious  barracks  have  been  erected,  and  latterly  a 
pure  water-supply  has  been  brought  from  the  hills.  The  sanitary  arrange- 
ments of  the  barracks  are  excellent.  The  dry-earth  system  of  conservancy 
is  the  one  adopted,  and  appears  to  answer  well.  Much  yet  remains  to  be 
done  in  the  native  town,  but  the  new  water-supply  about  to  be  introduced 
will  have  a  most  beneficial  eflfect.  At  Kandy  the  barracks  have  lately  been 
considerably  improved. 

Sickness  and  Mortality^  of  Europeans  per  1000  of  Strength. 


Ycani. 

1 
Deaths.        1     Admissions. 

1 

MeandaUy 
Sick. 

Duration  of 
Sickness. 

1860-69  (10  years), 
1869-74  (6  years),  . 
1875-80  (6  years),  . 
1878-87  (10  years), 
1888,      .... 

23-76 
17-72 
16-46 
14-31 
16-88 

1424-9 
1112-6 
976-4 
1187-0 
1116-6 

66-52 

62-86 
61-93 
64-18 

16-60  days 

20-00 
19-04 
21-04 

Influence  of  Age  on 

Mortality, 

Years. 

Under  20 
years. 

30  and 
under  25. 

25  and 
under  80. 

30  and         35  and 
under  85.     under  40. 

40  and 
over. 

1864-73, 

1878-87, 

1888,      .... 

0-7 

6-27 

0-00 

16-89 

10-28 

1-66 

28-81 
12-44 
19-88 

26-60 
12-03 
12-66 

60-26 

26-40 

0-00 

173-91 
3-86 
0-00 

The  principal  causes  of  mortality  are  diseases  of  the  digestive  system 
(chiefly  hepatic  affections)  and  enteric  fever.  In  1886-87  the  death-rate  for 
the  latter  was  6*43,  and  in  1888,  6-18  per  1000.  The  proportion  of  deaths 
to  cases  has  been  iinusually  large.  Sewer  gas  has  been  considered  the  cause 
of  the  prevalence  of  the  disease. 
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About  68,000  Europeans  are  now  (1888)  quartered  in  India,  and  there 
is  in  addition  a  large  native  army.  In  this  place  the  Europeans  will  be 
chiefly  referred  to,  as  it  would  require  a  large  work  to  consider  properly  the 
health  of  the  native  troops. 

The  68,000  Europeans  are  thus  distributed : — About  42,000  are  serving 
in  the  Bengal  Presidency,  which  includes  Bengal  proper,  the  North- West 
Provinces,  the  Paiyab,  and  Beluchistan.  About  14,000  are  serving  in  the 
Madras  Presidency,  which  also  garrisons  Upper  and  Lower  Burmah.  About 
12,000  are  serving  in  the  Bombay  Presidency,  which  also  garrisons  Aden.^ 
The  troops  consist  of  all  arms. 

1  In  1876  the  death-rate  was  onlv  7-48,  but  this  was  exceptioiial ;  in  1888  it  was  26,  the 
great  excess  being  due  to  dysentery  in  the  Colombo  garrison. 

3  For  brevity,  it  is  customary  to  speak  of  serving  in  Bengal,  Bombay,  or  Madras,  when 
speaking  of  the  presidency,  so  that  these  names  are  sometimes  applied  to  the  cities,  some- 
times to  the  presidencies  ;  but  a  little  care  will  always  distinguish  wnich  is  meant.  In  1890-91 
the  European  Army  in  India  amounted  to  72,429. 
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Theise  men  are  serving'  iii  a  coimtry  which  mcludes  nearly  2^"  of  laL  and 
33**  of  long,,  and  in  which  the  British  possessions  amount  to  about  l,4O0,tX)0 
square  inile^,  and  t!ie  po|uilatioti  to  about  285^000,000,  Stretching  frc»iii 
within  8°  of  the  equat<3r  to  13°  beyond  the  line  af  the  tropics,  and  embniciug 
countiies  of  every  elevation,  the  climate  of  Hindustan  presents  alnjost 
every  variety ;  and  the  troops  serving  in  it,  and  moving  from  place  to  pkce, 
are  in  tarn  exposed  to  remarkable  tliiferences  of  temperature,  degrees  of 
atmosidieric  humidity,  pressure  of  air,  and  kind  and  force  of  wind,  <fcc. 

Watered  by  great  rivers,  wliieh  have  brought  down  from  the  high  Lim 
vast  deposits  in  Un?  courao  of  ages,  a  consiileraljle  portion  of  the  surfnc'e 
the  extensive  plains  is  formed  l>y  allu^dal  deposit,  which,  under  the  heat 
the  sun,  renders  vast  districts  more  or  less  malarious ;  and  there  are  certail 
parta  of  the  country  where   the    development  of  malaria  is  probably 
intense  as  in  any  part  of  the  world.     A  population,  in  some  placos  thickly 
clustered,  in  others  greatly  scattered,  formed  of  many  races  and  speaking 
many  tongues,  and  with  remarkably  diverse  customs,  inhabits  the  country* 
and  indirectly  alTects  very  gicatly  the  health  of  the  Europeans. 

Cantoned  over  tliis  country,  the  soldiers  are  oho  subjected  to  the  speciftl 
influences  of  their  barrack  life,  and  to  the  pecuHar  habits  which  tropical 
service  prfxluces. 

We  caji  divi<le  the  causes  which  act  on  tln^  European  force  into  fotiT 
sul>sections — 

1.  The  country  and  climate. 

2.  The  diseases  of  the  natives. 

3.  The  special  hygienic  conditions  under  which  the  soldier  is  placed. 

4.  The  service  and  the  individual  habits  of  the  soldier. 


SuB-SbCTIOX  L — TflE  COFNTttY  AND  ClIMATE.^ 


il 


iTlie  geological  structure  and  the  meteorological  conditions  are,  of  course, 

remely  various,  and  it  is  impossible  to  do  more  than  glance  at  a  few  of 
the  chief  jioints. 

1.  SoiL — There  is  almost  every  variety  of  geological  structure.  In  the 
north-west^  the  vast  chain  of  the  Himidayas  is  composed  of  high  peaks  of 
granite  and  gneiss ;  while  lower  down  is  gneiss  and  slate,  and  then  sand- 
Btone  and  diluvial  detritus.  Stretching  from  Cape  Comorin  alm«3st  to 
Guzerat,  come  the  great  Western  (Thauts,  formed  cliiefly  of  granite,  with 
volcanic  rocks  around ;  and  then,  stretch inf^t  from  these^  come  the  Vindhya 
and  Satpurn  Mountains,  which  are  chiefly  volc^mic,  and  inclose  the  two 
great  basins  of  the  Tapti  and  Nerbudda  rivers.  Joining  on  to  the 
Vindhya  come  the  Aravalli  Hills,  strctching  towards  Dellii,  aiid  having 
as  their  highest  point  Moimt  Alui,  which  is  probabl}^  def^tined  to  beoomf* 
the  great  health  resort  of  that  part  of  India, 

On  the  east  side,  the  lower  chain  of  the  Eastern  Ghauts  slopes  into  th« 
tableland  of  the  Deccixn  ;  and  at  the  junction  of  the  Eastern  and  Westem 
Ghauts  come  the  NeOgheny  Hills,  from  8000  to  9000  feet  above  aeadevel, 
and  formed  of  granite,  syenite,  hornblende,  and  gneiss.  But  to  enumerate 
all  the  Indian  mountams  would  be  impassible, 

Speakijig  in  very  general  terms,  the  soil  of  many  of  the  plains  may  he 
classed  under  four  great  headings : — 

(a)  Alluvial   soil,  brought  down   by  the    great  rivers   Ganges,    Indi 
Brahmaputra,  Godavari,   Kerbudda,   &c.     It  is  supposed  that  about  one- 


1  See  Himalayan  fmiia,  iti  Climate  and  DiseoMS^  by  F,  N.  Mftcnamara,  1880  ;  uid  \ 
tmd  yVmthfT  c/lndia^  Cq/Um^  and  ButtooA,  h^  li.  F,  Blmfocd^  1889. 
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tliird  of  all  Hindustiin  is  cominweii  of  tliis  alluvium,  which  i^  chieii)^  sili- 
ceous, wiih  some  aUmiiiia  and  iron.  At  points  it  is  very  stiff  with  clay — 
as  in  some  parts  of  the  Panjab,  in  8inde,  and  in  some  portion  uf  I^wei 
Bengal,  Underneath  the  alluvial  soil  lies,  in  many  places,  the  so-called 
clayey  laterito,     ^lany  of  the  stations  in  Bengal  are  placed  on  alluvial  soil 

This  alluvial  soil,  especially  when,  nni  far  from  the  surface^  clayey 
laterite  is  found,  is  often  malarious  ;  sometimes  it  is  moiat  ordy  a  foot  or 
two  fn^m  the  surface  ;  and»  if  not  covered  by  vegetation,  m  extremely  hot. 

As  a  rule,  troops  should  not  be  kieated  on  it.  Whatever  be  done  to 
the  spot  itself— and  much  good  may  be  done  by  efficient  draining — the 
influences  of  the  surrounding  cuuntry  cannot  be  obviated.  Europeans  can 
never  be  entirely  free  from  the  influences  of  malaria.  Theix^  is  but  one 
perfect  remeiiy  ;  to  le,ssen  the  force  in  the  plains  to  the  smallest  number 
consistent  with  military  conditions,  and  to  place  the  rest  of  the  men  in  the 
hills. 

Somewhat  different  from  the  alluvial  is  tlie  soil  of  certain  districts,  such 
as  the  viiat  Kunn  of  Cutch,  wliich  have  been  the  beds  of  inland  seas,  imd 
now  form  immense  level  marshy  tracts,  which  are  extremely  malarious. 
The  Rtinn  of  Cutch  contains  7000  square  miles  of  such  country. 

(6)  The  so-called  **regnr,^'  or  "cotton  soil/*  formed  by  disintegrated 
basalt  and  trap,  stretches  down  from  Bundelcund  nearly  to  the  south  of 
the  peninsula,  and  spreads  over  the  table-land  of  Mysore,  and  is  common  in 
the  Deccan.  It  is  often,  bxit  not  always,  dark  in  colour.  It  contains  little 
vegetable  orgixnic  matter  ( 1*5  to  2'5  per  cent.),  and  is  chiefly  made  up  of 
sand  {70  to  80  |>er  cent),  carbonate  of  lime  (10  to  20  per  cent),  and  a 
little  alumina.  It  is  very  absorb ent  of  water,  and  is  generallv  thought 
unhealthy.  It  is  not  so  malarious  as  the  alluviiun,  but  attacks  of  cliolera 
have  been  supposeil  t>  be  partieidarly  frequent  over  this  soil. 

(c)  Red  soil  from  disintegration  of  granite.  This  is  sometimes  loamy,  at 
other  times  clayey,  especially  where  felsimr  is  abundant  The  clay  is  often 
very  stiffs. 

{d)  Calcareous  and  other  soils  scattered  over  the  surface,  or  lying  beneath 
the  alluvium  or  cott<in  soil.  There  are,  in  many  parL^  of  India,  large  massoB 
of  calcareous  ((uirbonate  of  lime)  conglomerate,  which  is  C4illed  kankar.  It 
is  much  used  in  Bengal  for  flooring  and  for  roads. 

In  Behar,  and  some  other  places,  the  soil  contjiins  large  quantities  of  nitre, 
and  many  of  the  sand  plains  are  largely  impregnated  with  salts. 

2.  Temperature. — There  is  an  immense  variety  of  temprature.  Towards 
the  south,  and  on  the  sea-coast,  the  chmate  is  often  equal>le  and  uniform. 
The  amplitudes  of  the  annual  and  diurnal  Hoetuations  are  small,  and  in  some 
places,  especiaDy  those  wliich  he  somewhat  out  of  the  force  of  the  south- 
we^  monsoon,  the  climate  is  perhaps  the  most  equable  in  the  world. 

At  some  stations  on  the  southern  coast  the  tt^mpemture  of  the  sun's  zenith 
is  lower  than  at  the  declination,  in  consequence  of  the  occiu'rence  of  clouds 
and  rain,  brought  up  l»y  the  south-west  monsoon. 

In  the  interior,  on  the  plateaux  of  low  elevation,  the  temperature  is 
greater,  and  the  yearly  and  ilim-nal  fluctuations  are  more  marked.  On  the 
hill  atations  (6000  to  8000  feet  above  sea-level),  the  mean  temperatiire  is 
m.uch  le«s  ;  the  fluctuations  are  sometimes  great,  sometimes  incon.«iderable. 

The  influence  of  winds  is  very  great  on  the  temperature ;  the  sea-winds 
lowering  it,  hot  land-winds  rai-^ing  it  greatly. 

The  temjierature  in  the  svni's  rays  ranges  as  high  as  175*,  but  the  mean 
snn-rays'  temperature  is,  with  great  diiTei-ences  in  different  places,  between 
130'  and  160*  at  the  hottest  time  of  the  year. 


634 


FOREIGN   SERVICE. 


The  air  temperature  of  a  few  of  the  principal  stations  is  subjoined,  merelj 
to  give  an  idea  of  the  amount  of  heat  in  different  parts  of  the  country.^ 
Those  of  the  hill  stations  are  given  under  the  proper  headings. 

The  increase  and  the  amplitude  of  the  yearly  fluctuation  is  thus  seen  as  we 
pass  to  the  north,  and  ascend  above  sea-level. 

In  several  places  there  are  great  undulations  of  temperature  from  hot  land- 
winds,  or  from  sea  or  shore  breezes,  or  from  mountain  currents,  which  give 
to  the  place  local  peculiarities  of  temperature. 

To  get  the  same  mean  annual  temperature  as  in  England,  it  would  be 
necessary  that  9500  feet  be  ascended  in  places  south  of  lat.  20** ;  between 
lat.  20"  and  26°,  9000  feet;  between  lat  26"  and  30",  8700  feet;  and  north 
of  lat.  30",  8500. 

The  mean  monthly  temperatures  would,  however,  at  such  elevations, 
differ  somewhat  from  those  of  England.  Speaking  generally,  an  elevation 
of  5000  to  6000  feet  will  give  over  the  whole  of  India  a  mean  annual  tem- 
perature about  10"  higher  than  that  of  England,  and  with  a  rather  smaller 
range. 

Mr  Glaisher  has  calculated  that  in  the  cold  months  the  decrease  of  tem- 
perature is  1"*05  for  each  300  feet  of  ascent,  but  increases  from  March  to 
August  to  4" -5,  and  then  gradually  declines.  These  results  are  not  accordant 
with  the  results  of  balloon  ascents  in  this  climate. 


Afean  Temperature^  and  Height  above  Sea-Level,  of  some  of  the  principal 
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Humidity. — The  humidity  of  different  parts  of  India  varies  extremely ; 
there  are  climates  of  extreme  humidity — either  flat  hot  plains,  like  Bengal 
and  Assam,  where  the  hot  air  is  frequently  almost  saturated,  and  the  relative 
humidity  may  reach  90  per  cent  in  August;   or  mountain  ranges,  as  at 

1  These  are  taken  from  Climates  and  Weather  nf  Iridia,  Ceylon  and  Bumuth,  by  H.  F. 
BJan/ord,  1889. 
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Daijiling,  7421  feet,  where  95  per  cent  is  reached  in  the  same  month ;  a 
copious  rsiin,  at  certain  times  of  the  year»  may  make  the  air  excessively  nifiist, 
as  on  the  Malabar  coast,  the  coast  of  Tenasserim,  or  on  tlie  Khasyah  Hills, 
where  the  south-we«t  monsoon  parU  with  its  vapour  in  enormous  quantities. 
On  the  other  hand,  on  the  elevated  tal»lehind  of  the  interior  and  in  tlie 
hot  plains  of  North-West  India,  during  the  dry  season,  or  in  the  places 
ex]K»aed  t^j  the  land-winds  at  any  part^  the  air  is  excessively  dry.  On  t!ie 
Central  Indian  plateau  the  annual  averapje  of  the  relative  humitlity  is  only 
50  j>er  cent,  of  saturation;  in  Rajpotana  and  Giizerat,  only  47.  A  few  atationa 
are  liere  given  from  Blanford  : — 

Mean  Humidity  per  cent. 


39 


Hir;he3t   Monthly 

Maximum, 
Lowest     Alouthly    |  ^ 

Yearly  Meau,       *    {  78 


The  mean  relative  humidity  at  Greenwich  is  82,  varying  from  89  in 
I)ecenil>er  and  January  to  76  in  July.  Calcutta,  therefore,  \vith  a  mean 
yearly  humidity  of  78  pn-  cent,  of  saturation,  is,  aa  far  as  relative  humidity 
(i.p,,  evaporating  jwwer)  goes,  rather  less  moist  than  England,  and  the  evapo- 
rating power  is  also  increased  hj  the  higher  temperature. 

liain.—Thii  amount  of  rain  and  the  periml  of  fail  vary  exceedingly  in  thi* 
different  fdaces.     It  is  cliletly  regulated  hy  tl)e  monscKins. 

When  the  south-west  monsoon,  loiuled  vnih  vapour,  first  strikes  on  liigh 
land,  OH  on  the  Western  Ghauts,  on  the  Malahar  coast,  or  on  the  momitains 
of  Tenasserim,  and  especially  on  the  mountains  of  the  Khasyah  Hills,  at 
aome  pointj^  of  which  it  nieetis  with  a  still  colder  air,  a  deluge  of  rain  falls  ; 
as,  for  example,  at  Maliahaleshwar,  261  inches  ;  Monlraein  (Tenasaerim),  188 
inches  ;  Cherrapunji  (Khasyah  Hills),  474  inches*  Un  the  other  hand,  even 
in  places  near  the  sea,  if  there  is  no  higli  land,  and  the  temperature  is  high, 
scarcely  any  rain  falls ;  as  at  Kurraclu,  where  the  yearly  avenige  is  only  7*8 
inches.  Or  in  iidand  tiistricts,  the  sontli-weiit  monsoon,  having  lost  most  of 
its  water  as  it  passed  over  the  kills,  may  he  comparatively  dry,  as  at  Fe^h- 
awar^  where  there  are  13 '5  inches  annually.  At  Jacobahad,  in  Upper 
Sinde,  the  rainfall  is  only  4*4  inches  annually. 

The  yearly  amount  of  rain  hi  some  of  the  principal  stations  ia  aa  follows: — 
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Madras, 
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Bangalore,   . 

170 
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21*9 

;i5-fi 

SiAlkote.      . 

36-8 

Secunderabad, 

28-3 

R«wal  PiDili. 

32-4 

Burmah — 

PoshftWiir, 

13  6 

KaogooDf     . 

99  0 

guetta, 

1>9 

ThyetMyo,. 
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Winds, — ^The  general  winds  of  India  are  the  north-east  monsoon,  which 
is,  in  fact,  the  great  north-east  trade-wind,  and  the  south-west  monsoon,  a 
wind  caused  hy  the  aspiration  of  the  hot  earth  of  the  continent  of  Asia 
when  the  sun  is  at  its  northern  declination.  During  part  of  the  year  (May 
to  August)  the  south-west  monsoon  forces  hack  the  trade-wind  or  throws  it 
up,  for  at  great  altitudes  the  north-east  monsoon  blows  through  the  whole 
year,  and  the  south-west  monsoon  is  below  it.  But,  in  addition,  there  are 
an  immense  number  of  local  winds,  which  are  caused  by  the  effect  of  hills 
on  the  monsoons,  or  are  cold  currents  from  hiUs,  or  sea  breezes,  or  shore- 
winds  caused  by  the  contact  of  sea  breezes  and  other  winds,  or  by  the  first 
feeble  action  of  the  south-west  monsoon  before  it  has  completely  driven 
back  the  north-east  trade.  The  south-west  monsoon  is  in  most  of  its  course 
loaded  with  vapour ;  the  north-east  is,  on  the  contrary,  a  colder  and  drier 
wind,  except  when  at  certain  times  of  the  year,  in  passing  over  the  Indian 
Ocean,  it  takes  up  some  water,  and  reaches  the  Coromandel  coast  and 
Ceylon  as  a  moist  and  rain-carrying  wind. 

The  hot  land-winds  are  caused  by  both  the  south-west  monsoon,  after  it 
has  parted  with  its  moisture  and  got  warmed  by  the  hot  central  plains,  and 
the  north-east  monsoon;  the  temperature  is  very  great,  and  the  relative 
himiidity  very  small,  the  difference  between  the  dry  and  the  wet  bulb  being 
sometimes  15**  to  25°  Fahr. 

Pressure  of  the  Air, — On  this  point  little  need  be  said.  The  barometer  is 
very  steady  at  most  sea-coast  stations,  with  regular  diurnal  oscillations, 
chiefly  caused  by  alterations  in  humidity.  An  elevation  of  5000  feet  lowers 
the  barometer  to  below  26  inches. 

Electricity. — On  this  point  few,  if  any,  experiments  have  been  made ;  the 
air  is  extremely  charged  with  electricity,  especially  in  the  dry  season,  and 
the  dust-storms  are  attended  with  marked  disturbance  of  the  electrometer.^ 

Effects  of  Climate. — ^The  estimation  of  the  effects  of  such  various  climates 
is  a  task  of  great  difficulty.  Long  continued  high  temperature,  alterna- 
tions of  great  atmospheric  dryness  and  moisture,  rapidly  moving  and 
perhaps  dry  and  hot  air,  are  common  conditions  at  many  stations;  at 
others,  great  heat  during  part  of  the  year  is  followed  by  weather  so  cold 
that  even  in  England  it  would  be  thought  keen.  When  to  these  influences 
the  development  of  malaria  is  added,  enough  has  been  said  to  show  that, 
a  priori,  we  can  feel  certain  that  the  natives  of  temperate  climates  vnll  not 
support  such  a  climate  \vithout  influence  on  health,  and  the  selection  of 
healthy  spots  for  troops  is  a  matter  of  the  greatest  moment  as  affects  both 
health  and  comfort.  This  much  being  said,  it  must  at  the  same  time  be 
asserted  that,  malaria  excepted,  the  influences  of  climate  are  not  the  chief 
causes  of  sickness. 

The  location  of  troops  should  be  governed  by  two  or  three  conditions — 1, 
military  necessities ;  2,  convenience ;  3,  conditions  of  health.  The  second 
of  these  conditions  is,  however,  a  mere  question  of  administration ;  every 
place  can  be  made  convenient  in  these  days  of  railway  and  easy  locomotion. 
Military  necessity  and  health  are  the  only  real  considerations  which  should 
guide  our  choice.  The  vital  military  points  must  be  held  with  the  necessary 
forces,  and  then  the  whole  of  the  remaining  troops  can  be  located  on  the 
most  healthy  spots. 

These  spots  cannot  be  in  the  plains.  Let  any  one  look  at  a  geological 
map  of  India,  and  see  the  vast  tract  of  alluvial  soil  which  stretches  from  the 

1  See  Baddeley's  Whirhoinds  and  Dust  Storms  of  hxdia  (1860),  for  a  very  gocxl  account  of 
these  singular  storms. 
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loose  soil  of  Calcutta,  formed  by  the  deposit  of  a  tidal  estuary,  up  past 
Cavvnpore,  Delhi,  to  the  vast  plains  of  the  Panjab,  Sinde,  and  Ueluchistan. 
The  Avholc  of  that  space  m  more  or  less  midarious,  tmd  will  continue  to 
he  ao  until,  in  the  course  of  cruturies,  it  is  brought  into  rx)Dipl0te  tillage, 
drtiLtieil,  antl  cidtivated.  Moreover,  heat  alone  without  malaria  tells  upon 
the  Kuropean  frame,  lessens  the  amount  of  respiration  and  circulation,  and 
lowers  digestive  power. 

In  h>i>kiug  for  healthy  spots,  where  tempemture  is  less  tropical,  and 
nialariou.^  exhalations  less  abundant,  there  are  only  two  chisses  of  localities 
which  ean  be  chosen — seaside  places  and  highlands. 

Stmidt  Places, — The  advantiiges  of  a  locality  of  tins  kind  are,  the  reduc- 
tion in  temperature  caused  by  the  expanse  of  water,  the  absence  of  excessive 
dryness  of  the  air,  and  the  frequent  occurrence  of  breezes  from  the  sea.  All 
these  advanhvgei^  may  be  coimteracted  by  the  other  features  of  the  place  ; 
by  a  dump  alluvial  soil,  liad  water,  &c. 

In  the  iiay  of  Bi/ugal,  W'jdUur,  in  the  northern  division  of  Madras,  is  one  of 
the  best  places.^  Cupe  CaUmrre  (28  miles  south  of  Nagapatam)  also  api>ear8 
to  biive  many  advantages  (Macphei*tton).  On  the  opposite  coast,  Cape  Xegrais, 
on  the  BuiTuese  coast,  was  jxiinted  out  as  long  ago  as  1825,  by  Sir  liiinald 
Martin,  as  a  good  murine  siuiitarium,  and  Amherst,  in  Tenasserim,  aiul  some 
of  the  islands  down  the  coast  towards  Mergui,  are  beautiful  spots  for  sucli  a 
purpose,  beingj  h-jwever,  unfortunately  at  a  great  distance  from  the  large 
military  stations,  and  not  well  suppHed  with  for>d. 

On  the  Bombay  side,  at  8edashagar  or  Beitkal  Bay,  between  Mangalore 
and  iron,  n  spur  of  Uie  Western  (Thauts  projects  into  the  sea  for  upwards  of 
a  mile,  and  fonus  an  admind^le  sea-coast  sanitanum  (Macpherson). 

All  these  sea-coast  sttitions  seem  atlapted  for  organic  visceral  affections 
mid  dysentery,  but  they  are  not  so  well  calculated  for  permanent  stations 
for  heiiltby  men.     I^'ohably  they  are  rather  sanitfiria  than  stiitions. 

Hitjhlandi^, — The  location  of  troops  on  the  hills  or  on  elevated  tablelands 
has  long  been  considered  by  the  best  anny  medical  fifhcers  as  the  most 
important  sanitary  meiosure  which  can  br^  adopted.  Not  only  does  such  a 
location  improve  greatly  the  vigoiu*  of  thn  men,  who  on  the  hill  stixtion^s 
preserve  the  healthy,  ruddy  hue  of  the  European,  but  it  prevents  many 
diseases.  If  properly  selected,  tlie  vtist  class  of  malarious  diseases  dis- 
appears ;  liver  diseases  are  less  common,  and  bowel  complaints,  in  some 
stations  at  imy  rate,  are  neither  so  frequent  nor  so  violent.  Digestion  Jind 
blood  nutrition  are  greatly  improved.  Moreover,  a  pri^per  degree  of  exercise 
can  be  taken,  and  the  best  jiersonal  hygienic  rules  easOy  observed. 

Indian  surgeons  appear,  however,  tf>  think  the  liiil  stations  not  adaptctl 
for  cardiac  and  respiratory  complaints  ;  it  is  possible  tbat  this  objection  is 
theoretical.     The  latest  Eui-opean  experience  is  to  the  eit'ect  that  phthisis  is 
singularly  benetitcd  by  even  moderate^  still  more  perhaps  by  great  elevation  ; 
that  ann^miii  and  faulty  blocMl  nutrition  are  cured  by  high  positions  with  gi'eat 
rapidity,  and  that  if  the  elevation  be  not  toe*  great  (i>erhaixs  not  over  3000 1 
feet)  even  chronie  he^irt  diseases  are  improveil.     The  rainy  seasim  in  tlie  hill^i 
however,  is  very  unfavourable  to  phthisical  cases.     In  some  of  the  hill  station*  i 
of  India  bowel  complaints  were  fonuerly  so  frequent  as  to  give  rise  to  Qiv 
term  "  hill  diarrha^a."     The  elevation  was  credited  '\vith  an  eflect  which  it 
never  produced,  for,  not  to  speak  of  other  j>arts  of  the  world,  there  an* 
stations  in  India  it^ielf  (Darjrling  and  Chakrata,  for  example),  as  high  as  any 
other,  wbere  the  si>-called  hill  diarrha^a  is  unknown.     At  Newcra  Ellia,  in 
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Ceylon,  tnti,  if  the  simple  condition  of  mountain  elevation  could  have  pro- 
duced diarrhcBa,  it  would  have  been  present.  The  cause  of  the  hill  diarrhcBa 
was  certtiinly,  in  many  stations,  it n wholesome  drinking  water ;  whether  or 
not  this  wtis  the  case  in  all  is  uncertsiin.  Some  of  the  hill  stations  are  saifl 
not  to  be  adapted  lor  rheumatic  cases ;  in  other  instances  {as  at  Snbithu) 
rheumatism  is  much  beneiited.  From  reading  the  reports  from  these  stations, 
it  is  more  probalile  that  damp  ImrrackSj  and  not  the  station,  have  been  in 
some  cases  the  cause  of  the  rheuiiiQtism. 

But  it  must  be  noticed  that  the  evidence  given  before  the  Indian 
Sanitary  Commission  sliows,  on  all  or  almost  all  hill  stations,  a  most  himeiit- 
able  want  of  the  comunjnest  sanitary  appliances.  At  great  expense  men 
are  sent  up  to  the  hills,  where  everything  is,  or  was,  left  undone  which 
could  make  that  ex]>ense  protitsible.  It  appeared  to  be  tlioiight  sufficient 
to  ELScend  6000  feet  ttj  almndon  all  the  mo^^t  obvious  sjinitary  rules,  %vithout 
which  no  place  can  be  healthy.  Even  within  Late  years  tins  dLsregiird  of 
sanitary  precjiutions  has  prevailed  at  many  hill  stations,  ami  many  cases  of 
ent'Cric  fever  have  occurred. 

Admitting,  as  a  pouit  now  amply  proved,  that  stations  of  elevation  are 
the  proper  localities  for  all  trooi>s  not  detained  in  the  plains  by  imperative 
military  reasons,  the  following  questions  are  still  not  completely  answered  : — 

L  What  amount  of  elevation  is  the  best?  We  have  seen  that  to  reduce 
the  temperature  to  the  English  mean,  5000  to  6000  feet  must  on  an 
average  be  ascended.  But  then  such  an  elevation  brings  with  it  certain 
inconveniences,  viz,,  in  some  sttitions  much  rain  and  even  fog  at  certain 
times  of  the  year,  and  cold  winds.  However  unpleasant  this  may  be,  it  yet 
seems  clear»  from  the  experience  of  Newera  Ellia,  in  Ceylon^  that  damp  and 
cold  are  not  hurtfuL  But  it  must  also  be  said  that,  with  a  proj>er  selection, 
dry  localities  can  be  found  at  this  elevation. 

From  3000  to  4000  feet  have  been  recommended,  especially  to  avoid  the 
conditions  just  mentioned.  Whetlier  places  of  this  height  are  equal  in 
salubrity  to  the  colder  and  higher  points  is  uncertain. 

Even  at  6000  feet  there  may  be  marsh  land,  though  it  is  not  very 
malarious.  Malarious  fever  has  been  known  during  the  rains  at  KasanU 
(6400  feet)  and  Sabfitlm  (4000),  and  other  llimsdayan  stations.  Malaria 
may,  howc\'er,  drift  up  valleys  to  a  great  height, ^  but,  apart  from  this,  it 
seems  likely  that  5000  feet,  and  probably  4000,  will  perfectly  secure  from 
malaria.     Probibly,  indeed,  a  less  height  will  be  frmnd  effectual 

At  no  point  do  hot  land-winds  occur,  or  at  any  rate  endure,  at  above  4000 
feet.  On  tlie  whok%  it  would  appear  probable  that  the  best  localities  aie 
above  5000  feet,  but  below  7000. 

2.  What  stations  are  the  best — the  tops  of  soHtary  hills,  apura  of  high 
momitains^  or  elevated  tablelands  ? 

Ranald  ^Martin  has  called  especial  attention  to  the  solitary  hills,  rising  iia 
they  do  sometuues  from  an  ahuoat  level  ]>lain  to  2000  and  3000  feet  Such 
mountain  islands  seem  especially  adapted  for  troops  if  there  is  sufficient 
space  at  the  top.  They  are  free  from  rapines  conducting  cold  air  from 
higher  land,  and  are  often  less  rainy  than  the  spurs  of  loftier  hills.  The 
water  supjily^  however,  may  be  a  matt«?r  of  ditiiculty. 

The  spurs  of  tlie  Himalayas,  however,  present  many  ehgible  spots,  and  ea 
do  some  tablelands.  And  perhaps,  on  the  whole,  if  the  elevation  is  sufliciont^ 
it  is  not  a  matter  of  much  importance  which  of  these  formations  is  chosen ; 


1  It  han  clrjfl4id  up  even  to  the  summJU  of  tbti  Neilgbtimes,  7000  or  3000  te&L^^mdimm 
tSanitary  /import,  Mr  EUvoVs  EviAevicc,  vol.  i,  \>»  ^0. 
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Olher  circujiistances,  viz.,  purity  of  water,  space,  ease  of  access,  and  supplies, 
Ae,,  mil  generally  decide, 

Iti  ehoosing  bill  stations,  tlie  poiats  discussed  in  the  chapter  on  Soils 
should  he  carefully  consid«:red,  and  it  is  always  desii'iiblc  to  have  a  trial  for 
a  year  ot  two  before  the  station  m  ]>eriiianeiitly  fixed. 

In  all  the  presidencies  of  India  elevated  sjxjta  where  troops  van  be 
Ciintoned  exist  in  abundance.^  The  followinjj^  table  (p,  640),  ^ves  some  of 
the  principal  hill  stations.  Fresh  st*itions  are,  however,  being  consttmtly 
discovered,  and  it  si-euLs  now  certiiin  that  there  is  scarcely  any  important 
strategical  i>oint  without  an  elevated  sitts  near  it. 

Near  Naini  Tal,  in  Kuniaon,  are  Almonih  (5500  feet)  and  Hawalliagh 
(4000  feet),  both  well  spiken  of.  Kanavvar  (5000  or  6000  teet),  iii  the 
valley  of  the  Sutlej,  has  a  delicious  climate;  ami  Chini  (about  100  niilea 
from  Simla)  is  a  nujst  desirable  sptjt. 

If,  then,  the  mass  of  the  troops  are  cantoned  on  elevated  places,  the  dis- 
advantages of  climute  are  almost  removed.  The  Indian  Sanitary  Commis- 
sioners recommended  that  one-third  of  the  force  shall  he  in  the  hills,  and 
that  enfeebled  men  and  recruits  especially  shall  he  sent  there.  But  it  is  to 
he  hoped  that  not  only  one -third,  but  a  large  majority  of  the  trooi)s  will 
eventually  be  placed  there. 
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Bub-Section  II,— Diseases  op  the  Natuts. 

It  is  impossible  that  Europeans  can  be  perfectly  isolated  from  the  nations 
among  whom  they  serve  ;  they  have  suffered  fnym  the  pestilential  diseases 
of  the  Hindus,  hut  still  it  is  wonderful  that  they  have  not  suHered  more. 
Cholera  is  the  chief  diseiise,  which,  arising  hi  the  native  population,  scourges 
their  conquerors*  Some  fevers  also — relapsing  fever,  perhaps  a  **  fcliris 
ieterodes,"  or  bilious  remittent,  which  has  attacked  Europeans — ^have  had 
their  origin,  or  at  any  rate  their  conditions  of  spread,  in  the  dense  popula- 
tir*ns  of  native  cities.  Happily  the  Black  Death  (the  ilaba  Mari,  or  Pali 
plague)  has  never  yet  spread  to  the  troops,  and  has  indeed  been  confined 
within  narKJW  limits.  Still  these  pestilences  among  the  mitivo  population 
are  an  ever-present  menace  to  Europeans,  and,  as  in  the  case  of  cholera,  may 
pass  to  them  at  any  time.  Cholera,  certainly,  will  never  be  extirpated  until 
attacked  in  lis  strongholds,  among  the  miserable  dAveUings  which  make  so 
large  a  part  of  every  Orientjil  city.  In  1867  there  were  some  casea  among 
the  troops  of  the  contagious  fever  which  has  caused  so  much  mortality  in 
many  of  the  Bengal  jails.  Smallpox  is  rife  among  the  native  population, 
but  systematic  vaccmation  is  being  extended  thrtjughout  the  country,  and 
the  prejudices  of  the  natives  are  gradually  disiippearing.  The  exact  infiuence 
on  E^iropaiis  of  the  customs  and  mmles  of  life  of  the  natives  of  India  has 
not  been  made  an  object  of  special  study,  hut  it  cannot  be  inconsiderable.  In 
many  [ilaces  the  Europeans  and  the  natives  are  in  close  neighbourhood,  and 
the  air  at  all  times,  antl  often  the  water,  must  be  influenced  by  the  social  lifi^ 
of  the  native  races.     The  proximity  to  large  cities  or  Imzaara  is  indeed  often 

1  See  the  eviiknce  ia  the  Indian  Sanitary  Report  {xoV,  L)  of  8ir  R.  Martin,  Mr  Elliott^  Dr 
MacleuL  Dr  Aluxaii^ler  Grant,  Mr  Ho&tgomery  Martin,  and  ottierH.  Aho  n\ml  iui^tructivu 
reports  oy  Mr  Macpberson,  Indian  Repmi,  vol.  iL  p.  622 ;  and  by  Dr  Alexauder  (front, 
Jndian  Annalt.  On  thti  location  of  troops  nsferunce  may  abo  be  mode  to  thu  Lvto  Sargeon* 
Oenentl  Dr  Bcataon*!;  very  dt*ci<k*d  opinion  on  the  necessity  of  placing  on  the  liills  all  tb«  m<3D 
who  can  he  ftpared  fmni  th«  ruiUtary  posts  in  the  Dkin«.  No  more  valuable  opinion  could  be 
ffiv«u  on  onch  a  point  thuu  that  of  an  oiticer  wb<>  liarl  the  lanrest  poasible  «?x])erit^nce,  and  the 
best  op|)ortanitie9  of  forniinj:  a  correct  judgment.  (Seo  bi»  Rep&ri  in  the  Arinp  Med.  Report^ 
vol.  nil.  p.  S470  Sir  William  Muir  also  ni-gcd  this  pointy  and  the  reault  ia  tliat  gradu&Uy 
more  and  more  troops  art  locatiid  on  the  hiUii. 
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alluded  to  by  army  officers  as  influencing  the  health  of  their  men ;  it  would 
be  very  interesting  to  know  the  precise  effect.  The  sanitary  condition  of 
almost  all  the  large  native  towns,  and  the  sanitary  habits  of  the  country  people, 
are  as  bad  as  can  be.     Bad  water,  foetid  air,  want  of  sewage  removal,  and  per- 
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sonal  habits  of  imclcanliness  abound  everywhere.  The  Keport  of  the  India 
Sanitary  Commission,  and  the  activity  of  the  Indian  officials  in  the  Sanitary 
Departments,  have  established  a  series  of  changes  in  this  respect,  which  will 
probably  alter,  in  foto,  the  medical  liistory  of  India. 


Sub-Section  III. — Special  Hygienic  Conditions. 

The  special  hygienic  conditions  (apart  from  locality)  under  which  the 
soldier  serves  in  India  have  been  the  main  causes  of  excess  of  disease.  Tliis 
subject  received  a  searching  inquiry  from  the  Sanitary  Commissioners.*  They 
declared,  and  after  reading  the  station  reports  and  the  evidence  given  before 
them  no  one  will  doubt  the  asvsertion,  that  while  malaria,  extremes  of  tem- 
perature, moisture,  and  variability  of  temperature  caused  a  certain  amount  of 
sickness,  "  there  were  other  causes  of  a  very  active  kind,  connected  with 
stations,  barracks,  hospitals,  and  the  habits  of  the  men,  of  the  same  nature 
as  those  which  are  known  in  colder  climates,  to  occasion  attacks  of  those 
very  diseases  from  which  the  Indian  Army  suffer  so  severely." 

The  Commissioners  enumerated  a  list  of  causes  connected  with  unhealthy 
stations,  bad  barracks,  overcrowding,  impure  air  and  water,  bad  drainage, 


1  Report  of  the  Commissioners  on  the  Sanitary  State  of  the  Army  in  Imiia,  1863. 
p.  79,  published  in  1864  \u  small  bulk. 
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imperfect  ablution,  inferior  rations  and  cooking,  &c.  During  the  last  thirty 
years  iill  these  conditions  have  undergone  a  ppogreasive  improvement :  new 
biirmcks  have  l>eeji  built  alToriJing  ample  accomniLHlatiou  for  the  troops  :  pure 
water  supplies  have  in  many  jjlaeei*  been  iotrtxlucei!  from  a  distance  i  the 
dry  earth  tv^'stem  has  been  adopted  nearly  everywhere  ;  uud  more  careful 
supervision  is  exercised  over  the  food  supphes  generally. 


Sub-Sbction  R\ — HABrra  and  Customs  of  thb  Tboops. 


^ 


e  habits  of  the  men  and  the  customs  of  service  were,  however,  also 
t  causes  of  diseases,  and  are  still  so  to  some  extent. 

TJie  men  %vere  formerly,  as  a  rule,  intemperate,  gre^t  smokers,  and  indis- 
posed for  exertion.  It  has,  indeed,  been  pointed  out,  that  in  proportion  to 
their  amount  of  exerciso  the  luen  were  much  overfed ;  but  precise  evidence 
is  wanting. 

Tbt^  want  of  exercise  is  not  always  the  fault  of  the  men.  The  early  morn- 
ing hours,  and  often  the  evening,  are  occupied  with  jxirades ;  in  the  j^ieriod 
between,  the  men  used  to  be  eoriihaed  to  biirracks,  and  are  still  soiiietimea 
so.  Here,  listless,  unoccupied,  and  devoured  with  ennui,  tliey  passed  the 
weiiry  day,  lying  down  perhaps  for  hours  daily,  or  lounging  on  chairs 
smokiog. 

This  forced  confinement  to  barracks  ia  indeed  an  evil  often  great-er  than 
that  it  is  intended  io  remove.  To  prevent  men  from  passing  out  into  the 
sun  tliey  used  to  he  comjielled  to  remain  in  a  hot,  often  ill- ventilated  room, 
worse  for  health  tlian  the  intciisost  rays  of  the  sun,^  that  scapegoat  of  almost 
every  fault  and  vice  of  Indian  life. 

All  these  causes  have  been  summed  np  by  Miss  Nightingale  m  some  of 
those  telling  sentences  wliich  have  done  more  than  anything  else  to  force 
attention  ta  these  vittd  fpiestions.^  At  the  present  time,  liowever,  the 
barrack  accommodation  for  the  troops  is  excellent,  the  cubic  space  (1800  feet 
in  the  plains)  is  ample,  and  the  ventilation  satisfactory. 

Of  late  years  also  a  great  ebanjije  has  taken  place  in  the  liabits  of  the  meu, 
— more  open  air  exercises  of  all  kinds ;  and  in  the  eooler  stations  athletic 
sport.^  and  cricket  have  been  encouraged  ;  in  scjme  uf  the  hill  stations  the 
troo|>s  have  been  employed  in  making  roads  and  pul-»he  works,  and  the 
practice  of  trades  has  been  promoted.  Were  the  troops  chielly  on  the  IdlJs, 
as  much  exercise  as  at  home  would  be  fKJSsible,  and  the  men  would  preserve 
their  Kuropean  vig*air  and  ajjpearance.  But  even  iji  the  [►lains  exercise  is 
necessary,  and  if  it  be  taken  at  prQi>er  times  (*'.<•,,  with  avoidance  of  the 
hottest  hours),  and  with  proper  firecautions,  such  as  keeping  the  he^id  and 
spine  well  covered  and  cool^  putting  on  aft^?r  profuse  sweatin*^  dry  and  thin 
mixed  cotton  and  woollen  underclotlies,  and  protecting  the  loins  and  alxluujen 
with  ft  silk  or  flannel  sash,  and  avoiding  stimulanla  before  and  during  the 
exercise,  all  men  would  be  henetited  even  by  very  great  exercise. 

The  pale,  fei-ble  appearance  of  persona  who  keep  much  in  the  darkened 

'  The  lak'  Dr  Parkes  wrot©;— **T  '*liiilj  never  for^t't  the  rtuflVriuxs  of  the  men  in  the  old 
lianracks  lit  Mailr.i-s.  We  arrivfil  thtrt?  Jrom  MoiihneiD^  wljcn.^  tin-  men  hml  m-vtr  iK-en  eon- 
Jiuinl  i0  barnicks,  .iiid  where,  duriui:  two  hot  seiuioiiH,  nti  injury  had  renult^d  from  allciMritjg 
theiji  to  go  mit  wlu^ri  they  likeiL  On  arrival  at  Madra%  in  atitonUuee  with  iuvariablt?  euBtoiu, 
the  men  weru  coiifiiu'd  ia  IwirnifkH.  They  lay  all  day  on  their  bwls^  rt^ekiiig  with  jitrspira* 
tioii  ;  the  |)lnee  woh  so  Amnll  and  ventihition  so  bttd,  that  the  heAt  wan  ittiffectly  intolerahle 
in  thi"  ijftrrackN,  tlion^h  the  HUn's  myn  wiTe  quitt^  he&ralle.  The  stifferingis  werv  extreme. 
Wlieu  the  iiftenioon  came,  more  injury  had  been  *loue  by  the  hot  aiid  impure  air  than  ax- 
jKMmre  to  the  sua'a  rays  could  have  cAuiwd," 

Mmtf  People  majf  Live  and  not  Dk  in  India^  by  Florence  Nightingale,  1863. 
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houses  is  really  owing  more  to  the  absence  of  liglit  and  t*>  the  unhefldtby 
sedentary  life  than  to  the  ellect  of  the  climate. 

The  subject  of  clothing  has  been  already  referred  to.     In  Algeria,  as 
India,  much  good  has  been  ascribed  to  the  use  of  very  large  Hannel 
which  the  French  suspend  from  the  shoulders,  a  plan  better  adapt^ 
comfort  thiui  the  so-eidled  cholera  lielts  of  Lidia. 

With  regard  especially  to  diet,  two  jx^mts  must  be  considered  z- — 

1.  Wliat  amount  of  food  should  be  taken  1     In  India,  as  in  all  ports  o£ 
the   worlilj  food  should  he  Uiken  in  pro|xirtion  tcj  the  mechanical   tr-   ^ 
done  by  tlie  body,  and  to  the  equivalent  of  mechanical  energy,  viz.,  ai 
heat. 

High  temperature,  as  lessening  the  loss  of  the  body  heat,  must  pro 
lesscu  the  need  of  food  Uy  i^iupply  the  tempeniture  ;  and  it  has  be<?n  supj. 
that  the  diet  of  men  in  cold  countries  (Arctic  regions)  and  in  hot  contracii 
remarkably  in  resjiect  of  the  amount  of  carbonaceous  food  taken  by  ej 
But  although  it  is  certain  that  large  quantities  of  meat  and  fat  are  taken 
men  living  in  or  arriving  in  cold  countries,  it  is  now  knoivn  that  the  nati 
of  some  of  the  hottest  parts  of  tlie  world  take  immense  quantities  of  bi:i1 
fata  and  starches.  In  fact,  both  these  suhsUtnces  are  taken  to  supply 
mechanical  energy  directly^  as  well  as  animal  heat.  It  is  not,  in  fact,  y«*l 
known  what  amount  of  lessening  of  foml,  or  what  kind  of  lesstjning,  th« 
increased  heat  of  the  tropics  demands,  or  whether  any  is  demanded,  for  exoet 
experiments  are  Wiinting.  Our  best  guide  at  present  for  the  qimntity  of 
focMl  t^>  lie  tidveii  in  the  tropics  is  to  apportion  it  to  the  amount  of  mechani 
work  done,  as  in  temperate  climates.  In  India,  as  elsewhere,  it  must  bo 
balance  with  exercise.  The  i»oints  then  to  l>e  considered  are  the  aiuoimta 
daily  food  and  of  daily  exercise,  and,  by  means  of  the  tables?  formerly  givi 
and  by  knowmg  the  luibits  of  the  men,  little  difficulty  will  he  foiuid  in 
termining  the  prosier  ration  quantity  of  food  with  accuracy. 

In  considering  the  amount  of  food,  it  must  be  remembered  that  the  soldier 
ttlniost  always  buys  additional  food,  and  often  eats  much  moi'e  than  hin 
ration. 

2.  Admitting  {till  better  observations  are  made)  that  men  in  the  iropii 
imdergoing  bs  much  exertion  as  at  home,  will  ilemand  as  much  food,  and 
the  same  ]>roportions,  as  far  as  the  four  classes  of  aliment  are  concerned  (. 
all  physiological  evideuce  goes  to  show  that  this  must  l)e  the  case,  and  tl 
not  external  t-emperature,  per  «<»,  but  the  work  of  the  boiiy,  is  the  chief 
measure  of  foixl),  the  next  question  is  whether  tlie  different  articles  of  the 
diet  should  be  altered;  whether,  for  example,  the  same  amount  of  nitrogen 
being  given,  it  should  he  contiiined  in  vegetable  or  animal  fi>od  ? 

It  has  been  sUited  l)y  several  of  the  best  observers  in  the  tropics  that  tiio»i 
who  cat  largely  of  animal  food  are  less  healthy  than  those  who  take  moi^ 
vegetable  friod  ;  and  Friedel,  in  his  work  on  China,  has  again  directed  atten- 
tion to  the  fact  ^  tlmt  tlie  amount  of  digestive  and  hepatic  disease  is  mm 
greater  among  the  English  than  among  any  other  p]uro[)ean  settlers  in  Chi 
But  whether  this  is  owhig  to  excessive  animfd  food,  or  excess  generally 
all  fuod,  and  to  too  nnich  wine,  beer,  and  spirits,  is  not  certnitL     The 
is  probably  too  rich  as  a  whole. 

Sui>pasing  meat  is  taken  in  proper  but  not  excessive  quantity  with  farin- 
aceous foc^l,  as  at  liome,  is  it  less  heidthy  than  a  quantity  of  \  food 
con  tabling  an  equivalent  amount  of  nitrogen?  On  this  point  ntilic 
evidence  has  not  been  pnxlured.     With  regard  to  excess  of  animal  fotxl  tlierf^ 
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loubt ;  but  animal  food  in  moileration  has  not  been  shown  to  be  more 
active  in  causing  liver  compliiints  iti  India  than  at  home. 

Oonwidering,  indeed,  how  importiint  it  is,  when  the  digestive  organs  liave 
been  a<!customed  to  one  sort  of  diet,  not  to  cliange  it  sndd*?nly  and  com- 
pletely, it  spcnis  vvTV  doubtful  whether  it  would  bo  desirable  for  the  EiircK 
pean  arrivijig  in  India  at  once  to  give  up  all  previous  habits,  and  to  com- 
mence an  entirely  different  kind  of  diet 

It  is  jMjssible,  however,  that  the  meat  standard  of  England  might  be  some- 
what reduceil^  and  the  bread,  flonr,  and  legnminosee  increai*ed.  This  is  not 
the  opinion,  however,  of  some  of  those  who  have  paid  jiarticular  attention 
to  Indian  rations  (Dr  C.  A.  Gordon  and  Dr  IngUs),^  and  who  believe  that 
the  amount  of  meat  is  even  too  small. 

It  has  often  been  said  that  Eyroi>euns  in  India  should  imitate  the 
natives  in  tlicir  fi>od,  bnt  this  opinion  is  based  on  a  misconception.  The 
use  of  ages  has  aceiistome<i  the  Hindu  to  taking  large  quantities  of  rice, 
with  pulses  or  corn ;  put  a  European  on  this  diet,  and  he  nmld  not  at  first 
digest  it ;  the  very  l>nlk  wyidd  be  too  moth  for  hinu  The  Hindu,  witli  this 
dietj  is  obligtHl  to  t;ike  large  quantities  of  condiments  (pepper,  *fec.).  The 
European  who  di<l  t!ie  same  would  produce  acute  gastric  catarrh  and  hepatic 
congestion  in  a  very  short  time  ;  in  fact,  as  already  stated,  one  great  fault 
of  the  diet  of  Euroj>eans  arriving  in  India  is  too  gi'eat  use  of  this  part  of  the 
native  diet. 

Two  points  about  the  diet  of  India  seem  quite  clear.  One  is,  that  spirite 
are  most  hurtful,  and  that  even  wine  and  beer  must  be  ttiken  in  great 
moclerjitiou.  Of  the  two  beverages,  light  wines  (clarets),  which  are  now 
liapi>ily  mucli  used  in  India  by  ofticei's,  are  the  best  For  tlie  men  good 
light  beer  shuuM  be  pi-ovided,  but  it  is  imporUmt  to  teach  the  men  modera- 
tion. The  allowance  per  man  per  diem  should  never  he  more  than  a  quart, 
and  men  would  find  theuisehes  healthier  with  a  single  pint  per  day.  But 
it  woidd  seem  proljable  that,  especially  in  the  hot  stations  and  seasons,  entire 
abstinence  should  be  the  rule,  and  thut  infusions  of  tea  and  coffee  are  the 
best  Iveverages.* 

The  other  point  is,  that  in  the  tropics  tliero  is  perhaps  even  a  greater 
tendency  to  scurvy  than  at  home;  the  use  of  fruits,  then,  is  of  great 
importance,  and,  whenever  practicable,  the  growth  of  fruit  trees  should  be 
encouraged  in  the  neiglil>ourhood  of  stations.  In  most  stations  lime  juice  is 
now  issued  mth  the  greatest  benefit  wheu  vegetables  are  scarce. 


Health  of  tuk  Troops. 

India  presents  in  many  respects  the  same  history  as  our  other  tropical 
]iosse8sions.  In  former  years  there  was  a  large  mortality  among  Euro]>eans, 
attributed  usually  to  the  climate,  instead  of  l>eing  put  down  to  its  proper 
causes,  viz.,  a  reckless  mode  of  living  amidst  the  most  insanitary  conditions. 
As  years  have  paased,  the  same  gradual  impi't^vement  has  occurred  in  India 
as  in  the  West  Indies.  Habits  have  improved,  and  the  conditions  of  life 
have  Iweu  slowly  altered  for  the  b<?tt*'r.  This  chungL^  has  been  going  on 
for  years,  and  there  has  been  an  af^tonishing  progress  since  the  Mutiny. 
Much,  no  doubt,  remains  to  be  tlone,  but  the  fall  in  mortiility  and  in  sick- 
ness has  been  so  marked  in  all  the  Presidencieji  as  to  lead  us  to  hope  that 

^  Ov.  cit.,  Atul  Ann^  Mrditnl  HrjtnrU,  vol.  Y.  p.  380. 

3  The  drinks  which  the  private  stihlier  oft<5Q  buy»  in  the  bfUOAr*  in  Indui  are  of  the  wonit 
deacription  ;  nrrack  tuijtca  with  caytfniie  ami  other  pannivint  stihstiknoea,  or  fcrtni^nted  toddy 
mtzedf  with  [»i;pt>ei^  mui  aarcotic't,  i>r  drugged  beer;  Are  cotnmou  drinks.  It  would  be  itnax  Ui 
\  a  fltop  to  tnis  by  lej^iilativti  eitftctment. 
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in  a  few  more  years  the  Inclian  service  will,  like  the  West  Indian,  be  jilmo  ,• 
as  healthy  as  the  home  service.  It  cannot  lie  rash  to  anticipate  smU  i 
result,  since  so  great  an  improvement  hsis  already  tiikeii  place,  for  the  mor- 
tality even  now  has  fallen  more  tlmn  two-tiiirds,  compared  with  that  of 
thirty  years  ago.     The  following  table  shows  this : — 

Earlier   Years, — Mortality  of  Europeans  per  1000  of  Sirfngth, 


Years  and  AntUoritJca.' 

Bt-ngnl 
rrt'sklcncy. 

1845-54  (Chflvert),          .         .         .  j 
1B38-56    (Qaeen's   troops    alone—  ( 

Ballour), 

1806-ri6  (Company 'a  troops  ttlone— 

Indian  Sanitary  Commissionera)^  ^ 

63-38 
79-20 

74-10 

60-20 
6^-00 

59-20 
62-00 

63*50 

In  1812-1(),  in  the  Bengal  Presidency,  the  deaths  averaged  96*5  per  1000 ; 
in  the  Bombjiy  Presidencyj  in  1819-20,  the  deaths  were  SO  per  1000. 

The  above  mean  mortality  includes  every  loss ;  in  some  years  it  was,  cif 
conrse,  grcator,  in  some  less  ;  but  on  the  whole,  large  every  ye^r,  with  a  few 
exceptions,  till  the  year  1856.  After  the  Mutiny,  abcjut  the  year  1860, 
the  sanitiiry  improvements  and  the  greater  care  of  the  ti*oo])8  which  had 
been  gradually  taking  place  received  an  immense  impulse.  The  re^uJu 
are  shown  below. 

Later  Years, — Mortality  of  Enropeam  per  1000  of  ^traigth. 


Yoin  and  AuUmrUlM. 

MjHimi 
Prafikhsiiey. 

BombAj       ! 
Pr««idet)C]r. 

Toliil 
Mortality. 

MortaU^. 

Total 
MwtaUty. 

1860-9  (10  yeaw— Balfour),  . 
1870-79  (10  years— ^.Jf.Xf.  RcporU),"^ 
1878-S7(10year8),='       . 
1888»,    ...... 

31*27 
20*17 
18i2 
1578 

22'53 
18-97 
13*53 
16*13 

22-58 
16-37 
17-25 
12-24 

'  Tlie  chier  iitatkticti  of  the  fcircea  in  India  are  cootained  in — 

L  Numerous  ^tiattered  i»A}Hani  in  tlie  various  Indian  medical  periodicala  for  the  last  aUtj 
jeam,  Tefeiriug  uhieHy  to  thts  health  of  one  Presidencj  or  of  regiments  or  forces  occqpyia^ 
tm&H  districts. 

2.'  Sunimarioa  of  tUo  whole»  by  Colonel  Sykeii  (for  twenty  years  ending  1847,  Statistu^ 
Journal^  vol.  x,}  ;  Sir  Ranald  Martin  {Injtttente  o/  Tivvieai  Climates^  *ind  edition)  ;  Mr  Ewart 
{Viial  i^ah^tic^  o/ Eu)<>fj>'iTn  and  JVeUive  Armtfjt,  lBb9} ;  Drs  Waring  aud  Norman  Chcven 
(iHtlian  Atnmhy  i8i>8-1862) :  and,  ajj  f ar  as  ollicers  and  civilians  are  concerned,  by  Colooel 
HeudBrwii  {Asiatic  lit-smrchfJi^  vol.  xx,)  and  51  r  Hngh  Macpherson, 

3.  Oflicial  dacunients,  the  most  imnortAnt  of  wliich  are  contained  in  the  Imiian.  SanHarf 
Repart ,'  in  thu  yi*arly  Arrny  Mediccd  Department  Heporin  uinoe  1859  ;  in  the  \*arioM<i  ffrpf^fta 
of  the  iixHitarff  dmtmt.'ision^rs  in  the  tliree  Presidencie,H,  in  the  invaluable  Retun  i* 

Dr  Bryden,  and  in  the  niiuiiei|)al  and  other  offiehil  reports  sent  in  from  towu.s 

At  jpresent  the  most  valuable  infonufttiom  i^  l»ebg  eolleuted  and  published  in  1 v 

heafth,  not  only  of  the  Eurof>ean  and  native  anniiSj  but  ot  tlie  civil  iJOpulatiou  ;  and  r./  ^ 
of  popiiJation  and  of  birthn  and  deaths  are  now  systematically  made.  For  the  first  tiiuc  :;ic 
Lnilian  IroviTUfiiunt  is  gradually  obtaining  a  viuw  of  the  state  of  health  of  the  uatDer<»ii8 
nations  it  i^ontrols. 

The  Hejifirti*  from  Beurpil  {Annual  HeportJt  fifths  Sftnitfin/  Cdfimisnonerioiih  the  O^wen- 
ment  */  India)  and  thone  from  Madras  and  Bombay  are  mo^lel^  of  their  kind,  and  must  haw 
a  gr^at  ef!V-et  on  the  health  of  the  inhabitants  of  all  India.  The  information  given  in  the«fl  fff> 
ceUeut  EefH>rtfl  ie;  no  copious,  that  it  in  ini[>o!^sible  t-o  give  any  adequate  aoooiuit  of  it  in  this 
fihort  chapter.    Only  the  niost  striking  points  are  noticed. 

9  Indmiug  deatba  of  InviAida. 
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Causes  of  Sickness  and  Death. 

The  causes  of  diseases  and  deaths  of  Europeans  are  given  in  the  follow- 
ing table  ^ : — 

Admissions  and  Deaths  per  1000  of  Strength.^ 


Causes. 

Bengal. 

Madras. 

Bombay.              1 

1886-87. 

1888. 

1886-87. 

1888. 

1886-87. 

1888. 

Adm. 

Died. 

Adm. 

Died- 

Adm. 

Died 

Adm. 

Died- 

Adm. 

Died 

Adm. 

Died. 

SmaU-pox, 

0^ 

0-04 

1-9 

019 

01 

0-6 

007 

0-1 

17 

0-08 

Other  eruptive  fevers, 

5-6 

..< 

0-7 

, 

2-7 

... 

07 

0-4 

0-04 

1-2 

Enteric  fever, 

16-9 

482 

16-3 

4-20 

12-8 

3-44 

7-4 

2-27 

117 

8-77 

11-5 

4-02 

Other  continued  fevers. 

88-8 

0-10 

88  0 

005 

857 

009 

59-3 

0-07 

981 

0-22 

91-0 

Cholera, 

21 

1-45 

35 

209 

0-4 

0-35 

3-9 

2-84 

1-9 

1-44 

0-8 

0-59 

Dysentery, 

25-4 

0-72 

25-2 

0-50 

65-4 

1-79 

561 

1-07 

22-2 

0-81 

21-2 

0-75  1 

Malarial  fevers. 

368-7 

0-78 

345-5 

0-86 

139-7 

0-57 

246-1 

218 

320-3 

0-40 

383-4 

0-42; 

S]rphllls,  primary,     . 

96-8 

70-9 

87-1 

... 

81-8 

95-2 

651 

„        secondary,  . 

301 

o-io 

30-8 

0-07 

33-2 

0-04 

36-3 

014 

33-4 

... 

84-4 

Gonorrhoea,     . 

lM-7 

... 

182-4 

... 

146-6 

... 

1631 

... 

145-5 

193-7 

Alcoholism,     . 

16-6 

0-11 

13-5 

0-05 

14-2 

... 

15-4 

... 

10-2 

0^7 

10-2 

0-42' 

Debility, 

21-0 

0-05 

22-3 

002 

28-2 

0-04 

87-6 

0-14 

84-9 

27-6 

1 

Rheumatism, 

32-9 

006 

80H) 

0-09 

28-8 

0-09 

26-0 

... 

28-8 

0-13 

20-9 

• 

Tubercular  diseases,  . 

3-8 

0-92 

8-8 

081 

41 

0-87 

2-9 

0-78 

4-8 

112 

31 

0*511 

Dis.  of  Nervous  system, 

12-1 

0-82 

11-1 

0-48 

12-8 

0-52 

12-2 

0-28 

14-6 

018 

15  5 

0-17  ! 

„     Circulatory   „ 

12-8 

0-42 

11-4 

0*26 

10*5 

0-48 

9-0 

0-36 

16-5  ;  0*36 

12-9 

0-75 

„      Respiratory  „ 

86-8 

0-93 

87-5 

1-14 

29-6 

0-78 

22-7 

071 

31^ 

0^ 

21-4 

0-88 

„      Digestive      „ 

158-9 

1-75 

136-2 

1-92 

172-3 

814 

152-8 

2-56 

147-3 

1-57 

1250 

176 

„     Urin.&Gen.  „ 

78-6 

014 

98-8 

0-19 

108-9 

0  17 

105-6 

... 

61-4 

0-22 

791 

0*25 

Injuries  &  poisons,     . 

121-7 

2-39 

1209 

2-71 

129-8 

244 

120-6 

2-41 

119-4 

2-20 

111-1 

2*01 

All  other  causes. 

178-4 

0-i9 

158-7 

0-60 

195-3 

0-36 

190*6 

0-30 

182-2 

0-55 

190-6 

0*18 

Total, 

1468-9 

15-39 

14034 

15-73 

1302i? 

15-17 

18497 

16-13 

1379-6 

18-91 

'  1871-4 

1 

12^4 

The  following  table  shows  the  distribution  of  mortality  according   to 
age:— 

Deaths  per  1000  of  Strength  at  the  Ages  named. 


All  India. 

Under  20 
years. 

20  and 
under  25. 

17-59 
14-79 
16-76 
14-75 

25  an            80  and 
under  30.     under  35. 

i 

35  and 
under  40. 

40  and 
upirards. 

1860-9  (10  years— Balfour), 
1870-9  (10  years),      . 
1878-87  (10  years),    . 
1888 

9-25 
6-65 
8-97 
6-70 

24-63 
16-95 
14-75 
15-66 

3417 
2214 
18-64 
16-48 

4413 
23-17 
19-98 
14-30 

60-88 
52-01 
32*46 
27  09 

If  these  numbers  are  compared  with  those  of  men  serving  at  home,  it  will 
be  seen  that  the  mortality  at  every  period  is  greater  in  India.  At  the  ages 
above  30  the  rate  in  India  is  distinctly  diminishing. 

These  facts  are  an  argument  against  the  view  that  age,  per  se^  increases 
the  total  mortality  faster  that  it  does  at  home ;  and  the  statistics  of  officers 
confirm  the  inference  drawn  from  the  argument.  The  mortality  of  the 
members  of  the  Military  and  Medical  Funds  in  Madras  and  Bengal  has 
been  carefully  determined  by  actuaries,  and  it  has  been  proved  that  the 
mortality  among  officers  does  not  increase  with  age  in  anything  like  the 


1  Army  Medical  RevorU,  vol.  xxx. 
3  The  new  nomenclatare  was  brought  into  use  in  1886. 
parable. 


Former  average  ai«  w.Q>t.  ^l^xsw- 
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proportion  it  does  among  non-commissioned  officers  and  privates.  The 
large  mortality  in  the  earlier  ages  is  owing  to  the  statistics  ninning  back  to 
long  periods,  when  the  deaths  were  more  numerous. 


Mortality  according  to  Service, 

The  question  can  he  further  considered  by  taking  into  account  the  effect 
of  service.  The  following  table  from  Dr  Bryden  shows  the  effect  of  service 
for  three  years  at  the  different  ages : — 

Death-rate  pet  1000  in  the  European  Army  of  Bengal^  excluding  Cholera. 


Whole  army  of  1865-70, 
First  year  of  service,    . 
Second  year  of  service, 
Third  year  of  service,  . 


Under  20  years 
of  ai(e. 


7-61 

12-93 

8*95 

2-87 


20-24. 


13-67 

24-87 

15-84 

9-92 


80  and  orer. 


17-41 
39  32 
23-08 
17-64 


29-94 
47*08 
85-61 
27-77 


This  table  brings  out  very  forcibly  the  great  mortality  of  the  first  year  of 
service  at  all  ages;  the  older  men  suffer  as  much  as  the  younger;  the 
mortality  falls  during  the  second  year  of  service,  and  in  the  third  is  below 
the  mean  mortality  of  the  army  at  large.  To  determine  how  far  this  is 
owing  to  climate,  we  must  analyse  the  causes  of  this  mortality.  The  careful 
statistics  of  Dr  Bryden  enable  us  to  answer  this  point  with  some  accuracy.^ 

Deaths  in  the  first  Two  Years  of  Indian  Service  and  the  Deaih-rcUes  at 
different  Ages  (1871-75).2 


CaiLses  of  Death. 


Cholera,         .... 

Remittent  and  continued  fevers, 

Enteric  fever, 

Apoplexy, 

Dysentery  and  diarrhoea. 

Hepatitis, 

Phthisis  pulmonalis. 

Heart  diseases. 

All  other  causes,    . 


All  causes,       .         .         .         . 
All  causes,  excluding  cholera, 


Died  per  1000  of  Strength  In  the  Biennial  Period. 


Under  25. 


5-34 
2-10 
977 
2-11 
1-80 
1-88 
2-10 
015 
6  00 


5-87 
3-84 
1016 
2-71 
3-39 
5-42 
1-58 
2-26 
7-00 


31-25 
25-91 


42-23 
36-36 


30-34. 


4-77 
1-27 
1-59 
4-77 
3-82 
4-45 
3-82 
3-82 
8-27 


36-58 
31-81 


.1o  and 
upward*. 


13-86 

3-73 

0-53 

12-26 

11-20 

12-26 

8-53 

9*06 

22-39 


93-82 
79-96 


1  See  Appendix  C,  in  Bengal  Sanitary  Report  for  1870,  p.  255  et  seq.^  and  for  1871,  p.  213  ; 
also  Vital  iUati^tics  of  Indiu^  vol.  v.  Dr  Bryden's  statistics,  as  given  in  the  Reports  of  the 
Sanitary  Commissioner  with  the  Government  of  India,  and  in  the  separate  Blue  Books  ( Vital 
Statistics  of  the  Bengal  Presidency^  1870  and  1878),  are  so  much  more  complete  than  any  other 
that  they  have  rendered  obsolete  all  the  older  records.  Dr  Cornish's  statistics,  as  contaiiie«l 
in  the  Madras  Sanitary  Reports^  are  also  most  valuable. 

a  Vital  Statisiics  of  India  ^Y^^s!x^,\%'V^,\^,-i.  ^.^. 
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Dlisd  per  1000  of  Strni^Ui  mX  different  Ag«i. 

CMiiw  of  I>Imim» 

Under  26^ 

Si^W. 

30-S4. 

All  cftuses.  excluding  chokta  and  1 

U'32 

9-94 

9-54 

1429 

Enteric  fever,         ...        * 

6-61 

2 -44 

o-6a 

0*59 

Other  fevers,          ,         ,         . 

0-85 

0-89 

0  36 

0  36 

Apoplexy  and  heat-gtroke^ 

0-68 

rox 

1-27 

2'18 

Dy8*?rit*'ry  and  diarrha3«, 

0*82 

079 

0-77 

076 

Hei>atitiEi, 

0-77 

1-58 

2-07 

24a 

Phtbiaia  pulmonalis, 

0-68 

0-86 

0-67 

1*32 

Heart  di»ea8««,       ... 

0-16 

0'23 

0*81 

170 

These  tables  are  iiistructive  on  sei^eral  points : — 

L  As  regards  Fevtr :  the  most  seriouH  mortjility  is  from  enteric  fever, 
which  attacks  the  yoimj^  soldier^  e-speciiilly  in  his  earliest  term  of  service. 
Wliile  it  ii5  between  5  lunl  6  jjer  1000  under  25  years,  it  is  loss  than  half 
this  from  25  to  29,  and  less  than  one-eighth  from  30  to  34.  The  mortality 
frt»m  t^sther  fevers  is  mncli  diminished  after  30. 

2.  Htat-AiHjpiext/. — Tliis  fornddahle  disease  attacks  especially  the  old 
soldier:  the  morUdity  alxjve  35  years  of  iige  is  three  times  that  below  25. 

3.  Hepaiitu  is  markedly  a  disease  of  deterioration ;  the  mortality  under 
25  years  being  about  OS,  fmm  25  to  29,  it  is  16,  and  oyer  35,  24  per  1000, 

4.  Phthisis  shows  most  mortality  among  the  older  eokliers.  The  mortality 
over  35  is  about  double  that  under  25  yeara 

5.  Ihart  disease,s  show,  as  might  l)e  expected,  an  inerea.sing  mortality 
with  age  and  length  of  residence  in  India.  Tlie  iiiortidity  over  35  years  of 
age  is  ten  times  tliat  under  25. 

The  most  dangerous  disiiase,  therefore,  which  young  newly  arrived  soldiers 
have  to  face  in  India  is  {i)utting  aside  dmltra  for  the  pre^jent)  enteric  fevei*; 
next  to  that,  but  at  a  very  considemlde  distiuice,  dyaent^ry  and  dinrrhcta. 
These  diseases,  but  most  especially  enteric  fever,  are  so  completely  under 
the  exjntrol  of  sanitary  me^isures  that  their  continuance  is  a  slur  upon  the 
application  of  our  sanitary  knowledge.  There  is  no  reiison  to  believe  that 
proper  preventive  means  shoiUd  be  less  successful  in  India  than  at  home. 
For  old  soldiers,  that  is^  men  over  30  years  of  age,  newly  arrived  in  Inilia, 
the  diacase-s  Ui  be  feared  are  ftepatitis,  keat-aj^opUxy^  dyBeidery^  mxA  heart 
dimase-f  all  diseases  of  deterioration,  and  favoured  and  aggravated  by  intem- 
peratii  habits.  With  careful  medic^il  selection  of  men  much  might  be 
prevented,  and  hygienic  precautions^  sucli  as  free  ventilation  against  heat- 
apoplexy,  nxight  do  a  great  deal  towards  a  diminution  of  the  mortality. 
But  drinking  Imbits  are  the  most  dangerous  enemy  the  soldier,  particularly 
as  he  advances  in  years,  has  to  contend  with.  The  abolition  of  the  salt*  of 
spirits  to  European  soldiers,  from  natives  as  well  as  in  canteens,  woidd  l>e  a 
great  advantage. 

Troops  should  be  stationed  in  the  Mils  as  much  as  possible,  so  as  to 
remove  them  from  tlie  influences  of  excessive  heat,  malaria,  and  choleraic 
poi»on»  and  also  it  might  be  hoped  to  some  extent  from  enteric  fever. 
Although  much  has  l>een  d«>nOj  more  efforts  ought  to  l>e  mtule  to  provide  em- 
pluyTuent  and  recreation  for  the  troops,  who  siiilVr  greatly  from  enforced  idle* 
ness,  ennui,  and  the  tedium  of  their  barrack-rooiuft,  Ui^WVNKv^^^ft^&s^'v^ 
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much  confined  for  fear  of  exposure  Ut  the  suii.  Undue  exposure  is  an 
vieable,  but  it  may  l>e  safely  said  that  in  many  instances  its  conaequeneei  are 
emuller  evils  thun  those  undoubtedly  arising  from  the  mistaken  steps  tsksn 
for  their  [jrevention. 

The  nieo  ooght  also  to  be  spared  as  much  as  possible  from  uimeoeaw;^ 
night  dut3\ 

As  regards  age  of  arrival  in  India,  men  should  not  be  sent  out  under 
20  years  of  age.  For  the  tirst  year^i,  if  protected  from  enteric  fever,  cholen, 
and  dysentery  (wliich  is  <juite  ])ossiljle)|  their  health  wiE  be  as  good^  if  not 
better,  than  at  home.  It  seems  pretty  clear,  on  the  other  hand,  that  men 
ought  not  to  remain  beyond  30  yeai's  of  age,  if  possible,  unless  thej  are  non- 
commissioned offieei-s :  the  best  period  would  ajijiojir  to  be  between  21  and 
28  years.  After  30  years  of  age  the  private  soldier  is  an  old  man  in  India 
(Brydcn,  Rol>erts}j  and  this  i;^  partly  due  to  the  work  be  has  had  to  da  (par- 
ticularly night  guards — Rolierts),  but  also  very  largely  to  habita  of  drinking 
This,  however,  is  not  the  case  so  much  now*  as  formerly, 

Cftjolera  in  hidia} 

Bm-ing  fifty  years  (fiom  1818  to  18G7)  the  mean  annual  mortality 
cholera  per  1000  of  European  strength  in  Bengtil  was  no  less  than  9*4 
was  the  great  cause  of  ^':l^iatioli  in  tlie  i>erteiitage  of  mortality  from  year 
to  year.  The  cholera  mortality  was  not  o^ving,  as  might  have  been  iruip- 
poeed,  to  service  in  the  st^itions  in  Bengal  jiropcr  (the  so-called  endemic 
home  of  the  cholera),  for  the  me^in  mortality  in  Bengal  proper  was  l>olow 
that  ni  the  PaDJah,  wdiere.  cholera  is  occasional,  i.e.^  prevails  only  at  certain 
seasons  and  in  certain  years.  If  we  compare  Bengal  proper  with  two  other 
districts,  Agra  {with  Central  India)  and  the  Pan  jab,  two  facts  come  out 
very  clearly — (1)  that  in  Bengal  proper  the  niorUdity  is  more  steady*  but  on 
an  average  of  years  is  lower  than  in  the  other  two  districts,  where  the  mean 
mortality  is  heightened  by  occasional  tremendous  outbreaks  unknown  in 
cholem^s  endemic  Iiome ;  (2)  that  in  Bengal  proper  the  Sepoy  mortality  is 
higher  than  in  Kuropeaos,  while  in  tlie  other  stations  it  is  much  lower/-' 

The  following  tables  arc  most  instructive,  and  prove  beyond  doubt  that 
while  cholera  has  never  (until  lati?ly)  been  absent  from  Europeans  in  Bengal 
proper  (the  endemic  home),  it  has  never  attained  the  destructive  prevalence- 
wliich  occurs  in  Central  India  and  the  Pan  jab,  where  it  is  sometimes  entmlf 
absent  for  years,  and  yet  the  severity  of  the  outbreak,  when  it  does  occnTt 
makes  the  mean  Panjab  and  Central  India  cholem  mortality  of  sixteen  ycsTR 
far  greater  than  the  cholera  mortality  of  Bengal  proper* 

Among  Sepoys  the  mortMility  in  Bengal  proper  is  actually  greater  than  la 
EuropeanSj  while  it  is  far  less  in   the  Upper  Provinces,  and  in  some  oul 
breaks  (as  in  Central  India  in  1861)  the  P^iiropeans  have  suffered  frightfully^ 
while  the  Sepoys  have  been  scarcely  touched. 

What,  then,  is  the  cause  tliat,  while  in  Bengal  proper,  w^herc  the  com 
tions  of  cholera  always  exist,  the  mortality  should  be  comparatively  lo 


1  The  statistics  referred  to  in  tliis  section  arc  thwe  Rlvt-n  by  Br>'deii  in  kin  valnnhle  fUp 
{Tittd  ^atijflic*  of  (he  Benqttl  Premlnicy^  1870  mul  L^78|»  and  in  the  AnnuAl  He{V)rts 
Sunitarv  Commissi  oner  witn  tlie  Govtmnient  of  India. 

s  It  Das  li«eQ  wrongly  stated  that  tlie  excessive  mortality  frotn  cholera  of  Etiropcatis  j_ 
the  Bcngftl  Presidency  is  nn  effect  of  race ;  tht^  t^Uthiiicn  of  Bengnl  proper  (i«  shown  in  Itltl 
nflxt  tflble)  and  of  the  JIadraa  Presidency  entirely  ilisprove  thk,     In  the  Madras  Presilclenmrf 
in  l860-66>  the  annual  European  cholera  mortality  wa»  31  jier  1000  of  strengtii,  and  tw 
oy  mortality  was  '<i"07,  ot  vAiX-uoii^  tYuft«axxu^ 
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there  should  be  such  terrible  outbreaks  in  up-country  stations  where  cholera 
is  only  a  visitor,  and  why  should  these  outbreaks  aflfect  the  Europeans  so 
particularly  ?  To  answer  this  question  we  may  select  a  few  of  the  worst 
stations  in  Upper  India,  and  see  what  the  mortality  was  in  the  epidemics 
of  1861-2-7-9-72-5-6-9. 


Table  to  show  the  Mwt4dity  from  Cholera  per  1000  of  Strength  in  Europeans 

and  Sepoys. 


Tears. 

Benf^l  Proper. 

Agra  and  Central  IndU. 

PanJ&b. 

Europeans. 

Sepoys. 

Europeans. 

Sepoys. 

Europeans. 

Sepoys. 

1861,        . 

6-61 

6-38 

41-21 

0-25 

36-10 

6-88 

1862, 

6-11 

5-44 

26-90 

1-30 

12-74 

3-99 

1863, 

8-17 

4-25 

3-82 

0-40 

0-13 

0-90 

1864, 

2-50 

6-40 

0-62 

0-00 

0-06 

0-09 

1865, 

6*40 

9-20 

7-20 

3-10 

014 

0-00 

1866, 

1-90 

7-03 

0-23 

0-00 

0-00 

0  00 

1867, 

2-50 

8-60 

3-80 

0-90 

20-70 

3-90 

1868, 

6-34 

2-61 

8-36 

016 

0  00 

0-00 

1869, 

0-63 

4-48 

3018 

7-25 

16-86 

7-33 

1870, 

1-00 

3  03 

0-47 

0-00 

0-00 

0-00 

1871, 

0-61 

1-25 

0-24 

0-00 

0-00 

0  00 

1872, 

1-01 

2-70 

4-75 

0-00 

13-86 

2-80 

1873, 

0-63 

2-76 

0-97 

1-05 

0-00 

0  00 

1874, 

0-60 

4-74 

0  00 

0-26 

0-09 

0-07 

1875, 

000 

2-76 

6-57 

1-57 

2-27 

1-50 

1876, 

2-49 

2-01 

0-25 

0-00 

4-48 

1-80 

Means  (16  years),     . 

2-12 

4-27 

7-46 

1-01 

6-63 

1-83 

Years. 

Bengal  Proper. 

Agra  and  Central  India. 

Panjab. 

Europeans. 

Sepoys. 

Europeans. 

Sepoys. 

Europeans. 

Sepoys. 

1860-69  (10  years). 

6-26 

16-94 

8-89 

1870-79  (10  years), 

0-85 

... 

3-22 

3-96 

1881,       . 

2-09 

1-23 

0-23 

6-6o 

7-00 

0-68 

1882, 

0-63 

8-09 

0-26 

0  00 

0  00 

0-00 

1883, 

0-64 

1-80 

1-25 

000 

0-00 

0-07 

1884, 

1-06 

1-76 

1-76 

106 

0  00 

0-00 

1885, 

2-85 

0-35 

1-90 

0-22 

0-77 

0  06 

1886, 

0*94 

10-62 

1-18 

0-00 

0-00 

0-05 

1887, 

0-00 

1-77 

6-46 

1-67 

2-01 

0-15 

1888, 

2-29 

0-80 

0-00 

0  00 

3-35 

0-52 

Mortality  per  1000  of  European  Strength  in  different  Epidemics, 


1861. 

18e2. 

1867. 

1869. 

1872. 

34-32 

16-70 

70-30 

7-04 

32-62 

246-63 

49-93 

60-49 

0-00 

86-87 

0-00 

49-24 

92-93 

120-14 

21-53 

66-56 

42-60 

0  00 

0  00 

15-57 

187-43 

37-26 

11-52 

82-89 

17-06 

1876. 


Meerut, 
Mean  Meer, 
Peshawar, . 
Agra, 
Morar, 


7-36 
1-90 
0-00 
0  00 
17-05 


0-00  ; 
0-00  I 
23  06 
0-00  : 
000 


0-00 

31-00 

104-70 

0  00 
11-00 


This  table  shows  that  the  outbreaks  are  very  variable  in  intensity ;  a  sta- 
tion may  be  quite  free  from  cholera  in  one  epidemic  and  aviififet  iTv^gja^&cJJc^  \»^ 
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another.     In  Agra,  in  1861-62,  there  wore  seven  outlifeaks;  in   1867  ifflt 
1869  there  was  no  ease,  though  tho  tliaease  was  all  round* 

If  we  analyse  tho  stjitiou  sfcatiatics  themselves,  the  remarkable  fact  comi^ 
out  that  some  of  the  severest  outbreaks  involved  only  a  portion  of  tlj| 
Europeans, 

At  Meerut,  in  18G7,  while  the  3rd  Butl's  were  literally  more  than  decimated, 
the  Hussars  and  ScpojiS  were  as  healthy  as  if  they  had  been  in  England. 

These  facts  show  tluit  the  hypothesis  of  an  epidemic  influence  produc 
by  something  floating  in  the  air  is  incredible,  and  for  such  a  partial  cUstril] 
tion  as  is  shown  al>ove  would  be  impossible.     If  these  figures  prove  any  this 
it  is  that  the  cause  of  the  tremendous  loss  in  these  stations  is  not  a  gener 
diil'used  ciiuae,  but  a  well-marked  local  development,  ha\Tng  narrow  limilj 
and  sometimes  involving  only  a  single  barrack. 

The  figures  also  sliow  that  the  supposition  that  the  diiTerence  In  mc 
between  the  Europeans  and  Sepoys  is  owing  to  difrerence  of  social  habil 
(especially  as  regar<ls  latrine  arrangements)  is  imlikcly,  for  different 
of  Europeans  in  the  same  station   suifer    as    diversely  as    Europeims 
Sepoys, 

Tlic  localisijig  eonditions,  which  give  the  intense  spread  to  what  is^  no 
doubt,  an  imf>orted  agents  must  he  referable  to  either  soil,  water,  air,  or  fomL 
Faulty  latrine  arrangements,  if  they  exist,  must  act  through  one  or  other  of 
these  metliti,  poisoning  the  gromid,  or  air,  or  water.  The  inquiry  into  the 
local  sf*read  of  cholera,  if  concentrated  on  the  locality,  and  carried  to  the  ex- 
haustion of  G\evj  pissible  factor,  must  surely  solve  this  problem.  It  is  ag  in 
enteric  fe\'er  at  home,  wdiere  everything  often  seems  a  mystery  imtil  a 
minute  search  is  made,  and  then  what  seemed  inexph'cjible  is  found  to  \m 
8Lmi>le.  ~ 

But,  wi  til  out  waiting  for  the  solution  of  the  cause  of  these  localisations  i 
cholera,  the  fact  of  the  localisation  points  out  preventive  measures  which, 
a  matter  of  reasonable  precaution,  ought  to  be  taken  in  every  barrack 
Upper  India  wliere  great  outhretdis  have  occiuTed.    Those  measnrea  should  1 
adopted  on  the  groimd  of  removiJig  everj'  possible  local  cause,  even  thoc 
the  particular  precaution  may  not  have  been  proved  to  be  necesauy. 

1.  The  influence  of  the  ground  should  be  excluded  by  the  most  thorotigP 
paving  and  cementing  everywhere,  and  by  careful  examination  and  cleansing 
tmder  every  floor.     When  pc^ssible  ground  floi>rs  sliould  not  b<.>  occupied  m 
sleeping  rooms, 

2.  A  fresh  water  supply  should  he  ohtiiined  at  any  cost,  Ix^  from  an  un- 
doubted sourccj  and  hi*  kept  solely  for  the  use  of  tho  harntck.  During  an 
epidemic  all  wat^-r  should  he  boiled  before  use, 

3.  The  cooking  arrangements  should  be  strictly  supenised,  and  the  supply 
of  every  article  of  food  carefully  considered. 

4.  The  latrhie  ainingements  shoiUd  be  looked  to,  the  places  changed,  and 
the  system  at  every  iioint  scrutinised  to  see  if  soil,  air,  or  water  can  in  any 
way  be  contaminated  by  percolation  or  emanatiom 

If,  after  adopting  these  measures,  and  carrying  them  out  fairly  in  th^S 
integrity,  an  outbreak  still  occurs,  this  cannot  throw  doubt  on  the  correct 
iiess  of  the  view  which  attaches  so  much  weight  to  localisation ;  it  wiD  onlj 
show  that  we  have  not  solved  the  problem  of  the  localLsing  agency,  and 
no  other  local  simitary  measures  can  be  adopted  the  barrack  should  altoj 
gether  be  abandoned.     But  this  will  hardly  l>e  found  to  be  necessary. 

With  regard  to  Mean  ^teer,  which  has  suHered  so  severely  and  so  ofl 
from  cholera,  it  is  a  very  important  fact  that  enteric  fever  has  from  time 
time  prevailed  at  that  ttta\»\oTv^  aa  m  \\*s^-^^'-'iQ,    lu  the  two  latter  jeaoi 
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careful  examination  of  the  water  supply  was  made  by  Surgeon-Major  8keen, 
of  the  85th  Regiment,  wlio  formally  gave  evideoct^  on  the  point  that  in  both 
these  years  the  water  was  tht*  medium  of  mtroduction.  The  fact  of  enteric 
fever  being  thus  introJuced  by  well  water  (temporarily  used  in  the  aljscnce 
of  canal  water),  the  chemical  analysis  showing  fsBcal  impregnation  of  tliiB 
well  water,  and  the  existence  of  sources  of  fsecal  contamination  of  water^  all 
seem  strongly  to  indicate  that  cholera  evacuations  woidd  also,  in  all  proba- 
bility^  pass  into  tlie  water,  and  might  account  for  the  fearftd  outbreak.s  at 
Mean  Meer.  At  any  rate,  there  can  be  no  doubt  that  means  should  be  taken 
to  entirely  close  any  suspicious  \ve]h.  The  present  water  supply  is  brought 
in  closed  pijies  from  the  river  Ravi,  and  is  of  good  quality.  Such  nieasures 
are  imperatively  demanded  as  a  matter  of  precautictUj  and  no  theoretical  argu- 
ments that  the  water  is  not  to  blame  ought  to  be  allowed  to  override  them. 
The  diminution  of  cholera  at  Calcutta  among  Europeans  since  the  introduc- 
tion of  a  pure  water  supply  and  improved  drainage  is  very  encouraging  for 
the  strenuous  application  of  local  measures. 

EfvUric  Fever  in  ImlicL 

Uf  late  years  there  has  been  a  considerable  increase  in  the  numl>er  of 
deaths  returned  from  enteric  fever,  and  this  disease  is  now  the  chief  cause 
of  mortalily  throughout  India,  taken  as  a  whole.  During  the  ten  3'ears, 
1870-79,  the  mortahty  from  enteric  fever  in  the  army  of  India  averaged 
2-03  per  1000 ;  during  the  six  yi^rs,  1880^85,  it  was  2-89 ;  in  1887  it  rose 
tci  376,  and  in  1888  it  was  3*75,  This  increase  lias  been  most  mjirkei!  in 
the  Bengal  and  Bonjbay  Presidencies  :  in  Bengal  the  mortahty  was  2*28  [>er 
1000  in  1870-79,  115  in  1888;  in  Bombay  these  figures  were  1 '75  and 
4*04  respectively.  The  Madras  Presidency  gave  1*42  in  tbt!  former  j^eriod, 
and  in  1888,  2 '26. 

An  imiKJrtant  fact  to  be  noted  iji  that,  concurrently  with  this  increas*^  in 
enteric  fever  mortality,  there  has  occurred  a  decrease  in  the  mortality  from 
intenuitt^iut^  remittent,  and  simple  continued  fevers.  Thus,  in  1870-79  in 
India^  as  a  whole^  the  ratio  from  these  fevers  was  1*42  per  1000  ;  in  1880-85 
it  was  1'02  ;  while  in  1887  it  fell  to  0*74,  and  in  1888,  0'73.  This  decrease 
was  likewise  most  marked  in  Beugal  and  Bombiy  ;  iji  Bengal  the  mortality 
fell  from  174  in  1870-71)  to  0-34  in  1888,  and  in  Bombay  from  1*14  to 
0*34  per  1000.  In  l^Iadras,  on  the  other  band,  the  ratio  of  062  in  1870-79, 
though  it  fell  to  0*22  in  1880-85  and  to  0*51  in  1887,  rose  to  2"19  in  1888. 
These  figures  are  shown  in  the  following  inhlQ  :* — 


iiminsl97i^79. 

j3ttrtofiiafi&<«&. 

0azlns  IW?. 

DtirlAg  1188. 

5£ 

II 

n 

liil 

II 

,11 

®;S 

II 

tt 

■^;2 

I! 

2^ 

1-42 
I7f» 

I  "42 
174 
0-62 

3.45  i  2-89  1  1*02 
4D2'!3-18'lOS 
204     l*7il    0-2-2 
2  89     2-77    i'Ui^ 

il          1 

3*91  ,  376    074 

•2  01     ^21*8    0  51 
i'61     3-40    0-90 

4-50 
4S5 
a '49 
4  30 

375 
4  15 
2-2« 
4*04 

073 
0-84 
21l» 
0-34 

4-48 
4*49 
445 
438 

The  most  obvious  explanation  of  this  increase  in  enteric,  and  concurrent 
decrease  in  other  fevers,  is  that  it  is  owing  to  dUfcreuce  in  nomenclature, 


i  *'  Oth«r  fevfft  '*  includts  intertnittcDtt  ramitteikt,  ftad  limf^U  QOQibi3a.M»l^j««^sc«u 
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that  is,  that  deaths  fonnerlj  retained  as  from  remittent  are  now  xetnmed  m 
from  enteric  fever. 

To  a  certain  extent  this  is  no  doabt  the  case.  Sow  that  the  oeranenee 
of  enteric  fever  in  India  is  miiversaUj  admitted,  and  the  diagnosis  of  caaes 
of  "  fever  "  more  carefoll j  and  correctly  performed,  it  is  extremely  f»obahle 
that  there  shoold  be  an  exchange  of  cases  from  a  "remittent"  to  an 
^  enteric  "  column.  Bat  there  are  certain  facts  which  indicate  that  this  is 
not  the  only  caose  for  the  apparent  increase  in  enteric  fever.  The  chief  cf 
these  is  the  laige  proportion  of  young  soldiers  now  serving  in  the  coontij 
compared  with  the  number  so  serving  in  former  years. 

The  increased  predispositicm  at  an  early  age  is  universally  admitted  as  a 
character  of  the  disease.  During  the  five  years,  1884-88,  the  average  mor- 
tality per  1000  under  25  years  of  age  was  5-61,  while  from  25  to  29  it  was 
but  2*44.  The  larger  the  number  of  troops  under  25  years  the  larger  there- 
fore would  be  the  total  mortality.  The  proportion  of  men  under  25  years 
was  74  per  cent  of  total  strength  in  the  five  years,  1884-88 ;  in  the  toi 
years,  1871-80,  it  was  only  62  per  cent.  This  alteration  of  age-constitataon 
would  account  for  some  of  the  increased  mortality. 

The  opinion  has  been  widely  expressed  that  shortness  of  Indian  service  is 
an  even  more  important  factor  in  predisposing  to  the  disease  than  mere  age. 
Whether  this  be  an  independent  factor  in  producing  a  predisposition  is 
doubtful ;  but  there  is  no  doubt  that,  with  the  present  system  of  short 
service,  there  is  a  much  larger  proportion  of  men  serving  in  India  under  (say) 
five  years  than  formerly;  in  1871  the  proportion  was  64 '6  of  the  totel 
number ;  in  1888  it  was  75*8.  The  incres^ed  prevalence  of  enteric  fever  has 
therefore  been  accompanied  by,  and  possibly  dependent  on,  an  increase  in 
the  number  of  yaun^  and  recently  arrived  soldiers. 

A  committee  ^  was  appointed  by  the  Government  of  India  in  1889  to 
inquire  into  the  alleged  increase  of  enteric  fever  in  India.  The  general  con- 
clusion come  to  by  the  committee  was  that  there  was  no  real  increase  in  the 
prevalence  of  the  disease,  and  that  the  api)arent  increase  was  probablv 
chiefly  due  to  alteration  of  nomenclature. 

The  question  cannot  as  yet  be  considered  settled ;  and  it  may  be  that  the 
explanation  will  eventually  be  afibrded  by  a  further  diagnosis  betrveen  two 
or  more  varieties  of  fever,  at  present  classed  under  the  name  "  enteric."  The 
above-named  committee  state  that  "  there  is  a  growing  mass  of  evidence  on 
record  showing  that  cases  of  fever  occur  in  India  which  present  manv 
phenomena  closely  resembling  that  of  specific  enteric  fever,  but  characterised 
b}'  ulcerative  lesions  differing  from  those  of  that  disease,  and  therefore  pre- 
sumably due  to  a  distinct  agency.  .  .  .  Moreover,  there  are  certain  grounds 
for  going  even  further,  and  maintaining  that  it  is  quite  possible  that  cases  of 
fever  may  exist,  showing  intestinal  lesions  identical  in  general  asp>ect  with 
those  of  true  enteric  fever,  and  yet  not  due  to  the  same  specific  cause  as  that 
connected  ^^ith  their  presence  in  the  latter  disease."  We  are  not,  however, 
informed  what  this  disease,  which  is  a  fever,  clinically  and  anatoniicallv 
resembling  enteric,  but  differing  in  its  aetiology,  really  is. 

Amongst  much  that  is  doubtful  and  difficult  of  explanation,  it  may  be 
considered  as  proven  that  enteric  fever,  as  known  in  Europe,  prevails  in 
India  ;  that  it  owes  its  prevalence  to  the  same  causes  in  the  latter  as  in  the 
former  regions,  aided,  there  can  be  little  doubt,  by  the  high  temperature  and 
humidity  of  the  climate ;  and  that  some  at  any  rate  of  these  causes  are 

J  The  committee  consisted  of  Sir  B.  Simpson,  Surgeon -General  W.  A.  Thomson,   Deputy 
Sorgeon-Greneral  J.  Kic\iaT0LSOii,  Miv\"?vA«aaot  \>.  J .  CxxTi«m^gfta.\o.,  Y  .B..S. 
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widely,  indeed  universally,  diflfiised  throughout  India— viz.,  polluted  soil  and 
polluted  water — and  that  therefore  a  wide-spread  prevalence,  though  to  be 
lamented,  is  not  to  be  wondered  at.  A  pure  water  supply  has  been  in  very 
many  places  provided  for  the  troops,  but  so  long  as  they  purchase  milk, 
soda  water,  &c.,  in  the  native  bazaars,  the  propagation  of  the  disease  by  such 
means  is  not  only  possible  but  extremely  probable.  The  cleansing  of  the 
soil  that  has  been  fsBcally  polluted  for  ages  seems  an  impossibility.  The 
existing  method  of  disposal  of  excreta,  the  dry-earth  system  under  one 
modification  or  another,  though  excellent  in  theory,  is  in  practice  by  no 
means  free  from  objection,  and  this  not  from  defects  in  its  principle,  but 
from  faulty  carrying  out  of  the  details.  In  some  of  the  hill  stations  enteric 
fever  is  very  prevalent,  and  taking  all  the  hill  stations  of  the  Bengal  Presi- 
dency together  as  one  group,  the  admission  rate  per  1000  was  23*3  in  1888^ 
showing  a  higher  degree  of  prevalence  than  in  any  other  group  of  stations 
in  India.  This  is  due  to  contamination  of  the  drinking  water  supply  in 
nearly  every  instance. 

FJUhisis  in  India, 

The  amount  of  phthisis  in  India  is  a  highly  interesting  question,  and  in 
the  following  table  the  admissions,  deaths,  and  invaliding  from  this  cause  are 
given  for  successive  periods : — 


Tubercular  Phthisis  per  1000  of  Strengt/i. 


Invalided. 


;  Total  Deaths 
andlnyalided. 


Bengal. 

Mean  of  18  years— (186S-80), 
Mean  of  5  years— (1879-84), 
1886,         .... 

1886-87 

1888,         .... 


Bombay. 

Mean  of  18  year^(  1863-80), 
Mean  of  5  years- (1879-84), 
1886,         .... 
1886-87,  .... 
1888,         .... 


Madras. 

Mean  of  18  years— (1863-80), 
Mean  of  6  years- (1879-84), 
1885,         .... 

I  1886-87,  .... 
1888,         .... 


8-7 
7-0 
6  0 
3-8 
3-3 


8-2 
7-4 
8-0 
4-3 
3-1 


10-8 
6-3 
7-6 
4  1 
2-9 


1-68 

2-97 

1-39 

171 

1-14 

1-88 

0  92 

1-09 

0-81 

1-09 

1-40 
1-18 
1-29 
112 
0-51 


1*44 
0-90 
1-16 
0-87 
0-78 


3-74 
1-90 
1-63 
1-26 
0-92 


3-73 
1-78 
1-92 
1-49 
0-57 


4-65 
310 
3-02 
2  01 
1-90 


5-14 
3*08 
2-92 
2-38 
1-43 


517 
2-68 
3  07 
2-36 
1-35 


How  regularly  the  causes  of  phthisis  must  have  been  acting  is  seen  in  the 
fact  that  in  four  years,  1863-66,  74  men  died  from  phthisis  in  the  Bombay 
Presidency,  and  73  in  the  Madras  Presidency,  the  mean  number  of  troops 
being  in  each  case  almost  precisely  the  same  (12,119  and  12,512).  In  the 
next  four  years,  with  a  smaller  number  of  troops,  53  and  56  diod  in  the  two 
Presidencies.  The  means  of  deaths  (for  18  years)  and  invaliding  (12  years) 
were  practically  identical  for  Madras  and  Bombay  as  shown  above.     In  th^ 
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Bengal  Presidency  ihe  deaths  were  higher,  but  ihe  invaliding  was  leas^  so 
ihat  ihe  sUjo^t  difference  was  compensated.  More  men  died,  and  fewer  wece 
sent  away. 

The  table  seems  to  show  clearly  that  the  immense  range  and  variatioiii  of 
climates  in  which  the  troops  serve  in  India  produce  no  effect  whatever  on 
the  production  of  phthisis ;  and  this  inference  is  again  strengthened  by  the 
fact  that  the  mortality  in  Bengal  from  phthisis  was  precisely  the  same  as  in 
Canada.  The  means  for  12  years  (1869-1880)  were— Bengal,  1*37;  all 
India,  1*30;  Canada,  1*37. 

If  the  Indian  mortolity  and  invaliding  are  compared  with  the  table  already 
given  of  phthisis  in  the  home  army,  it  will  be  seen  that  there  is  decidedly 
less  phthisis  in  India.  The  mortality  is  less,  and  the  invaliding  is  far  below. 
There  can  be  no  doubt,  then,  that  the  causes  of  phthisis  are  leas  active  in 
India  than  at  home ;  and  if  these  causes  are  not  climatic,  must  the  difference 
not  be  found  in  the  larger  breathing  space  and  greater  lateral  separation  men 
have  in  India? 

With  respect  to  the  cure  and  prevention  of  phthisis,  it  seems  a  great  pity 
to  send  phthisical  invalids  to  England,  where  tiiey  die  at  Netley,  or  are  cast 
out  to  die  miserably  among  the  civil  population,  when  in  the  Himalajras  there 
are  elevated  localities  whidi  must  be  particularly  adapted  for  the  successful 
treatment  of  consimiption.  When  means  of  communication  are  improved,  it 
is  possible  that  we  may  see  phthisical  invalids  going  from  Europe  to  the  high 
peaks  of  the  inner  ranges  of  the  Himalayas  (which  are  not  subject  to  the 
great  rainfall  and  humidity  of  the  ordinary  hill  stations),  and  why  should 
not  the  European  soldier,  who  is  actually  in  India,  benefit  by  the  mountain 
ranges  1  A  phthisical  sanitarium,  at  an  altitude  of  10,000  feet,  would  be 
likely  to  cure  the  disease  in  many  cases,  if  it  were  diagnosed  early,  and  then 
if  the  men  were  afterwards  kept  on  the  lower  hill  stations,  they  would  pro- 
bably become  perfectly  strong.  To  send  these  men  home  to  England  is 
condemning  them  to  almost  certain  death.  Formerly  the  distance  in  India 
would  have  been  fatal  to  such  a  plan,  but  now,  by  proper  arrangements,  even 
weakly  men  could  be  brought  from  all  parts  of  India.  Dr  Hermann  Weber, 
who  has  paid  great  attention  to  the  effect  of  altitude  on  phthisis,  holds  very 
decided  views  as  to  the  beneficial  effect  of  such  an  arrangement,  and  has 
already  urged  this  point  on  the  attention  of  the  authorities. 

The  other  diseases  of  the  lungs  are  not  unkno>vn  in  India,  Pneumonia 
gives  a  mortality  in  Bengal  of  about  0*6  per  1000  of  strength,  or  rather  less 
than  at  home ;  while  in  the  other  two  presidencies  it  is  not  half  this  amoimt. 


Loss  of  Service  from  all  Causes — European  Troops. 
The  admissions  have  been  already  given.     The  mean  daily  sick  are  : — 


Bengal,    . 

Madras, 

Bombay, 

All  India, 


1878-87. 

70-27 
66-22 
66-31 

67-27 


71-96 
76-81 
68-43 

72-10 


As  compared  with  home  service,  a  larger  number  of  admissions,  a  greater 
daily  number  of  sick,  and  a  shorter  duration  of  cases  and  a  larger  mortality 
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indicate  not  only  more  sickness,  but  the  presence  of  very  rapid  fatal  dis- 
eases, which  shorten  the  mean  duration  of  all  cases. 

The  chief  causes  of  admissions  are  "  paroxysmal  and  continued  fevers," 
venereal  disease,  dysentery,  rheumatism,  integumentary  diseases,  and 
digestive  affections  (not  hepatitis).  Hepatitis  and  cholera  cause  few  ad- 
missions, but  a  large  mortality. 

The  prevalence  of  venereal  disease  demands  as  much  attention  in  India  as 
in  England,  but  the  preventive  measures  are  much  easier.  Police  regula- 
tions and  proper  surveillance  were  formerly  enforced,  and  Lock  hospitals 
were  established  in  many  places.  Unfortunately  since  1884  the  Contagious 
Diseases  Acts  have  been  suspended. 


Invaliding  of  European  Troops, 

The  invaliding  ratio,  from  all  causes,  in  the  Bengal  European  Army  varied 
in  ten  years  (1861-70)  from  28*09  to  53-98  per  1000  of  strength,  the  mean 
being  38-9;  and  in  the  next  ten  years  (1871-80)  from  29*88  to  47*14,  the 
mean  being  40*6.  In  1881-88  (nine  years),  it  varied  from  18*3  to  36*9,  the 
mean  bemg  27*9  :  in  1888,  in  was  20*4  per  1000. 

The  influence  of  age^  and  of  length  of  residence  in  the  country  is  shown  in 
the  following  tables,  in  which  are  stated  also  the  chief  diseases  causing  in- 
validing : — 

Army  of  India. 

Invaliding  rates  at  different  Ages  per  1000,  1884-88  (5  years). 


Diseases. 

Under  25. 

26  to  29. 

SO.to  34. 

85  and  opvuds. 

Phthisis,      . 
Rheumatism, 
Circulatory  diseases,    . 
Hepatitis,  . 
Debility,     . 

1*88 
0*51 
3*69 
0*98 
2*59 

2*05 
1*31 
2*64 
2*05 
8*22 

1*92 
1*72 
1-71 

2-88 
4-62 

1-66 
4-07 
212 
4-67 
14-79 

All  causes.     .         .   |      21*47 

2375 

24-57 

4313 

Invaliding  at  different  periods  of  Residence  per  1000,  1884-88  (5  years). 

Diseases. 

Phthisis,     . 
Rheumatism, 
Circulatory  diseases,    . 
Hepatitis,   . 
Debility,     . 

1  and  2  Years. 

1*40 
0-56 
2-99 
0*76 
1*58 

8  to  6  Years. 

7  to  10  Years. 

2-06 
2*21 
1-98 
2-72 
5-12 

10  Years  and  upwards. 

2*36 
1-80 
3-41 
2*03 
4*25 

1-11                , 
3-47              ' 
2-29 
5-28 
13-93 

All  causes,     . 

16-85 

2713 

26-71 

42-39 

From  these  figures  it  appears  that  the  ratio  advances  with  age  and  length 
of  residence,  almost  pari  passu. 

Circulatory  diseases  account  for  most  of  the  early  invaliding ;  debility  and 
hepatitis  for  most  of  the  later. 
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Colonel  Sykes  gave  the  mortality  for  1825-44  as  18  per  1000  of  strength 
for  all  India ;  and  for  Bengal,  17*9  ;  Bombay,  12*9 ;  Madras,  20-95. 

In  Madras,  from  1842  to  1858,  the  average  was  18  per  1000  (Macph«^ 
son),  of  which  6  per  1000  each  year  were  deaths  from  cholera. 

Ewart  gives  the  following  numbers  per  1000  of  strength — Bengal  (1826- 
1852),  13-9  ;  Bombay  (1803-54),  15-8;  Madras  (1827-52),  17-5. 

Mortality  in  the  Native  Amiy  per  1000  of  Strength, 


Deaths  from  all  Causes. 

Cholera. 

India,  1877-88  (12  years), 
Bengal  Army,  1867-76  (10  years),    . 
„       1877-88  (12  years),    . 
Madras  Army,  1877-88  (12  years),   . 
Bombay  Array,  1877-88  (12  years), . 

India,  1888 

Bengal  Army,  1888, 
Madras  Army,  1888, 
Bombay  Army,  1888, 

17-37 
13-84 
16-95 
12-83 
14-28 
12-84 
13-11 
15-31 
10-62 

1-67 
2-12 
1-24 
2-16 
1-58 
2-14 
1-40 
4-17 
1-67 

The  averages  for  1877-88  are  varied  by  the  very  high  mortality  that  pre- 
vailed in  1879  and  1880,  owing  to  the  operations  in  Afghanistan,  in  which 
years  the  ratios  for  the  Indian  Army  were  35  and  39  respectively. 

The  chief  causes  of  mortality  are  shown  in  the  following  table  : — 

Mortality  of  Native  Troops  per  1000  of  Strength  (1884-88). 


Diseases. 


Cholera, 

Fevers, 

Apoplexy  and  heat-stroke, 

Dysentery, . 

Diarrhcea,  . 

Hepatitis,  . 

Respiratory  diseases,  . 

Circulatory  diseases,    . 

Phthisis  pulmonalis,    . 

Debility  and  antemia,  . 


India. 


1-46 
2-09 
0-50 
0-66 
0-58 
0-13 
3-25 
0-25 
0-76 
0-56 


SECTION  IX. 

CHINA  AND  STRAITS  SETTLEMENTS. 

Hong-Kong. 

Although  the  English  have  occupied  Canton,  Tientsin  in  the  north,  and 
several  other  places,  yet,  as  their  occupation  has  been  only  temporary,  it 
seems  unnecessary  to  describe  any  other  station  than  Hong-Kong. 
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Garrison  of  Hong-Kong  about  1200,  but  diflTeniig  considerably  acooiding 
to  the  state  of  ntfiiirs  in  China, 

The  island  is  27  miles  in  circumferenc©,  10  long,  and  8  broad  at  it«  widest 
part. 

G€it(otjy,^T\i(^  liills  are  for  the  most  part  of  granite  and  syenite,  more  or 
leas  weathered.  In  some  ptirts  it  is  disintegrated  to  a  great  extent,  and 
clayey  beds  (lateritci)  are  formed,  in  which  granite  bonlders  may  he  embedded. 
Victoria,  the  crhief  town,  sUmds  on  tliis  disintegrated  granite.  As  in  all 
other  eases^  this  weathered  luid  clayey  granite  is  said  to  be  very  absorbent 
of  wattu",  and,  especially  in  the  wet  season,  is  considered  unhealthy. 

Climate. — Mean  annual  tempei-ature,  73"  Fahr. ;  hottest  month  (July  or 
Auj^'nst)^  86"  to  SS"*  j  coldest  month  (January  or  February),  56^"  or  57° ;  am- 
plitude of  the  yearly  fluctuations,  33"* 

The  humidity  is  considerable,— about  80  per  cent,  of  saturation  as  an 
average. 

The  N.E.  monsoon  blows  from  Kovemher  to  April ;  it  is  cold,  dry,  and  is 
usually  considered  healthy  and  bracing ;  but  if  persons  who  have  suffered 
from  malaria  are  much  exposed  to  it,  it  rcinduees  the  paroxysm.  The  S.W. 
monsotai  blows  from  May  to  October ;  it  is  hot  and  damp,  and  is  con- 
sidered enervating  and  relaxing.  The  ditlerence  in  the  tliermometer  between 
the  two  monsoons  has  been  said  io  he  as  much  as  46',  hut  this  seems  exces- 
sive* 

The  rainfall  is  about  90  k»  100  inches  with  the  8*W.  monsoon. 

If^  addition  to  Victoria^  there  are  twi>  or  three  other  stations  which  have 
been  occnpied  as  sanitiiria,  viz.,  Stiinley^  seated  on  a  peninsula  on  the  south 
end  of  the  island,  and  about  100  feet  above  the  sea;  and  Sarivan,  5  miles 
east  of  Victoria.  Neither  station  seems  to  have  answered ;  the  barmcka 
are  very  had  at  Stiinley,  and  are  exposed  too  mucli  to  the  N.E.  monsoon, 
which,  at  certain  times,  is  cold  and  wintry;  dtiring  the  S.W.  monsoon  it  is 
healtliy,  Sarivan  hai^  always  been  unhealthy,  probably  fnmx  the  ncigh- 
bourli  (X"d  of  rice  fields.  Since  the  close  of  the  last  ^var  a  portion  of  the 
mairiLuul,  Kowloon^  opposite  A^ictoria,  has  Ijeen  ccded»  and  luis  been  occu- 
pied  by  troops.  It  is  said  not  to  be,  however,  even  so  bed  thy  as  Hong- 
Kong,^  but  there  are  differences  of  opinion  on  this  point. 

Hong-Kong  has  never,  it  is  said,  been  considered  healthy  by  the  Gliinese. 
The  chief  (pauses  of  rmhealthiness  appear  to  be  the  moist  laterite  and 
weathered  granite,  and  the  numerous  rice  fields.  Indeed,  tu  the  latter  cause 
is  ascribed  by  some  (Smart-)  the  great  unhejiltbijiess,  especially  w^hen  the 
rice  fields  are  drying  in  October,  November,  and  December, 

Local  causes  of  unbealtliiness  existed  tiU  very  lately  in  Victoria,  In  build- 
ing the  barracks  the  felsjiar  clay  was  too  much  cut  into^  and,  in  addition, 
the  access  of  air  was  impeded  by  tlie  proximity  of  the  hiils.  The  S.W. 
monsoon  was  entirely  shut  out.     Till  lately  sewerage  was  very  defective. 

( Hving  proljably  to  tliese  climatic  and  local  causes,  for  many  years  after 
its  occupation  in  1842  Hong-Kong  was  excessively  unhealthy.  Malarious 
fevers  were  extremely  common.  In  1889  amongst  the  European  civil  popula- 
tion, all  the  deaths  that  occurriHl,  5  in  number,  are  described  as  being  "from 
remittent  fever  of  a  peculiarly  malignant  type.^  Dysentery  was  formerly 
extremely  severe,  and  assumed  the  peculiar  form  of  lientery.  This  was  noticed 


1  ScM?  Renort  of  Hni^on  Suell,  Army  Medk^tl  Rfport^  vol  t.  p.  8^»  for  the  OftUMB  of 
thu  iitiheiUtlimess  of  Kowloou. 

8  Trftmattions  of  thr  Epi<f,  Soc.^  vol.  t  p.  191.  This  paper  sTiotilil  !w  cotlSldt«d  6»KH 
excellent  acLouiit  of  Houg-Koiig,  tuid  of  the  diseases  amotig  suUors  cspccJAlly. 

*  LancH,  Um,  ii.  945. 
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in  the  first  China  War,  and  appears,  more  or  less,  to  have  continued  since. 
In  addition  to  these  diseases,  phthisis  appears  to  have  been  frequent. 

For  some  years  there  were  such  frequent  wars  in  China  that  the  exact 
amount  of  sickness  and  mortality  due  to  the  climate  of  Hong-Kong  could 
not  be  well  determined.  But  it  is  becoming  much  healthier  than  in  fonner 
years,  owing  to  the  gradual  improvement  in  sanitary  matters  which  goes  on 
from  year  to  year.  In  1865  there  was,  however,  much  sickness,  owing 
apparently  to  overcrowding  and  to  bad  accommodation. 

In  the  Statistical  Reports,  the  troops  serving  in  Hong-Kong,  Kowloon, 
and  the  Straits  Settlements  have  been  classed  together,  so  that  the  influence 
of  Hong-Kong,  per  se,  can  only  be  partially  known.  For  the  future  China 
and  the  Straits  Settlements  will  furnish  separate  returns. 

In  1871-80,  the  mortality  was  10*17,  and  in  1884-88  it  was  10-90  per 
1000.  The  average  admission-rate  per  1000  for  these  five  years  was  1039; 
the  invalided  24*63 ;  and  the  number  constantly  sick  47*40.  Enteric 
fever  occurs,  but  is  not  prevalent;  in  1885  cholera  caused  12  deaths ;  and 
in  1888  there  were  7  deatl>s  from  remittent  fever. 


Straits  Sbttlements. 

The  stations  occupied  are  Singapore  and  Penang. 

Average  strength  of  the  troops  about  1000. 

Singapore  is  situated  on  the  island  of  the  same  name,  which  is  hilly  and 
covered  with  forest  The  chmate  is  remarkably  damp,  the  mean  relative 
humidity  being  (1878-86)  81*5  per  cent.  The  rainfall  varies  from  about  65 
to  110  inches,  averaging  83*5.  The  temperature  is  very  equable  ;  the  mean 
temperature  is  8r*l ;  the  hottest  month,  generally  May  or  September,  aver- 
ages 82° *2  ;  and  the  coldest  month,  generally  January,  79°*6,  showing  a  i*ange 
of  only  about  3  degrees. 

Penang  is  also  an  island  off  the  Malay  peninsula,  Georgetown  being  the 
capital,  opposite  the  Wellesley  Province. 

In  the  Straits  Settlements  as  a  whole,  during  the  five  years  1884-88,  the 
admissions  averaged  1124,  the  deaths  7*78,  the  invalided  17*74,  and  the  daily 
number  of  sick  51*46,  per  1000.  Enteric  fever  occurs  to  a  slight  extent; 
in  1885  there  were  three  cases  of  typhus  at  Singapore.  In  1887  the  mor- 
tality reached  the  very  low  figure  of  2*86  per  1000. 


CHAPTER   V. 
SERVICE  ON  BOARD  SHIP.' 

Service  on  board  ship  must  be  divided  into  three  sections,  corresponding  to 
three  different  kinds  of  servica 

1.  Troop^  or  transport  ships,^  for  the  conveyance  of  healthy  soldiers,  their 
wives  and  children,  from  place  to  placa 

2.  Transports  for  conveyance  of  sick  from  an  army  in  the  field,  or  from  a 
foreign  station  to  a  sanitarium,  or  home.  Although  the  term  is  a  little  odd, 
it  is  convenient  to  call  these  ships  Sick  Transports. 

3.  Hospital  ships,  intended  for  the  reception  and  treatment  of  the  sick. 

Transports  for  Healthy  Troops. 

The  use  of  Government  troop-ships  has  very  much  altered  the  duty  of 
medical  officers  on  board.  The  troop-ships  are  really  men-of-war,  t.^.,  officered 
by  the  Koyal  Navy,  and  under  naval  regulations.  The  medical  officer  of 
troops  has  therefore  nothing  to  do  with  the  vessel  and  its  arrangements.  If 
hired  transports  arc  used,  the  QueerCs  Regulations  (1889,  Parts  I.  and  II., 
section  17,  Movement  of  Troops  by  Sea)  and  the  Medical  Regulaiions  (1890, 
Part  I.,  paras.  216-222,  526-547)  have  to  be  carried  out. 

Transports  for  Sick  Troops. 

No  specific  instructions  are  laid  down  in  the  Medical  Regulaiions  with 
respect  to  hired  ships,  but  it  would  be  very  desirable  to  have  some  set  rules 
with  respect  to  space,  diet,  and  fittings.  Invalids  are  now  carried  from  India 
and  the  Colonies  in  Government  troop-ships ;  occasionally  hired  transports 
are  used.  In  respect  of  fittings,  the  use  of  swinging  cots  for  feeble  men,  and 
Av  ell-arranged  closets  for  dysenteric  cases,  are  very  important  If  there  is 
need  of  Government  transports  for  healthy  men,  the  necessity  is  still  greater 
for  sick  men. 

As  far  as  possible,  the  sick  should  be  treated  on  deck  in  line  weather,  a 
good  awning  and  a  comfortable  part  of  the  deck  being  appropriated  to 
them.  It  would  be  a  good  plan  not  to  send  home  officers  and  sick  men 
in  the  same  ship,  but  to  have  officers'  ships,  so  as  to  give  up  the  poop  to 
the  men  in  the  ships  which  carried  them.  This  division  would  be  a  gain  to 
both. 

In  time  of  war,  sick  transports  are  largely  used  to  carry  troops  to  hospitals 

1  See  Naval  Hygiene,  by  Inspector-General  J.  D.  Macdonald,  R.N.,  M.D.,  F.RS.,  1881. 

3  The  following  note  is  given  in  the  Queen^s  JtegulationSy  1889,  section  xvii.  :— •*  A  Troop- 
ship ia  one  of  Her  Majesty's  ships  commissioned  as  a  troop-ship.  A  Transport  is  a  private 
ship  wholly  engaged  for  the  Government  service  on  monthly  hire,  or  one  wholly  engaged  by 
the  Government  to  execute  a  special  troop  service,  though  not  hired  by  the  month.  A  Troon 
Freight  Ship  is  a  ship  in  which  conveyance  is  en^ged  by  Government  for  troops,  but  whicn 
is  not  wholly  at  the  disposal  of  the  Government.*' 
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in  rear.  For  this  i)urpose  good  roomy  steamers  must  be  ehosea.  For 
economy's  sake  tliey  will  generally  be  Iiirge,  and  probably  with  two  decks ; 
they  should  never  have  more^  and  indeed  a  single  deck  is  better.  But  if 
with  two  decks,  each  space  should  be  sepfiKitely  ventilated  by  tubes,  m  a^ 
as  far  as  jMssible,  to  prevent  jxissage  of  foul  air  from  the  lower  to  the  u|>])«r 
deck.  All  the  worst  eaaes  should  be  on  the  upper  deek,  especially  surgical 
cases. 

The  decks  of  these  vessels  should  be  as  clear  as  possible,  so  that  men  am 
be  treated  on  deck.  An  apparatus  should  be  arranged  for  hoisting  men  on 
deck  from  below. 

It  has  been  proposed  to  fit  these  ships  with  iron  bedsteads,  and  no  doubt 
this  gives  the  men  more  space ;  but  a  better  phm  still  would  probably  be  to 
have  short  iron  rods,  to  wlndi  every  cot  could  be  suspended.  The  sick  mea 
might  be  carried  in  their  cots  on  board,  and  again  i"cinoved.  If  the  rods 
are  made  about  14  inches  high,  and  bent  in  at  the  top  eo  as  to  form  a  hook, 
a  cot  is  hung  easily,  ;ni<l  will  swing.  .There  ia  spjice  enougli  below  to  put 
a  close-stool  or  pan  under  tlie  man  without  stirring  him,  if  a  flap  is  left 
open  in  the  canvass,  and  a  hole  left  in  the  thin  mattress. 

Fixed  berths  are  not  so  good,  hut  some  must  be  provided.  Some  cots  can 
swing  from  t!ie  top,  and  surae  men  ean  be  in  hammocks.  Probably  every 
sick  transport  should  have  all  these,  viz.,  iron  bedsteads  at  some  pointis 
fastened  to  the  deck,  iron  standards  for  swinging  cots,  cots  swinging  from 
the  roof,  low  bertlie,  iind  hammocks. 

Ill  these  sick  tninsports  the  kits  and  clothes  must  be  stowed  away  ;  and 
as  they  are  often  very  dirty  and  olfensive,  and  sometimes  carry  the  poidon 
of  typlius  and  other  diseases,  the  place  where  they  are  put  sliould  be 
constantly  fumigated  with  nitrous  or  sulphurous  acid,  Robert  Jackson 
mentions  that  dirty  clothes  and  bedding  may  be  soon  waslied  sweet  by  mix- 
ing oatmeal  with  stilt  water. 

iJircctly  a  sick  transport  has  landed  the  sick,  the  whole  place  should  hn 
thoroughly  %\ashed  ami  disinfeekd,  and  tlje  betweim-decks  constantly  fumi* 
gated  till  the  very  moment  whttn  f  resli  sick  enibiu'k. 


HOBPITAL    SHU'S. 

These  are  sbijis  intended  for  the  reception  and  treatment  of  tlie  sick, — 
floating  hospit^ils,  in  short.  "Wlienever  operations  are  undertaken  along  a 
seaboard,  and  especially  wiien  a  force  is  moving,  and  places  for  £xed 
hospitals  cannot  be  assigned,  they  are  indisj>e usable.  They  at  once  relieve 
the  army  from  a  very  hea\7  encumbrance,  and,  by  prompt  attendance 
which  can  be  given  to  the  sick,  save  many  lives.  They  should  ahvays  be 
organised  at  the  commencement  of  a  camjniign.  In  the  Abyssiniim  War 
three  hosjiital  ships  were  used.  Their  fitting  out  was  carefully  superin- 
tended,  and  appears  t^i  have  answered  admirably.  The  ventUatioli,  as  shown 
by  the  amount  of  carbon  dioxide  (0708  per  1000  volumes)  was  very  good. 
The  superficial  space  between  decks  per  man  w^as  on  the  night  of  the  ex- 
periment 154  feet,  and  the  cubic  space  no  less  than  107C.  During  the 
Ashanti  War  (1873-4)  the  Hne-of -battle  ship  **  Victor  Emmanuel"  was  used 
as  an  hospital  ship,  and  w*as  most  successful. ^  The  tloor  space  per  heatl 
was  generally  alx>ut  50  square  feet,  and  the  culiic  si>ace  a1x>ut  480, 
although  it  was  originally  intended  to  be  less.  Hospital  ships  w*cro  also 
used  during  the  Eg^'ptian  campaigns  of  1882  and  following  years;-  and 
in  Burmsilt,  1887. 


>  Jrmy  Medical  ReporUf  vol  xv.  p.  260. 


"  A.M,D,  IttporU,  vol.  xxvL  p.  927. 
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However  cnnvenientj  and  intlted  oecessaryj  thwy  are,  it  must  be  clearly 
understood  that  they  sire  not  equal  to  an  ho8|ntjd  on  shore.  It  is  impossihle 
to  ventilate  and  clean  t!ieiii  thoronglily.  The  space  is  small  between  decks. 
Tlie  wood  gets  impregnated  with  e 111 n via,  and  even  sometimes  the  Inlgo  is 
contaminated.  Dr  Becher,  pathologist  in  the  China  war,  stilted  that  even  in 
the  very  best  of  the  hospitals  used  there,  it  was  quite  clear  that  in  every 
wound  there  wm  evidence  of  a  slight  gangrenous  tendency.  In  fact,  it  is 
perhaps  impossible  to  prevent  this  except  by  the  freest  ventilation  and  the 
most  vigorous  antiseptic  treatment 

The  principle  of  separation  should  be  carried  out  in  tliese  ships — one  ship 
for  w<  amded  men,  another  for  fever??,  a  third  for  mixed  cases ;  or  if  this 
(^annot  be  done,  soi>arate  decks  should  l>e  assigned  for  wounded  men  and  fever 
oases.  In  line  weather  the  sick  should  be  treated  on  deck  under  awnings. 
The  between-decks  must  be  thoroughly  ventilated,  and  all  measures  of  fumi- 
gation, friKjuent  lime-w^a^^hing,  Ac,,  must  be  constantly  employed.  Warming 
by  stoves,  or  hy  steam  pipes^  must  bo  used  in  damp  and  cold  weather,  if  by 
the  former,  advantage  should  be  taken  of  this  source  of  heat  to  improve 
ventilation. 

Sliips  of  one  deck  are  l>etter  than  two  ;  but  as  they  will  hold  a  very  small 
number  of  sick,  tw*o  decks  are  conmionly  used.  But  not  more  than  two 
decks  should  he  used ;  and  if  there  be  a  thirtl  or  orlop  dci-k,  it  sh^mld  bo 
kept  for  stores.  Sometimes,  if  there  are  two  decks,  the  upfwr  deck  is  used 
for  officers  and  the  lower  for  troops,  hut  the  reverse  arrangement  should  he 
adopted. 

Tlie  ventilation  of  the  between-decks,  in  addition  to  Edmonds*  plan,  should 
be  carried  on  by  tubes,  which,  if  the  central  shaft  is  acting,  will  be  all  inlets, 
and  can  be  so  arranged  as  to  cause  good  distriltutioii  of  the  air. 

The  fittings  of  an  hospital  ship  shoidd  be  as  few  and  simple  as  possible, 
and  invariably  of  iron.  Tables  should  be  small,  and  on  thin  iron  legs. 
Kwiiiging  cots  are  indispensable  for  wounded  men,  and  the  appliances  for 
the  receiving  and  removing  the  excreta  of  dysenteric  and  febrile  patients 
must  he  carefully  attended  to.  Berths  shoidd  not  be  of  wood,  but  of  iron 
bars,  which  ore  much  more  easily  laid  hare  and  (^leaned. 

The  supply  of  distilled  drinking  water  should  be  as  large  as  possible,  and 
a  good  distUling  apparatus  shoidd  bo  on  IxKird,  whether  the  vessel  he  a 
steamer  or  not. 

The  Ifiundry  arrangements  are  most  imporUnt,  and  it  would  be  a  good 
plan,  on  a  large  expedition,  to  have  a  small  ship  converted  entirely  into  a 
laundry.  It  woidd  not  only  wash  for  the  sick,  liut  for  the  healthy  men 
alstK  So  also  a  separate  ship  for  a  bakery  is  nn  important  point,  so  as  to 
have  no  baking  on  board  the  hospital  ship. 

On  board  the  hospital  ship  there  should  be  constant  fumigation;  lime- 
Wishing,  whenever  any  jmrt  of  the  hospital  can  l>e  cleaned  for  a  day  or  two, 
and,  in  fact,  every  other  precaution  tiken  whii^h  <'an  l»e  thought  of  to  make 
the  floating  hospital  equally  clean,  dry,  well  ventilatcHl  and  pure  as  an  hospital 
on  shore. 

On  lK>ard  hospital  ships  it  is  often  etisy  to  arrange  for  sea-bathing  and 
douching ;  it  should  never  be  forgotten  %vhat  important  curative  means 
these  are. 

In  case  pyfcmia  and  erysipelas,  or  hospital  gangrene  occur,  the  cases  mtiBt 
be  treated  on  deck,  no  matter  how  l>ad  the  weather  may  he,  Goml  awnings 
to  protect  from  wind  iind  rain  can  be  put  up. 

Excellent  unsweetened  condenHe4l  milk  can  now  be  obtainedt  this  renders 
the  keeping  of  animaL*  on  board  ship  unnecessary* 


CHAPTER  VI. 
WAE. 

The  trade  of  the  soldier  is  war.  For  war  he  is  selected,  maintained,  and 
taught.  As  a  force  at  the  command  of  a  government,  the  army  is  also  an 
agent  for  maintaining  public  order;  but  this  is  a  minor  object^  and  only 
occasionally  called  for,  when  the  civil  power  is  incompetent. 

In  theory,  an  army  should  be  so  trained  for  war  as  to  be  ready  to  take  the 
field  at  literally  a  moment's  notice.  The  various  parts  composing  it  should 
be  so  organised  that,  almost  as  quickly  as  the  telegram  flies,  they  can  be 
brought  together  at  any  point,  prompt  to  commence  those  combined  actions 
by  which  a  body  of  men  are  moved,  fed,  clothed,  kept  supplied  with  muni- 
tions of  war,  maintained  in  health,  or  cured  if  sick,  and  ready  to  undertake 
all  the  engineering,  mechanical,  and  strategical  and  tactical  movements 
which  constitute  the  art  of  war. 

That  an  organisation  so  perfect  shall  be  carried  out,  it  is  necessary  that  all 
its  parts  shall  be  equally  efficient ;  if  one  fails,  the  whole  machine  breaks 
down.  The  strength  of  a  chain  is  the  strength  of  its  weakest  link,  and  this 
may  be  said  with  equal  truth  of  an  army.  Commissariat,  transport^  medical, 
and  engineering  appliances  are  as  essential  as  the  arts  of  tactics  and  strategy. 
It  is  a  narrow  and  a  dangerous  view  which  sees  in  war  merely  the  move- 
ments of  the  soldier,  without  recognising  the  less-seen  agencies  which  insure 
that  the  soldier  shall  be  armed,  fed,  clothed,  healthy,  and  vigorous. 

During  peace  the  soldier  is  trained  for  war.  "What  is  meant  by  training 
for  war  ?  Not  merely  that  the  soldier  shall  be  taught  to  use  his  weapons 
with  effect,  and  to  act  his  part  in  that  machine  where  something  of  mech- 
anical accuracy  is  imprinted  on  human  beings,  but  that  he  shall  also  know 
how  to  meet  and  individually  cope  with  the  various  conditions  of  war,  which 
differ  so  much  from  those  of  peace. 

It  is  in  the  nature  of  war  to  reinduce  a  sort  of  barbarism.  The  arts  and 
appliances  of  peace,  which  tend,  almost  without  our  care,  to  shelter,  and 
clothe,  and  feed  us,  disappear.  The  man  reverts  in  part  to  his  pristine  con- 
dition, and  often  must  minister  as  he  best  may  to  his  own  wants.  No  doubt 
the  State  will  aid  him  in  this ;  but  it  is  impossible  to  do  so  as  completely  a^ 
in  peace.  Often,  indeed,  an  army  in  war  has  maintained  itself  in  complete 
independence  of  its  base  of  supplies,  as  in  almost  every  campaign  there  is 
more  or  less  of  this  independence  of  action. 

In  peace  the  soldier,  as  far  as  clothing,  feeding,  shelter,  and  cleanliness 
are  concerned,  is  almost  reduced  to  the  condition  of  a  passive  agent. 
Everything  is  done  for  him,  and  all  the  appliances  of  science  are  brought 
into  play  to  save  labour  and  to  lessen  cost.  Is  this  the  proper  plan  ? 
Looking  to  the  conditions  of  war,  ought  not  a  soldier  to  be  considered  in 
the  hght  of  an  emigrant,  who  may  suddenly  be  called  ujwn  to  quit  the 
appliances  of  civilised  life,  and  who  must  depend  on  himself  and  his  o\m 
powers  for  the  means  of  comfort  and  even  subsistence  ? 

There  is  a  general  impression  that  the  English  soldier,  when  placed  in 
imaccustomed  circumstances,  can  do  nothing  for  himself,  and  is  helpless. 
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If  SO,  it  is  not  the  fault  of  tlie  man,  but  of  the  system,  which  reduces 
him  to  such  a  st^ite.  That  it  is  not  the  fault  of  the  man  is  shown  hy 
the  fact  that,  however  helpless  the  English  scil^lier  may  appear  to  be  in  the 
first  campaign,  he  subsequently  becomes  as  clever  in  pKividing  for  hiniaelf 
as  any  man.  The  Crimean  War  did  not  perhaps  last  long  enough  to  show 
tills,  but  the  Peninsular  War  proved  it.  The  soldier  there  learned  to  cook, 
to  house  himself  J  to  shclt^n-  himself  from  the  weather  when  he  hati  no  house, 
to  keep  hmiself  clean,  and  to  mead  aad  make  his  clothes.  Was  it  not  the 
jjower  of  doing  these  things,  as  w^ell  as  the  mere  knowledge  of  movements 
and  anna,  which  made  the  Duke  of  Wellington  say  tlmt  his  army  could  go 
anywhere  and  do  anyfchijig?  And  the  wars  at  the  Cape  and  in  Kew  Zea- 
land have  shown  that  the  present  race  of  soldiers,  when  removed  from  the 
appliances  of  civilised  life,  liave  not  lost  this  power  of  adaj^tation. 

The  English  solilier  is  not  helpless  ;  he  is  simply  untrained  in  these 
things,  ami  so  long  as  he  is  imtraiiied,  however  perfect  he  may  be  in  drill 
and  manoeuvre,  he  is  not  fit  for  war.  The  campaign  its^^lf  should  not  be 
his  tutor;  it  must  be  in  tht^  mimic  campaigns  of  peace,  in  which  the  stem 
realities  of  Wiir  are  imitated,  that  the  scvUlier  must  bo  tmineii  Our  present 
tield-da3'8  represent  the  very  acme  and  culminating  point  of  war, — the  few 
bright  moments  when  the  long  marches  and  the  wearisome  guards  are  re- 
warded by  the  wild  excitement  of  battle  ;  but  the  more  common  conditions 
of  the  campaign  ought  also  to  tind  their  paralleL  Since  the  Crimean  War 
mnch  has  been  done  to  instruct  the  soldi<^r  in  the  minor  arts  of  war.  The 
eiitaljlisliment  of  ciimfts  has  to  some  extent  familiarised  liim  with  tent  life  ; 
the  flying  columns  which  go  out  from  Aldersliot  show  him  something  of  the 
life  of  the  bivouac,  and  the  training  in  cooking  which  I^nd  Herbert  ordered 
is  teaching  him  how  to  prepare?  his  fooil.  The  Autumn  Manooiivres  at 
home,  and  the  large  camps  of  t^xercise  in  India,  have  extended  this  eyatem, 
and  are  now  making  him  familiar  with  the  chief  conditions  of  the  life  in 
campaign. 

A  campaign  can  never  be  successful  unlciss  the  men  are  healthy.  How 
are  men  tf>  be  trained  so  as  to  start  in  a  campaign  in  n  healthy  condition, 
and  to  be  aide  to  bear  the  manifold  trials  of  war  1  Tlie  answer  may  be 
given  under  three  heads — 1.  Pre  juration  for  war  during  peace,  2.  Entry 
on  war.     3.  Actual  service  in  war. 


SECTION  I. 


PREPAKATION  FOE  WAK  DURING  PEACE. 


The  various  conditions  of  war,  which  are  diflFerent  from  those  of  peBOOi 
are : — 

1.  JElrpoif«r^  fo  the  Wfathtr. — It  is  a  constant  observation  that  men  who 
have  led  out+loor  lives  fir*.*  far  more  healthy  in  war  than  men  whoso  occupa- 
tions have  kept  them  in  houses.  The  stjldier's  life  should  be,  then:'fore,  fin 
outdoor  one.  This  can  only  be  done  properly  by  keeping  him  in  tents 
during  the  summer.  It  would  bo  well,  in  fact,  to  tent  the  whole  army  from 
the  middle  of  May  to  the  end  of  September  every  year.  The  expense  should 
be  looked  on  as  a  necessary  part  of  the  military  e-atablishments.  Wooden 
hut«  are  too  like  ordinary  barrack.^.  As  the  soldier  has  often  to  sleep  out 
in  war,  he  should  be  acciistt:>med  in  this  also  in  peace — warm  summer  nights 
being  first  selected  to  train  him.  It  will  soon  be  found  that  he  will  very 
aoon  acquire  the  ]X)wer  of  resistmce  to  cold.     This  plan  will  also  test  the 
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utility  of  Ilia  clothes.^  It  has  b<;cu  found  by  exp^nment  tliat^  bjT  careftil 
trainingt  even  delicrtte  persons  can  bear  sleeping  out  at  nighty  even  in 
tolerably  cold  weather,  without  injury,  provided  there  be  no  rain.  At  the 
latter  end  of  tho  summer,  it  would  be  well  to  expose  the  men  even  to  nmj 
nights,  their  clothes  being  adapted  for  this  by  the  supply  of  M^aterproofs ; 
and  in  the  very  useful  Autumn  Manoeuvros  tliis  plau  might  be  tried  with 
advantage. 

At  the  same  time,  it  is  important  to  have  the  men  raised  off  the  grouiid, 
both  when  in  tent  and  lying  in  the  open  air,  in  all  countries  wliere  the 
ground  may  be  moist,  L>r  cools  rapidly  during  the  night  A  very  useful  ficW 
hammock  Imuh  been  iiivent^^d  by  Captiiin  M^Guire ;  it  consists  of  a  strong 
woollen  material,  which  h  suspended  on  two  sticks  by  means  of  guide-ropes* 
It  makes  a  comfortable  bed,  and  keeps  the  body  very  wann. 

It  may  be  thought  that  training  of  this  kind  is  needless,  and  that  it  may 
be  left  to  the  campaign  to  accustom  the  luen  to  exposure,  but  this  is  not  tha 
case ;  a  numljer  of  men  are  rendered  inefficient  at  the  commencement  of  a. 
campaign  simi>ly  by  the  unaccustomed  exposure. 

2.  J^eiit  ami  Camp  Life, — The  pit^-hing,  striking,  and  cleansing  of  t«  i  '- 
the  digging  treiH-hes  round  the   tents,   iind  providing  for  general    smi 
drainage ;  the  an'tmgcment  of  the   interior  of  the  tent,  &c.,  shoidd   all  be 
carefully  taught.     So  also  the  eam[i  hfe  of  the  campaign  should  be   closely 
imitated,  and  tlie  rules  of  conservancy  most  strictly  carried  out  as  a   meazts 
simply  of  teaching  what  will  be  of  riuch  iiniwrtance  in  war.- 

3,  Cooking  of  Food, — No  doubt,  in  future  wars,  all  governments  will 
endeavour  t^:*  supply  prepared  and  cooked  food^  so  as  to  lessen  the  cost  of 
transport  ami  the  lalwur  of  the  soldier.  But  as  this  cannot  always  be 
depended  upon,  the  soldier  must  he  truinai  to  ciM>k  his  ordinary  rntiona. 
This  should  not  be  done  ft>r  him ;  he  ought  to  do  it  himself  merely  with  the 
appliances  he  would  Imvo  in  war,  viz.,  his  camp^kettle,  canteen,  and  tin 
plate. 

At  the  commencement  of  a  campaign  many  men  lose  flesh  and  strength,  or 
aufler  from  Jiarrha?a,  from  thc^  foixl  being  badly  cooked  and  indigestible. 

In  the  Peninsular  War  the  men  became  adiu  indole  cook.s.     At  first  vc 
large  camp-kettles,  intended  for  half  a  conii>t\nyj  were  used,  and  were  carrie 
on  horses.     They  did  not  answer,  and  tlie  men  left  them  ludiind,     ^Vftei 
wartls  smaller  Cimip-kettles  were  suppUed,  one  for  each  mess  of  six  or  eight 
Luscombe  mentions  that  the  supply  of  salt  was  found  to  l>e  a  very  iniiK>rtai] 
point ;  he  s^xys  he  IhkI  no  idea  of  the  value  of  this  condiment  tiD  he  saw  thi 
w^«y  in  which  the  men  saved  every  little  particle  ;  without  it,  in  fact, 
and  even  vegettihle  food  is  unsavoury* 

In  the  French  Army  on  service  8  or  10  men  form  a  corporaVs  detachme 
or  eseouade.  They  have  Ix'tween  them  one  kettle  and  cover  {miu^fnUfiA 
w*eight  1*7  kilog.),  one  large  bowl  {grande  tjnmeUi\  weight  1  kilog.),  and  on«| 
lai^  drinking  vessel  (jp^and  btdun^  weight  1  '5  kdog. ),  Fjmih  man  lias  fori 
his  personal  use  a  small  bowl  (petiie  gamdle)  and  a  smtdl  drinking  vesselj 
{pfiit  hidon),  Tliey  are  all  of  tinned  iron.  All  these  vessels  are  carried  bj 
the  men,  the  larger  vessek  being  taken  in  turn  by  the  men  of  the  mess. 


1  In  refereticc  to  wluit  was  naid  of  the  great  impirtnnc^  of  a  hood  to  the  gjeateoat  for  me«l 
wlto  sleep  out  at  ni(?ht,  nn  old  ohsfirvatioo  of  Douahi  Mooro  is  of  int4•re^t.  He  fttateis  that  ial 
1760  the  greater  health  eiijoyeii  by  the  Austrian  huzzar7§  ovt*r  tlio  other  troops  was  owing^  V9\ 
tho  hilf-boots  oikI  the  Inrge  cloaks  with  hoods  carrietl  by  the^  tnca, — On  tlCe  Mtang  qf 
jterviny  the  Umtth  of  the  Arm^  (2ad  edit.  1780»  p.  7). 

*  BefereaGc  has  already  hecn   made  to  the  very  useful   SoldUf^M  I^Kkd-Book,  hy 
Wolteley,  whidi  gives  full  details  an  atl  ihti^  }K>iuts; 
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It  may  be  concluded,  with  regard  to  tkia  very  miportant  matter  of  ccH3k- 
ing  utensils,  that  a  man  should  have  a  small  but  very  strong  canteen,  mntla 
of  miHoldered  tin,  and  with  a  good  deep  lid,  with  a  himdle  which  may  servo 
OB  a  frying-pan  or  second  vessel,  m  well  as  a  ct»ver*  The  shape  of  the 
canteen  should  l>e  loDg  and  flat,  and  not  de«*per  than  is  neccsstvry  for  cook- 
ing, so  that  it  may  be  e:isily  carried.  Then  all  the  other  vessels,  the  camp- 
kettlei?^  for  each  inesN,  and  thtj  large  watei'-vessela,  should  be  caiiied  for  ths 
men.  They  sliould  he  made  of  thin  steel,  which  is  very  light  for  its  strength, 
very  dnrafde,  and  is  not  acted  on  by  the  food. 

Tlie  dilferent  kinds  of  camp  cookmg  to  be  taught  are  stewing,  boiling, 
and  making  sou[i,  making  tea  and  cofTee,  cooking  preserved  vegetables, 
nmking  cakes  of  flour,  and  oatmeal  porritlgo. 

Reference  has  already  been  mail>  to  the  great  importance  of  not  keeping 
men  too  Iting  withmit  food.  By  a  little  arrangement  men  can  always  carry 
food,  and  the  proper  organisation  of  supplies  and  regimental  transport  woulcl 
always  enable  a  commanding  ofhcer  to  havi^  some  food  for  his  men.  In 
almost  all  marches,  with  large  bodies  of  men,  and  in  many  actions,  there  aro 
long  periods  of  inaction  during  winch  men  could  eat  food  which  has  been 
already  cooked.  The  ellect  of  this  ui>on  their  strength,  endurance,  and  even 
courage  is  remarkable.  8ouie  instances  have  been  related  by  officei"8  in 
which  fadures  resulted  entirely  from  the  exhaustion  of  the  men  producetl 
by  want  of  food.  Surely  it  is  usrdess  to  supply  ammunition  for  guns  if  the 
men  who  are  to  work  them  have  no  supply  of  energy  Issued  also  to  them, 

4.  Water  Sup/dp. — As  irajiure  water  is  a  great  cause  of  sickness  in  war, 
the  soldier  should  be  taught  liow  to  recognise  impurity,  and  how  to  use  the 
simple  methods  of  purification  with  cViarcoal,  alum,  tea,  boiling,  *fec, 

5.  Mending  Clot/ws. — Every  soldier  carries  a  hold-all,  but  many  cannot 
use  it  properl3^  It  may  bo  suggested  wliether,  in  the  workshops  which  are 
now  esttdilished*  it  woidd  not  be  well  to  let  every  recruit  have  a  month's 
practice  in  repairing  clothes,  and  especially  hoots ;  simple  plans  of  repair 
being  selected,  if  it  l>e  possible. 

6.  Ch'ftHfinem. — 111  war  a  source  of  diseaae  is  the  want  of  cleanliness. 
Very  soon  the  jK^rson  and  clothes  get  covered  with  lice ;  all  the  garments, 
outer  as  well  as  under,  get  impregnated  with  sweat,  and  l>ecome  very  liltliy. 
The  best  generals  have  always  been  very  careful  on  this  point,  and  have 
had  frequent  wa^shing  parades.  As  washing  clothes  is  really  an  art,  the 
soldier  should  be  tjiught  to  do  it.,  not  by  machinery,  hut  in  the  rude  fashion 
he  must  practise  during  Avar.  Clothes  can  be  partially  cleaned  Ijy  drying 
and  beating. 

The  hair  should  be  cut  short.  In  the  absence  of  water  tor  washing,  the 
best  plan  is  the  smalt-tooth  comb,  Uy  keep  the  hair  free  from  vermin,  and  it 
may  be  a  tpiestion  whether  one  should  not  he  supplied  to  every  soldier. 

Washing  the  whrJe  IxMly  in  cold  water,  whenever  it  can  be  done,  is  not  only 
liracijig  m\(\  invigrirating,  l>ut  strengthens  it  against  vicissitudes  of  weather, 
and  against  dysentery.* 


SECTION  XL 

ENTRY  ON  WAR. 

When  actual  war  commences  some  fui-thor  steps  become  necessary. 

All  experience  sho>vs  that  men  under  twenty  or  twenty-one  years  of  ag6 
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cannot  b^^ar  the  fatigues  o{  war,^     If  possible^  then,  all  men  below 

one,  or  at  any  rate  below  twenty,  should  bo  held  back  from  the 

and  formed  into  dopj^  whence  they  may  be  draughted  for  active  serrieeoD 

occasion.     Of  coui^e,  every  means  sboidd  be  taken  dnriug  their  service  &t 

the  depicts  to  strengthen  and  harden  them. 

All  weakly  men  should  also  be  held  back,  and  every  man  thus  retained 
should  rome  under  the  surgeon's  superintendence,  not  in  hospital,  but  while 
doing  his  duty. 

The  men  who  are  about  to  enter  on  the  cam|iaign  slioidd  at  once  eom« 
mence  a  more  severe  training*  If  tliere  h^  time  to  do  it,  this  should  be 
carried  to  an  extent  even  gi-eater  than  will  he  demanded  in  war,  in  the 
manner  of  the  liomans,  who  trained  their  soldiers  so  severely  in  peace  that 
war  wMs  a  relief.  Footsoreness  is  very  common  at  the  commencement  of  & 
campaign,  and  often  gives  great  trouble, 

Certtdn  changes  in  the  ifood  of  the  men  should  he  made.  The  exertdons 
of  war>  bodily  and  mentid,  are  often  very  great,  and  demand  an  increased 
quantity  of  food,  espcially  in  the  nitrogenous  and  fatty  elements;  an 
increased  amount  of  meat  and  bread,  with  the  addition  of  fat  bacon,  checae, 
and  peas  or  be^ns,  shotdd  be  given,  so  fis  to  bring  the  daily  amotint  of  nitro- 
gen to  375  ar  400  grains,  and  of  carbon  to  5000  grains  daily.  During  the 
war  every  effort  should  be  made  to  get  bread  and  flour  supplied  in  lieu 
biscuit.  As  one  of  the  perils  of  war  is  tlie  occurrence  of  scurvy,  the  supj 
of  fresh  vegetables  should  he  increased ;  if  these  at  all  fail  during  the  ca 
paign,  preserved  vegetables  must  be  issued,  and  the  other  precautions  takfl 
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Expf^rience  has  shown  tliat  in  liundreds  of  campaigns  there  is  a 
amount  of  sickness.     The  almost  universality  of  this  proves  that^  with  evei 

1  The  (»j[aropl«#  «re  DUmeroiiit^  but  the  followiiig  are  often  quot«il.  In  1805  the  French 
Amiy  broke  up  at  Bonlogu^,  and  marchtid  400  leases  (Frencli)  to  figbt  at  Austorliti ;  ttlt 
Vouiig:«5st  soldier  ^^'t\!^  twt>iity-iwo  ycnrs  old  ;  they  left  ecart't'ly  itn}*  ftitk  or  wounded  en  rtmit^ 
In  1809  the  FTHtioh  niurched  from  the  Ueniiaii  jjroviuce.s  to  Vknua ;  uot  half  the  army 
ag^cl  twenty  y«?Ar6  ;  the  hospitalB  were  tilled  with  sick.  lu  1S13  and  1814  the  despi&teh« 
Kapoleou  are  filled  with  coiiiplaiDts  of  the  "  boys  **  wlio  were  ?ieut  him ;  he  said — **  I  mu 
hav«  grown  men  ;  hoys  serve  only  to  enciunber  the  hck^pitals  and  roadsides." 
2  iStiitifiiTi/  RitUs  of  tht  flomatfft  tluriufi  U'«r, 

Vcgetius  {De  He  Miliian\  llb,"iiL  cap.  "2)  says  the  Romans  took  CTtMit  euro  that  the  » 
should  bo  well  supplied  with  good  water,  giWl  jiroviHiotis,  lirewood,  suffi*ucnt  <jiiatit 
wine,  vinegar,  and  imlt.    They  cndeavoure^T  to  ke«p  their  armies  in  good  health   1 
attention — 

1,  To  Situathn ;  avnidine  marshes  and  iLry  nncovered  ground  in  simimer  ;  in  having  t 
freqwcntly  changing  cj!iinj»»  in  suniiocr  and  autumn. 

2.  To  the  Water  ;  for  bail  water  was  comcidered  to  l>e  very  productive  of  diseases. 
'j«  To  the  SttMOfijii  ;  not  eiq>OHirig  men  to  heat.     In  winter,  taking  particular  carv  that 

men  never  were  in  want  of  firewood  or  of  elothingK 

4.  To  Ft/ml  and  Mnticiu^  :  the  ofUcei-a  saw  that  the  men  had  their  regular  mealv^^  and  i 
well  lfJoke<l  after  by  the  eoti»mi8sariat. 

5.  To  Ex^rrciit ;  by  keeping  the  troops  duriitg  the  day-time  in  constant  oxexeUe, — ia  Orjr 
weather  in  the  o[:i«n  air ;  in  time  of  rain  or  i^uow  nndt-r  cover ;  for  exerai»c  was  Ikditfvod  to 
do  a  grvjit  deal  more  for  the  preservation  of  health  than  the  art  of  physic 

The  Prjifeetus-Castrorum  (QuartermftfstLT-Geiteral),  ait  otficer  of  nigh  tank  in  the  Ron* 
anny.  looke*!  after  the  Kick,  and  provided  everything  required  by  the  sui^eoa&     B«>th  Lfc^ 

jind  TacituH   nieution   that   the  commanding  oQiter?*  used  to   visit  the  sick  aikd  1 ^ ' 

soldiers,  to  inquire  if  they  were  well  taken  care  of.     The  grent  health  of  the  Romftft 

was c video tlv  owing  to  their  groat  temperance  ;  their  excellent  wiirm  +■ '  f-  i.-ndt*  of  hiSt^f 

their  earefcilly  kept  camps  ;  the  warm  war  dre^^s  of  sagum^  aud  their  c-  iws. 

Utile*  of  the  Macedonians, — The  only  notice  of  the  meann  by  whit.  i  th«  QrcMl 
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care,  the  conditions  of  war  are  unfavourable  to  health.  The  strenuous 
exertions,  the  broken  rest,  the  exposure  to  cold  and  wet,  the  scanty,  ill- 
cooked,  or  unwholesome  food,  the  bad  water,  and  the  foul  and  overcrowded 
camps  and  tents,  account  for  the  amount  of  disease. 

The  amount  of  illness  varies  with  the  nature  of  the  campaign  and  the 
genius  of  the  commander. 

If  the  records  can  be  trusted,  it  would  seem  that  the  English  have  been 
more  unhealthy  than  the  French  in  their  wars,  but  there  is  no  great  trust 
to  be  placed  in  war  statistics.  In  the  Peninsula  the  mean  daily  number  of 
sick  was  never  below  12  per  cent,  except  for  a  short  time  in  the  lines  of 
Torres  Vedras,  when  it  fell  to  9  or  10.  Sometimes  it  amounted  to  15,  20, 
or  25  per  cent.  In  the  Crimea  the  immense  sickness  of  the  first  winter  is 
even  now  but  too  well  remembered. 

-4rmy  Medical  Regulations,^ 

Before  an  army  takes  the  field,  the  Director-General  will,  on  requirement 
by  the  War  Office,  give  an  account  of  everything  in  the  proposed  scene  of 
operations  which  may  afiect  the  health  of  the  men.  He  issues  instructions 
to  the  Principal  Medical  Officer  on  all  matters  connected  with  rations,  cloth- 
ing, shelter,  precautions  for  preventing  disease,  &c. 

The  Principal  Medical  Officer  inspects  all  proposed  encamping  ground, 
quarters,  &c.,  and  supervises  the  sanitary  arrangements  of  all  camps,  towns, 
hospitals,  &c.  He  advises  the  Commander  of  the  Forces  on  all  matters 
aflPecting  health,  such  as  rations,  shelter,  clothing,  &c.,  and  may,  with  his 
sanction,  issue  instructions  on  such  matters  to  the  medical  officers. 

The  Principal  Medical  Officer  inspects  the  camp  daily ;  accompanies  the 
Quartermaster-General  on  the  march,  and  gives  his  advice  on  all  sanitary 
l>oint8.  He  is  supplied  with  information  to  aid  him  in  his  work  from  all 
Principal  Medical  Officers  of  general  hospitals,  divisions,  and  brigades  in  the 
field. 

Causes  of  Sickness  and  Mortality  in  War, 

The  chief  causes  of  sickness  and  mortality  in  the  English  Army  have 
been — 

1.  Diseases  arising  from  improjyer  and  insuficient  foody  viz.,  general 
feebleness  and  increased  liability  to  malarious  fevers,  dysentery,  diarrhoea, 
&c.,  and  production  of  scurvy  and  scorbutic  dysentery. 

2.  Malarious  disease  from  unhealthy  sites. 

3.  Catarrhs,  bronchitis,  pleurisy,  pneimionia,  rheumatism,  dysentery  (?), 
produced  by  inclemencies  of  weather. 

4.  Spotted  typhus,  kept  up  and  spread  (if  not  produced)  by  overcrowding 
and  uncleanliness. 

5.  Contagious  dysentery,  arising  from  foul  camps  and  latrines. 

6.  Enteric  and  perhaps  other  fevers,  produced  by  foul  camps. 

7.  Exhaustion  and  debility,  produced  by  excessive  fatigue — a  very  great 
predisposing  cause  of  almost  all  other  diseases. 

8.  Cholera,  in  India  especially,  but  liable  to  occur  anywhere. 

9.  Yellow  fever  in  the  West  Indian  and  West  African  campaigns. 


I)re8erved  so  wonderfully  the  health  of  his  small  arniy  seems  to  be  a  statement  that  he  fre- 
quently changed  his  encampins  grounds  {QuinttLs  CurtiuSf  lib.  v.  32).   This  great  soldier  must 
certainly  have  been  acquainted  with  the  art  of  Hygiene. 
1  Army  Medical  Hegulatwnt,  1890,  Part  I.,  paras.  107-163. 
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10.  Plague  in  Egypt^  now  very  imlikely,  but  the  possibility  of 
be  lost  sight  ol 

IL  The  fxanthemata  occasionally. 

12.  Ophthabnia. 

1,^.    Vt^nereal  diseases. 

Of  these  diseases  the  most  fatal  in  fomier  wars  have  been  scorbut 
dysentery  and  typhus.  It  is  indeed  curious  to  see  how  invariably  in  all 
wars  until  «[mte  recently  the  scorbutic  taint  has  occurred,  and  freq^uently  in 
how  early  a  peritxl  of  the  canifjaign  it  can  be  detected.  There  almost  seenm 
to  be  something  in  the  fatigues  and  anxieties  of  war  which  assists  its  de- 
velopment. It  frequently  comjdicates  every  other  disease,  impresses  on 
them  a  peculiar  character,  and  renders  them  very  intractable  to  trenttneni 
This  is  the  case  with  dysentery,  enteric  fever,  malarious  fever,  and  spott 
typhus.  With  the  last  disease,  especially,  it  has  intimate  relations,  and  con 
tributes  apparently  to  its  propagation  by  rendering  the  frame  more  easi]J 
attacked  l>y  the  specific  |K>ison, 

One  of  the  most  impt>rtant  preventive  measures  to  hv  adopteil  in 
is  the  prophylactic  treatment  of  scur\'y-  But  with  a  full  knowledge  of  tlii*, 
the  disease  cannot  always  be  avoided.  The  Federj.!  Americans  were  fnlly 
aware  of  the  necessity  of  combating  it,  and  made  immense  etibrts  to  do  so. 
They  did  not  succeed,  and  so  marked  and  so  general  was  the  scorbutic  taint 
in  their  army,  that  its  combinations  with  enteric  fever  and  malaria  have 
been  looked  upon  as  new  tiiseases. 

In  our  recent  campaigns,  however,  there  has  been  a  great  decrease  in  this 
tendency  to  scurvy,  due  to  the  larger  use  of  preserved  vegeUbles  and  anti- 
scorbutics. 

If  scurvy  could  he  prevented,  every  otlier  war  disease  ought  to  be  com* 
panitively  trilling.     lutlammations  from  exposure,  exliaustion  from  fatigue, 
and  gastro-intcstinal  affections  from  improper  forxl  and  atmospheric  vicisa^H 
tude«,  would  still  occur ;  Init  the  ravages  of  typhus,  enteric  fever,  nialarL^^^ 
and  dysentery  ought  to  be  trilling,  and  easily  prevented,  ' 

If  scurvy  lie  absent,  typhus  fever  is  remlily  treated ;  isolation  and  the 
freest  ventilation  are  certain  to  stop  it.  Tlie  only  great  clanger  woidd  be  ia  i 
a  besieged  and  crowded  fortress.  In  such  a  place  it  may  be  beyond  control,  I 
but  early  recognition  and  prompt  isolatitm,  as  far  as  it  can  be  done,  and  aa  I 
free  ventilation  as  possible,  may  perhaps  stop  it.  It  is  in  such  cases  that  we  I 
should  freely  use  the  nitrous  a«dd  fumes  and  other  disinfecttint  vapours. 

Enteric  fever  an«l  contagious  dysentery,  in  the  same  way,  ought  with  ccr-      I 
tainty  to  be  prevented  in  a  camp.      Recent  experience,  however,  in  Afgha* 
nistan,  iSoutli  Africa,  Egypt,  and  Eumiali,  bus  shown  what  ravages  ent 
fever  can  make,  and  how  rapidly  it  is  gcnemted  and  spread  nmong  troops  i 
cami>aign,  especially  when  the  men  arc  mostly  young.     This  is  certiiinly  dm 
to  the  neglect  of  proper  hygienic  measures.     The  iirst  case  even  should  luakd 
us  take  urgent  measures  for  Uie  cleansing  of  latrines,  or,  better  still,  the 
closing  of  all  the  old  and  the  opening  of  fresh  ones.     But  the  best  plan  of 
aU  is  to  shift  the  encamping  ground,  and  we  should    rememl^3r    the    old 
Roman  maxim,  based  doubtless  on  observation  of  enteric  fevers,  that  thi 
must  lie  done  more  often  in  the  auttmm.     Water  and  food  supplies  must " 
carefully  looked  to. 

The  exanthematix,  measles,  and   scarlet  fever  sometimes  spread 
through  an  army  ;  the  only  plan  is  t^  separate  all  cases,  and  send  tJiem  on 
day's  march  on  the  flank  of  the  array,  if  it  can  be  done,  not  in  the  directio 
of  the  line  of  supplies. 

Plague  probably  demands  the  same  measures  as  typhus. 
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The  measitres  for  cholera  have  been  already  sufficiently  noted. 

The  diseases  of  exposure  can  hardly  be  avoided,  but  muy  bo  lessened  by 
warm  tlotht's  and  %vaterproof  outer  coverings.  Flamiel  should  be  used 
next  the  skizi  all  over  the  trunk  imd  cxtreuiitiess  and  is  india]>cnsable. 
One  of  the  most  important  means  to  ena]>le  troops  ki  stand  inclemencies  of 
wuather,  and  indeed  all  fatigues^  is  hot  foixl.  Coffee  and  tea  are  the  best ; 
imd  hot  spirits  and  water,  though  iLseful  as  an  occasional  measure,  are 
much  inferior,  if  indeed  they  do  any  good  at  all  apart  from  the  >?armth. 
But  the  supply  of  hot  food  in  war  should  be  carefully  attended  to,  especiaUy 
in  the  case  of  breakfast,  after  which  men  will  und^^rgo  without  harm  great 
exposure  and  fatigue. 

It  is  unnecessary  to  enter  at  greater  length  into  the  measures  to  prevent 
the  diseases  of  war,  for  the  proper  plaiLS  have  been  all  cniimerated  pre- 
viously. We  may  conclude  only  that  much  can  be  done  to  prevent  disease, 
but  we  must  also  renieuiher  that  the  course  of  campaigns  sometimes  is  too 
violent  and  overpowering  for  our  eflbrts,  and  that  wars,  like  revolutions, 
will  never  l>e  made  with  rose  water. 
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Eecapiiuiatifm  of  ike  Duties  of  a  Sanitary  Office  duntig  War, 

To  go  forward  with  the  officers  of  the  Quartermaster-Gene ral's  depart 
ment,  to  choose  the  camping  ground ;  arrange  for  surface  drainage ;  if 
necessarily  in  a  malarious  i>lace,  make  use  of  all  obstacles,  m  hills,  trees> 
&c.,  to  throw  off  the  malaria  from  the  tents ;  place  the  tents  with  the 
openingB  from  the  malarious  quarter.  If  possible,  never  take  low  hills 
(100  to  250  feet)  above  marshy  plains.  Arrange  for  the  water  supply,  and 
for  the  service  of  the  men,  animals,  and  Avashing.  As  soon  as  possible  fix 
the  sites  for  the  latrines ;  have  them  dug  out,  and  make  dry  paths  to  them. 
As  soon  as  tlie  touts  are  pitched,  visit  the  whole  camp,  and  see  that  the 
external  ventilation  is  not  blocked  in  any  way,  and  that  the  tents  are  as 
far  off  each  otlier  as  can  be  permitted.  Assign  their  work  to  the  scavengers, 
and  mark  out  the  places  of  de]K>sit  for  refuse.  It  is  of  the  gi^mtest  im- 
portance that  all  refuse  slioidd  lie  immediately  and  com]dettdy  destroyed 
by  lire.  The  destruction  of  the  stocds  of  ent^^ic,  dysenteric,  and  choleraic 
patients  by  the  same  means  would  probably  prove  a  most  im[Hirtant  pre- 
caution. The  daily  ins2>ection  should  include  all  these  points,  as  well  as 
the  insiMfction  of  the  food  and  cooking,  and  of  the  slaughterdiouse-s.  If 
the  camp  be  a  large  one,  a  certain  portion  should  be  selected  every  day 
for  the  careful  inspection  of  the  individual  tents,  but  it  should  l>e  made 
in  no  certain  order,  that  the  men  may  not  prepare  specially  for  Uie 
insjiectioii. 

A  set  of  rtdes  should  be  drawn  up  for  the  men,  pointing  out  the  necessity 
of  ventilation,  cleanliness  of  their  pcj^ims,  tents,  and  ground  around  them 
and  ordering  the  measiu'cs  which  are  to  he  adopted.  This  will  have  to  Im 
promulgated  by  the  General  in  command. 

In  the  daily  work,  a  certain  order  and  routine  should  be  followed,  so  that 
nothing  shall  be  overlooked. 

The  Sanitary  (Jfficer  of  a  large  camp  can  never  perform  his  liuties  with- 
out the  most  unremitting  su]>jKjrt  from  the  medical  officers  attached  U* 
regiments,  who  are  the  simitary  officers  of  their  respective  corps.  Not  only 
must  they  inspect  their  own  regimental  camps,  but  by  an  immediate  rep(»rt 
to  the  Hanitary  Officer  of  any  disease  which  can  ]:K>ssibly  be  traced  to  some 
canii>  impurity^  they  should  render  it  fKJssible  for  tlie  comjnencing  evil,  of 
wdiatcvcr  kind,  to  be  detected  and  checked. 
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As  early  as  possible,  every  morning  the  number  of  men  reported  sick 
from  each  regiment  should  be  made  known,  and  a  calculation  made  of  siek 
to  strength,  and  then,  if  any  regiment  showed  any  excess  of  sick,  the 
sanitary  state  of  its  camp  should  be  specially  and  thoroughly  investigated. 

Field  Organisation. 

The  organisation  of  medical  aid  for  troops  in  the  field  consists  of  the 
following  parts : — ^ 

1.  To  each  battalion  of  infantry,  regiment  of  cavalry,  and  company  or 
troop  of  engineers,  and  to  every  three  batteries  of  artillery,  is  attached  a 
medical  officer,  to  afford  such  temporary  assistance  to  sick  and  wounded  as 
may  be  required  in  camp,  on  the  line  of  march,  and  in  action.  He  will  be 
furnished  with  a  corporal  and  a  private  as  orderly  from  the  regiment ;  and 
the  trained  beareps  of  the  corps,  in  the  proportion  of  two  men  per  company, 
will  be  placed  at  his  disposal,  to  render  first  aid  to  the  wounded,  keeping 
always  in  close  proximity  to  their  corps. 

2.  To  each  brigade  of  infantry  and  cavalry  is  attached  a  bearer  company, 
consisting  of  3  medical  officers  and  61  men  of  the  Medical  Staff  Corps. 
In  action  the  company  is  divided  into  (1)  two  stretcher  sections,  each  of  1 
sergeant  and  16  privates,  and  one  of  which  is  under  a  surgeon  ;  (2)  a  collect- 
ing station,  imder  a  sergeant ;  (3)  the  ambulances ;  and  (4)  a  dressing  station, 
under  a  surgeon-major,  assisted  by  a  surgeon. 

The  stretcher  sections  are  divided  into  detachments  of  4  men  each 
These  detachments  will  bring  the  wounded  to  the  collecting  station,  being 
assisted  in  this  by  the  trained  regimental  bearers ;  thoy  will  then  imme- 
diately return  to  the  scene  of  action. 

The  collecting  station  will  usually  be  under  shelter,  but  as  near  the  fight- 
ing line  as  is  consistent  with  safety.  Here  will  rendezvous  the  ambulances, 
which,  as  they  are  loaded  with  wounded,  are  moved  off  to  the  dressing 
station,  and  having  deposited  them,  immediately  return  to  the  collecting 
station. 

The  dressing  station  will,  if  possible,  be  out  of  fire,  advjintage  being  taken 
of  any  available  buildings  or  shelter,  and  of  a  good  supply  of  water.  The 
medical  and  surgical  equipment,  medical  comfort^,  with  ])eef  tea  and  stimu- 
lants in  readiness,  and  the  water  carts  will  be  assembled  here ;  if  no  building 
is  available,  a  tent  will  be  pitched.  Additional  medical  officei*s  and  men 
may  be  lent  from  the  field  hospitals  to  the  dressing  and  collecting  stations  if 
required.  After  the  wounded  are  dressed,  they  will  ])e  placed  in  the  ambu- 
lances, or  other  sick  carriage  of  the  second  line,  and  taken  to  the  field 
hospital.  Each  bearer  company  is  provided  with  ten  ambulance  waggons 
(when  wheeled  transport  is  available),  of  which  four  are  intended  to  ply 
between  the  collecting  and  the  dressing  stations,  and  six  between  the  dressing 
station  and  the  field  hospital. 

3.  To  each  brigade  is  attached  a  field  hospital  of  100  beds,  the  personnel 
consisting  of  4  medical  officers,  a  quartermaster,  a  warrant  oflScer,  7 
sergeants,  and  32  rank  and  file  of  the  Medical  8taff  Corps.  This  hospital  is 
capable  of  being  divided  into  two  halves  of  fifty  beds  each.  To  each  infantry 
division  is  attached,  in  addition,  a  field  hospital  in  reserve ;  and  an  army 
corps  has  a  field  hospital  as  well  for  corps  details.  A  cavalry  division,  con- 
sisting of  two  brigades,  has  the  same  provision  as  a  division  of  infantry. 

Thus,  for  an  entire  army  corps  of  34,984  of  all  ranks,  there  are  provided 

1  For  full  details  see  Regulations  for  Medical  Senices,  1890,  Part  I.,  Part  II.,  para.  315 
and  A  pp.  No.  .56. 
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aix  fielii  hospit'ilti  with  the  six  brigades,  a  field  liospiUil  with  each  division, 
or  throe  in  all,  und  ono  other  for  the  corps  details,  giving  alt«?gether  ten 
hospitals,  or  1000  beds,  for  35,000  men,  or  about  3  per  coot  of  hospital 
accommudatioiij  in  the  second  line. 

On  the  line  of  eoniniutiications,  stationary  held  hospitalB,  of  200  be<ljs 
e^ich,  are  estixbhshed  at  as  many  points  as  may  be  coii<?idered  necessary ; 
these  are  divisible  into  four  indf^pendent  eections  of  50  bedn  each.  It  is 
fstirnaLed  that  for  the  line  of  (Xim nam i cations,  consisting  of  100  miles  of 
river,  50  milea  of  railway  and  50  miles  of  road  {of  course  these  Jignres  are 
only  UVon  as  an  ajijiroximate  guide),  there  will  lie  eight  stationary  hospitals. 
For  a  field  force  con.si sting  of  an  army  corps,  with  a  division  of  cavalry  and 
comprising  in  the  tield»  and  at  the  base,  and  on  the  line  of  comninnicationi% 
a  gi'and  total  of  53,900,'  there  are  therefore  provided  lOOO  beds  in  the  Held 
hospitils,  ICOO  beds  in  the  stiitionary  hospitels,  and  1000  l>eiLs  at  the  base, 
in  all  3600  liede,  or  accommoiLdion  for  almut  7  per  cent,  of  the  whole  force. 

Slight  cases  woidd  be  treated  in  the  field  hospitals,  but  all  cases  hkely  to 
tiike  any  time  should  be  sent  to  the  rear  of  operations  as  soon  as  ptissihle, 
Ciises  of  fever  (typhus  and  enteric)  ought  to  be  removed  as  soon  as  [Ktssihie 
far  from  the  tieUl  force*  It  is  of  great  importance  that  they  should  iiot  Ijh 
put  near  surgical  cases,  which  ought  to  be  kept  separate,  or  mixed  otdy 
witli  non-communicable  dlseivscs.  This  (the  separation  of  fever  from  surgical 
cases)  was  a  IV-nlnsular  rule  of  Sir  James  M*Grigor,  and  shoidd  never  be 
forgotten.     ( )pht!ialmie  cases  imght  also  to  be  isolated. 

It  is  of  great  importance  to  keep  cuntinually  sending  patients  from  the 
field  hospitals  with  the  army  to  the  hospitals  in  rear.  It  is  not  unly  to  keep 
the  hospitals  in  front  empty  for  emergencies,  imd  to  faciyt4itc  all  movement 
of  the  army,  but  it  ha;d  a  great  eiTeet  on  the  army  it^'^elf,  A  great  hospital 
full  of  sick  is  a  dishearfceninj:j  sjwctacle,  and  often  damps  the  spirits  of  the 
bravest  men.  The  whole  arnjy  is  higher  in  hope  and  spirits  when  tlie  sick 
are  removed,  as  was  shown  remarkably  by  the  Austrian  ext>erii"nc*.  <tf  1859. 
The  sick  themselves  are  greatly  benefited  by  the  removal ;  the  change  of 
ficene^  of  air,  rjf  ideas,  has  itself  a  marveUous  eflect,  and  this  is  another  great 
reason  for  consUmtly  e  vacua  ting  the  sick  from  the  hospitals  in  front. 

The  men  who  are  reported  for  hospital  in  war  must  be  divided  into  several 
classes^ 

L  Slightly  wounded  should  be  treated  in  the  tiehl  hospitals,  and  then 
return  t«>  duty. 

2.  Severely  wounded  at  first  in  tlie  field  haspitals^  then  passed  on  to  the 
base,  as  convalescpuoe  is  always  long. 

3.  Slight  colds,  diarrhffia,  <S:c.,  ti-eated  in  the  field  hospitals, 

4.  Severer  colds,  bronchitis,  pleurisy,  pneumonia,  dysentery,  <fec.,  should 
be  sent  at  (mce  to  the  stationary  field  hospital,  and  then  to  the  base  as  soon 
as  they  can  move  with  safety. 

5.  Typhus  fever  should  he  sent  at  once  to  an  isolation  hospital  in  rear,  if 
possible  without  entering  the  field  hospitals, 

6.  Enteric  cases,  also,  should  be  sent  to  the  rear,  and,  in  fact,  all  severe 
cases,  The  field  hospitals  should  be  always  almost  emi*ty,  and  ri'ady  for 
emergencies. 

The  hospitals  on  the  lino  of  communications  may  be  even  two  or  three 


>  Viz. :— Arniy  corps,    , 
Cavoiry  divixiou, 
Lujc  of  commtmicatioaa, 


TotAl, 


>.f>nn 
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days'  journey  otf,  if  Luiiveyance  be  by  wat*?r»  or  one  or  twi*  dajrs  if  by  wil 
Sick  and  wounded  men  be^r  movement  wonderfully  well,  witli  proper  eppli- 
ances,  and  are  Liften  indeed  benefited. 

The  proper  position  for  the  general  hospital  at  the  base  of  aperatioa8»  mutt 
be  fixed  by  the  conminnder  of  the  foree.^  at  the  commencement  of  the  cam- 
paign, as  he  alone  will  laiow  what  point  will  be  the  base  of  supplies^  and  it 
is  of  ira]>ortance  to  have  this  great  hospital  near  the  large  stores  which  an 
collected  for  the  campaign. 

It  seems  nuw  quite  clear  that  tlie^ne  ho.^pitals  should  not  be  the  ordinary 
buildings  of  the  comitry  adapt«3d  as  bosjiitids.  Such  a  me,%sure  seldom  sue- 
ceeds,  and  the  mere  adaptation  is  oxii^nsive,  tliougb  probalily-  always  imiief- 
fect.  Churches  should  never  l>e  takeUj  as  they  are  not  only  cold,  but  ofl^i 
damp,  and  there  are  often  exhalations  from  vaults. 

The  Freucli,  Austrian,  and  American  ex[)erience  is  in  favour  of  Imviog 
the  hospitals  in  rear  made  of  tents  or  w<x>den  huts.  The  huts  are  perhaf* 
the  best,  esiwcially  if  the  winter  be  cold.  They  were  very  largely  uschI  by 
the  Federal  Americans,  who  gave  up  entirely  converting  old  building*  inlA 
hospitida.  The  best  huts  which  were  used  in  the  Russian  war  of  1854-56 
were  those  erected  at  Rcnkioi  from  ^Ir  llruneFs  design ;  each  held  fifty  men 
in  four  rows.  Tliis  |il;in,  luiwever,  is  not  so  good  a  om^  as  ha\'iiig  only  two 
rows  of  heds.  Hamuioud  ^  stiitcs  that  in  the  jVmerican  War  the  best  sijte  has 
been  found  to  he  a  ward  for  lifty  men  with  two  rows  of  beds ;  length  of 
ward,  175  feet;  width,  25;  height,  14  feet;  superficial  area  per  man,  31 
feet;  culac  s]mce  per  man,  1^200  feet.  Ventilation  was  by  the  ridgi?,  all 
opening  10  inches  wide  running  the  whole  lengtli,  and  by  openings  below^ 
which  could  he  more  or  less  closed  by  sliding  doors.  Some  of  the  American 
hospitals  held  from  2000  to  2800  beds.-  It  is  probable,  however,  thai 
smaller  wards  (for  26  men)  would  be  better.  The  huts  used  at  Suakim  in 
1885  were  of  wcMid,  the  upper  half  of  the  walls  movable,  or  provided  with 
bamboo  chicks  or  matting.  Roof  of  cork,  covered  with  Wille.Hcien  watri^ 
proof  jiaper,  and  ventilated  by  means  of  metal  cowls.  Number  of  beth; 
12  ;  with  850  cubic  feet  eacli.  Tlie  floor  was  raised  18  inches  above  the 
ground."*    The  Docker  hut  is  largely  used  in  Gcnuany. 

An  bospittil  constructed  of  such  huts  can  be  of  any  size,  but  there  most 
be  eeveral  kitchens  and  laundries  if  it  he  very  large.  If  space  permit, 
howevei*,  it  seems  desirable  to  have  rather  a  collection  of  smaller  hospitaU 
of  500  beds  each,  separated  by  half  a  mile  of  distance,  than  one  Iatob 
hospital. 

The  arrangement  of  the  huts  must  be  made  according  to  the  principle 
already  laid  down.     Dr  Hammond  writes  thus  of  these  h<jspitals  : — 

**  It  will,  ]ierhai}s,  not  he  out  of  place  again  to  insist  on  the  great  ad- 
vanUiges  of    these  temi>orary  field   hospitals  over  those  located  in  per 
neut  buililings  in  towns.      Nothing  is  better  for  the  sick  and   wound* 
wiut<^r  and  summer,  than  a  tent  or  a  ridge-ventilated  hut.     The  Bxpet 
gained  duiing  the  present  war  estiddishes  tliis  point  beyond  the  possil 
of  a  doubt.     Crises  of  erysipelas  or  of  hospital  gangrene  occurring  in  the^ 
buildings,  which  were  at  one  time  unavoidably  used  as  hospitals,  but  whic 
are  now  almost  displaced   for  the  ridge- ventilated   pavnlions,  immc^dinte^ 
commenced  to  get  weU  as  soon  a^    removed   to    the  tents.      But    in  on 
LDBtance  that  has  come  to  my  knowledge  has  hospital  gangrene  originat 


1  Oft  Hjfijirnfx  p.  355. 

3  See  R^iKirt  on  Hygiene,  ia  thu  Jrmy  M^Hmd  Rrport  for  1862;  p.  845  r/  m-i,  ,  for  «  fiiBw 
dcAoHpiioii. 
»  AM.D,  RepcrU,  ▼©!  Jcxvi. 
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m  a  wooden  pavilion  liospitnJ,  ami  in  no  inskiucef  as  far  as  I  am  aware,  iu  a 
tent  Hospital  gangr^n*^  hni^  been  exceedingly  rare  in  all  our  hospitals,  Init 
two  or  thref^  hundred  eases  o(icnrTinf(  among  the  many  woiindedj  amounting 
to  over  100,000  of  the*  loyal  and  reltel  troopa,  which  have  been  treated  in 
th(*m.  Agfiin,  wounds  Leal  more  rapidly  in  them,  for  the  reason  that  the 
full  benefit  of  the  fresh  air  and  the  light  are  obtained.  Even  in  fraetures 
tlte  heueticiul  effeets  are  to  be  remark tnb"* 

liaroti  Larrey,  iu  Ids  useful  work,-  describes  the  pkn^  adopted  by  the 
Frencli  in  the  Italiiin  War  of  1850.  At  Constantinople,  during  the  Crimean 
Wiir,  the  French  were  apparently  very  well  instaDed  ;  tlio  liest  buUdiiiga  in 
CouHUntinople  were  ajssigned  t^j  ihem,  and  tliey  were  arranged  with  alJ  the 
accuracy  of  {irganisation  wdnch  distinguishes  the  Fi'ench,  Tlu^  results  were 
not^  however,  favourable,  eHpecially  in  tlie  spring  of  1856,  when  typhus 
Bpread  through  many  of  the.  hospitals  and  caused  great  morUdity.^  Taxight 
by  thiK  experience,  in  tlie  Itaban  War  of  1859  the  French  distributed  their 
sick  in  small  hospitals  wherever  tbey  coidd  tind  a  building,  and  in  this  way 
the  extension  of  the  speciiie  diseases  was  entirely  sto]iped. 

In  the  Franco-Prussian  War  of  1870-71  the  Germans  made  great  use  of 
tem|xjriiry  hospitals,  and  distrihutcd  their  sick  and  wounded  over  almost 
the  whole  of  Germany.  The  plan^  were  very  similar  to  those  used  in  the 
Crimean  and  jVmencan  Wars.  In  some  of  the  large  cities,  as  at  Berlin, 
immense  hospitiils,  with  railways  and  every  appliance,  were  fitted  up.  The 
experience  as  regards  hospital  gangrene  and  erysipelas  was  favourable,  but 
there  were  many  casea  of  pyjeniia  in  some  of  these  hospitals. 

^Vlienever  practicable,  the  base  hospital  shoidd  have  Tvater^elosets  and 
sewem.  At  Renkioi,  lu  Turkey,  Mr  Brunei  supplied  square  wooden  sewers 
about  fift-een  inches  to  the  side  ;  they  were  tarred  inside,  and  acted  most 
admirably,  without  leakage,  for  fifteen  niontJjs,  till  the  end  of  the  war.  The 
water-cltiset^  {Jennings'  simple  sipliun),  arranged  witli  a  small  wat^u'-box 
lx>lnw  the  cistern  to  economise  %vater,  never  got  out  of  ortler,  and,  in  fact,  the 
drainage  of  the  hospittd  w^aa  Htendly  |jerfeet  Dr  I'arkes  bad  little  doubt 
8ucli  well-tarred  woijden  sewers  would  ktst  two  or  three  years. 

There  is  <me  danger  about  w^nideu  hospitals,  viz.,  that  of  fire.  The  huts 
should,  therefore,  on  this  ground  alone,  be  widely  st^parated  ;  each  hut 
should  have,  about  ten  feet  from  it^  an  iron  box  for  refuse.  Wooden  boxes 
do  not  tmswer,  as  in  the  winter  live  cinders  get  thrown  in,  and  there  is 
danger  of  fire.  These  Ixixes  should  be  emptied  every  morning  by  the 
scavengers,  and  the  contenU  liurned  as  soon  as  jiossible.  There  should  be 
an  abundant  supply  of  |aire  water. 

The  anangement  of  the  buildings  is  a  simple  matter,  but  must  partly  be 
dcti5rmine<l  by  the  ground.  Long  i>pon  lines  are  the  best.  2\n  hospital  of 
this  kind,  completely  prepared  in  England,  can  be  put  up  at  a  very  nipid 
rate/  supposing  there  be   no  great  amount  of  earthwork,  and  that  the 


1  On  ffjffime^  n.  8^7. 

-  NiilUf  aiir  ^iiytjiinf.  dea  HdpUtiHjR  MilitaireM^  18*52. 

3  Lamsy  nientioiis  some  HtrikiuK  iiinUnoes  of  the  eCTects  of  Qv»rcroW(iiug.  At  Rami* 
Tehiffltck  tlie  hoHipital  was  fixed  for  900  by  tht*  Hurgfou  in  clmrgtj,  who  jLllowtMi  no  innrci  ;  it 
remained  li^jiltliy.  His  jmuceHsor  iiicrtMi««*d  rhe  hMa  to  1200  and  tbea  to  HOO,  Tvpliua 
1>ecajn«  nio«t  sevtrts,  and  npared  no  on«?  {ni  ivjinni<e^rx^  ni  jumirx^  ni  midf^'inA)^  In  llm 
llQ^pitAl  at  Pera  tlior«f  was  the  iMiiiie  mL'^takc'^aud  the  wiine  reiiultH.  Typhun  cnu-«i*tl  W>  frtsr 
cent,  of  the  ileathii.  At  the  huS| titbit  of  tlie  Itlcole  Milit-iire  no  crowding  w/u>  pennittcd*  aod 
tvfihufl  catiiuy]  only  10  per  c«iit»  of  th<?  dfMith*.  Iti  th«  FrtMieh  mnhuUnii'S  m  tht^  Crimiwi  the 
Nanu?  faots  were  aoUcea.  Double  and  Irtbk  tuimlwtni  were  crowded  into  Honie.  and  they  wore 
ravajit^d  by  typha*  ;  olher»  were  not  aliowtnl  to  be  rrowded,  ajjd  had  little  typhus. 

^  The  bospitiil  at  KenVioi,  in  I'urkey*  iu  tlie  Crinieaa  war,  was  made  of  such  large  huts 
{50  nieu  iu  each)  that  \!U  rapidity  of  erection  U  no  guide  to  others ;  yet  it  was  inarvtilloudy 
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supply  of  wat«r  anil  outlet  for   sewage  be   coiivenieiit.     hn  iliat,  if  co 
ineut:ed  at  once  at  the  Ijcgiutiing  of  a  campaign,  acconimodatioa  would  sooti 
be  ju'ovided. 

Circumstances  may  of  course  render  it  necessary  to  take  existing  huilcling* 
for  hospital  purp<jses,  but  it  ought  always  k>  be  remembered  that  it  is 
running  a  very  great  risk,  and  nothing  but  rigid  necessity  ought  to  sanc- 
tion it. 

Lanndrp  EstahUithjnent. — Tlu^  part  of  an  hospitil  must  he  organiaed  as 
early  and  as  perfectly  as  possible.  The  diflerent  parte  must  be  sent  out 
friim  England,  viz.,  boiler,  dry iug-e lose tj  wfishing-muehijies,  and  wringing- 
mnchiiics,  and  disinfection  apparatus  by  moist  heat.  The  washing  in  war 
can  never  be  properly  ilone  by  the  people  among  whom  the  war  is  carried 
on.  Every  appliance  to  save  labour  must  be  used,  and  after  calculating 
what  anioimt  of  laundry  work  has  to  be  done  for  a  presumed  number  of  siek, 
just  twice  the  amount  of  apparatus  should  be  sent  out,  partly  to  insure  against 
breakage,  partly  to  meet  moments  of  great  pressure.  The  drying-closet, 
especially,  is  a  most  important  part  of  the  laundry,  as  its  beat  can  be  used 
to  disinfect. 

Amount  r/f  Hospital  AccommodatioH. — This  must  not  be  less  than  for  10 
[>er  cent,  of  the  force,  witli  reserve  tents  in  rear  in  case  of  need. 

Cemeteries  in  Wiir  must  he  as  far  removed  as  possible ;  the  graves  dug 
deepj  and  peat  charcoal  tlirown  in  if  it  can  he  procured.  Lime  is  generally 
used  instead,  but  is  not  quite  so  gootL  If  charcoal  cannot  he  got,  lime  must 
be  used.  If  the  army  is  warring  on  the  sea-coast,  burial  in  the  sea  might 
be  employed.  But  cremation  wouLl  he  bestj  and  forms  of  ambulatory 
furnaces  have  been  proi>osed. 

Sanitur^  Dtittes  cuimrrled  with  a  Wiw  IIospUaL — In  addition  Xaj  the  usual 
sanitary  duties  of  an  hospital,  there  are  one  or  two  points  which  require 
particular  attention  in  the  lield. 

The  first  of  these  is  the  ptissiblc  conveyance  of  disease  by  the  exceedingly 
dirty  clotheSj  which  may  perhaps  have  been  worn  for  weeks  even  without 
removal,  in  the  hard  times  of  war,  Typhmn  especially,  can  be  ciu^ried  in 
this  way. 

To  provide  for  this,  every  hospital  should  have  a  tent  or  building  for  the 
reception  of  the  clothes ;  lie  re  they  should  be  sorted,  freely  exposed  to  ab, 
and  the  dirty  flannels  or  other  Jiltliy  clothes  picked  out.  Borne  of  these  are 
so  bad  that  they  should  at  once  be  burnt,  and  the  Senior  Medical  Officer 
should  have  autliority  given  him  to  do  this,  and  to  replace  the  articles  from 
the  public  store» 

The  articles  which  are  not  so  bad  should  be  cleansed.  Thorough  lx>iling, 
and  soaking  In  chloride  of  limej  will  in  most  cases  be  sufficient  and  prac- 
ticable. For  dismfectioUi  a  proper  appsiratus  a*^cording  to  some  approved 
system,  as  descrilied  in  the  Chapter  on  DisiNFEeriox,  should  be  provided ; 
jiortable  disiiifectors  for  field  service  are  now  in  use  in  most  Continental 
annies. 

Another  ]joiiit  of  importance  is  to  I>athe  the  men  as  soon  as  possible. 
The  means  of  ablution  at  the  base  hospital  sliould  be  on  a  large  sode,  and 


toon  put  np.  Tht  first  beam  was  laid  on  tlie  '24th  M»y  1855  ;  on  tbe  12th  July  it  was  reported 
ready  for  300  siok,  every  wawl  haviDg  water  laid  on,  baths  and  closets,  and  an  it  an  kitchen  and 
Iftundt*)-  Iwiug  also  ready  j  on  the  llth  August  it  wa;*  rtsady  for  5O0,  and  on  the  Itb  DecemlMjr 
for  1000  aick.  In  January  1  S.'ifi  it  was  tvady  for  1500  sick,  and  in  a  short  tiiae  more  2200  could 
have  been  received.  Ttic  miniber  of  fiuglinh  artisans  wan  only  forty,  but  we  had  native  work- 
men, and  if  we  had  bjul  eighty  English  artisan!!  It  would  haveljeuin  ready  for  1000  si(^k  tn  thivcr 
months.  SniaIlt?rlmtJi  ooidd  l>e  put  uj>  in  uitich  less  time  if  the  ground  reqtiirc*  no  temcitig. 
Tbe  DoBcker  hut  cau  be  put  up  in  a  few  haura. 


SIEGES.  675 

the  means  for  getting  hot  water  equally  large.  The  men's  heads,  if  lousy, 
should  be  washed  with  a  little  weak  carbolic  acid,  which  kills  the  lice  at 
once.     The  smell  is  not  agreeable,  but  that  is  not  of  real  consequence. 

In  a  war  hospital,  also,  the  use  of  antiseptic  dressings,  the  employment 
of  disinfectants  of  all  kinds,  and  perfect  cleanliness,  is  more  necessary 
than  in  a  civil  hospital. 

As  a  matter  of  diet,  there  should  be  a  large  use  of  antiscorbutic 
food,  vegetables,  &c.,  and  antiscorbutic  drinks  should  be  in  every  ward, 
to  be  taken  ad  libitum — citric  acid  and  sugar,  cream  of  tartar,  &c.  The 
bread  must  be  very  good,  and  of  the  finest  flour,  for  the  dysenteric  cases. 

Sieges. — The  sanitary  duties  during  sieges  are  often  difficult.  Water  is 
often  scarce,  disposal  of  sewage  not  easy,  and  the  usual  modes  of  disposal 
of  the  dead  cannot,  perhaps,  be  made  use  of.  If  sewage  is  not  washed  away, 
and  if  there  is  no  convenient  plan  of  removing  it  by  hand,  it  must  be  burnt 
Mixing  it  with  gunpowder  may  be  adopted  if  there  is  no  straw  or  other 
combustible  material  to  put  with  it. 

For  sieges,  as  vegetables  are  sure  to  fall  shorty  a  very  ample  supply  of 
lemon-juice  and  of  citric  acid,  citrates,  and  cream  of  tartar  should  be  laid 
in,  and  distributed  largely. 

One  other  point  should  be  brought  to  the  notice  of  the  General  in  com- 
mand. In  times  of  pressure,  every  man  who  can  be  discharged  from  the 
hospital  is  sent  to  the  front  This  cannot  always  be  avoided.  But  when 
there  is  less  pressure,  the  men  should  go  from  the  rear  hospitals  to  a  depdt, 
and  while  there  should  still  be  considered  undej  medical  treatment,  so  that 
they  may  not  too  soon  be  exposed  to  the  hardships  of  war.  They  should, 
in  fact^  be  subjected  again  to  a  sort  of  training,  as  if  they  were  just  enter- 
ing on  the  war.  If  this  is  not  done,  a  number  of  sickly  or  half-cured  men 
get  in  the  ranks,  who  may  break  down  in  a  moment  of  emergency,  and 
cause  great  difficulty  to  the  Greneral  in  command.  Some  officers  think  that 
a  man  should  either  be  in  hospital  or  at  his  full  duty ;  this  seems  a  misap- 
prehension both  of  the  facts  and  of  the  best  way  of  meeting  them.  To 
transfer  a  man  just  cured,  from  the  comforts  of  an  hospital  at  once  to  the 
fronts  is  to  run  great  danger.  A  dep6t,  which  should  be  a  sort  of  con- 
valescent hospital,  though  not  under  that  term,  is  the  proper  place  to 
thoroughly  strengthen  the  man  just  recovered  for  the  arduous  work  before 
him. 


BOOK  III. 


CHEMICAL  AND  MICROSCOPICAL  ANALYSES. 

CHAPTER   L 
EXAMINATION  OF  WATER  FOR  HYGIENIC  PURPOSES. 

The  analysis  of  water  for  hygienic  purposes  has  for  its  object  to  ascertain 
whether  the  water  contains  any  substances  either  suspended  or  dissolved 
which  are  likely  to  be  hurtful.  There  are  some  substances  which  we  know 
are  not  likely  to  do  any  harm,  such  as  carbonate  of  sodium,  calcium,  and 
magnesium  in  small  quantities.  Others  are  at  once  viewed  with  suspicion 
as  indicating  an  animal  origin,  and  therefore  being  probably  derived  from 
habitations  or  resorts  of  men  or  animals,  or  from  decaying  bodies.  In  other 
cases  substances  in  themselves  harmless,  such  as  nitrates,  nitrites,  and  am- 
monia, are  suspicious  from  implying  the  coexistence  of,  or  the  previous 
contamination  of  the  water  by,  nitrogenous  substances.  The  difficulties  in 
the  hygienic  examination  of  water  are  not  inconsiderable.  A  judgment 
must  be  generally  come  to  from  a  collation  of  all  the  evidence,  rather  than 
from  the  results  of  one  or  two  tests. 

Collection. 

Great  care  must  be  taken  that  a  fair  sample  of  the  water  is  collected  in 
perfectly  clean  glass  vessels  (not  in  earthenware  jars) — Winchester  quarts, 
which  hold  about  half  a  gallon,  and  can  be  obtained  of  most  chemists,  are 
most  convenient ;  they  should  be  repeatedly  washed  out  with  some  of  the 
water  to  be  examined.  In  taking  water  from  a  stream  or  lake,  the  bottle 
ought  to  be  plunged  below  the  surface  before  it  is  filled.  In  drawing  from 
a  pipe  a  portion  ought  to  be  allowed  to  run  away  first,  to  get  rid  of  any 
impurity  in  the  pipe.  In  judging  of  a  town  supply,  samples  should  bo 
obtained  direct  from  the  mains,  as  well  as  from  the  houses.  The  bottle 
should  be  stoppered ;  a  cork  should  be  avoided,  except  in  great  emergency, 
but  if  used  it  should  be  quite  new,  well  tied  down,  and  sealed.^  No  luting 
of  any  kind  (such  as  linseed  meal  and  the  like)  should  be  used. 

For  a  complete  sanitary  investigation  half  a  gallon  is  necessary,  but  ^vith 
a  litre  or  a  couple  of  pints  a  pretty  good  examination  can  be  made  if  more 
cannot  be  obtained.     If  a  detailed  mineral  analysis  is  required  (which  will 

1  See  Medical  Regulations.  1890,  Part  I.  para.  41,  and  R.E.  Regulations^  1889,  T>aras, 
685-692. 
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only  be  seldom)  a  gallon  ought  to  be  provided.  It  is  always  advisable  to 
have  a  good  supply  in  case  of  breakage  or  accident.  The  E.  E.  Regulations 
direct  two  Winchester  quarts  of  each  sample  to  be  sent.^  The  examination 
ought  to  be  undertaken  immediately  after  collection,  if  possible.  If  this 
cannot  be  done,  then  as  short  a  time  as  may  be  should  be  allowed  to  elapse, 
for  changes  in  the  most  important  constituents  take  place  with  great  rapidity.^ 
Pending  examination,  it  ought  to  be  kept  in  a  dark  cool  place. 

The  fullest  information  ought  always  to  be  furnished  with  the  sample,  the 
following  being  the  most  important  particulars : — 

Information  to  be  furnished  with  Samples  of  Water, 

1.  Source  of  the  water,  viz.,  from  tanks  or  cisterns,  main  or  house  pipe, 

spring,  river,  stream,  lake,  or  well. 

2.  Position  of  source,  strata  so  far  as  they  are  known. 

3.  If  a  well ;  depth,  diameter,  strata  through  which  sunk,  whether  im- 

perviously steined  in  the  upper  part,  and  how  far  down.  Total 
depth  of  well  and  depth  of  water  to  be  both  given.  If  the  well  be 
open,  furnished  with  cover,  or  with  a  pump  attached. 

4.  Possibility  of  impurities  reaching  the  water:   distance  of  well  from 

cesspools,  drains,  middens,  manure  heaps,  stables,  &c. ;  if  drains  or 
sewers  discharge  into  streams  or  lakes ;  proximity  of  cultivated  land. 

5.  If  a  surface-water  or  rain-water,  nature  of  collecting  surface  and  con- 

ditions of  storage. 

6.  Meteorological  conditions,  with  reference  to  recent  drought  or  excessive 

rainfalL 

7.  A  statement  of  the  existence  of  any  disease  supposed  to  be  connected 

with  the  water  supply,  or  any  other  special  reason  for  requiring 
analysis. 
Any  further  information  that  can  be  obtained  will  always  be  useful    Each 
bottle  should  also  be  distinctly  labelled,  so  as  to  correspond  with  the  official 
letter  or  invoice. 

When  it  is  possible,  it  is  most  desirable  that  the  medical  officer  or  analyst 
should  visit  the  locality  itself  whence  the  water  is  obtained ;  in  this  way  he 
may  obtain  information  which  might  otherwise  escape  him.  If  the  analysis 
can  be  made  immediately  on  the  spot,  it  will  be  all  the  more  valuable. 


SECTION  I. 
Physical  Examination  op  Water. 
The  following  points  are  to  be  noted  : — 


1. 

Colour. 

4. 

Lustre. 

2. 

Clearness. 

5. 

Taste. 

3. 

Sediment. 

6. 

SmeU. 

1.  Colour, — This  may  be  judged  of  by  allowing  any  sediment  to  settle, 
and  then  pouring  off  the  supernatant  water  into  a  tall  glass  placed  upon 
a  piece  of  white  paper.     Or  a  horizontal  tube  of  colourless  glass  with  glass 

1  Frankland  recommends  from  one  Winchester  quart  of  the  worst  waters  to  three  of  the 
purest. 

s  For  some  interesting  experiments  on  this  point,  see  Hehner,  in  the  Analyst^  vol.  iii.  ]>. 
177. 


678  EXAMINATION  OF  WATER. 

ends  may  be  used.  The  stratam  should  be  of  sufficient  thickneao^  if 
possible  two  or  three  feet^  but  a  fair  idea  of  the  colour  may  be  obtained 
with  18  inches  or  even  a  foot.  The  Society  of  Public  Analysts  recom- 
mends 24  inches.  If  a  tube  be  used,  it  may  either  be  half  full,  and  the 
tint  compared  with  the  colour  of  the  air  in  the  upper  half  when  directed 
against  a  well  illuminated  white  sur&ce ;  or,  better  still,  it  may  be  filled, 
and  the  comparison  made  with  a  second  tube  placed  alongside,  containing 
pure  distilled  water.  Perfectly  pure  water  has  a  bluish  tint^  but  most  ordi- 
nary waters  have  either  a  greyish,  greenish,  yellow  or  brown  appearance. 
The  best  samples  are  those  coloured  bluish  or  greyish.  Green  waters  owe 
their  colour  to  v^^table  matter,  chiefly  unicellular  algce,  and  are  usnaUy 
harmless.  Yellow  or  brown  waters  are  most  to  be  feared,  as  their  colour  is 
often  due  to  animal  organic  matter,  chiefly  sewage.  It  is  sometimes^  how- 
ever, owing  to  vegetable  matter,  such  as  peat,  and  under  these  drcam- 
'  stances  it  is  not  generally  hurtfuL  It  may  also  be  caused  by  salts  of  iron, 
although  in  most  cases  the  iron  is  precipitated  as  ferric  oxide  in  the  sedi- 
ment. 

2.  CUameaB, — ^The  presence  or  absence  of  turbidity  may  be  judged  of  in 
the  same  way  as  the  colour,  only  the  water  should  be  shaken  up,  so  as  to 
distribute  the  suspended  matter  and  simulate  its  condition  when  drawn. 
The  depth  necessary  to  obscure  printed  matter  may  be  used  as  a  measure. 
Occasionally  water  remains  hazy  or  turbid  even  after  standing  for  some 
time ;  in  such  a  case  the  suspended  matter  is  in  very  fine  division,  such  as 
is  sometimes  found  with  sulphate  of  calcium,  minute  scales  of  mica,  &c. 

3.  Sediment. — ^The  nature  of  the  sediment  may  be  roughly  judged  of  by 
the  eye,  as  to  whether  it  is  mineral  or  vegetable,  or  stained  with  iron  or  the 
like.  The  larger  living  forms,  such  as  Anguillulce,  water-fleas,  leeches,  &c., 
may  also  be  detected.  But  the  only  satisfactory  examination  is  to  be  made 
with  the  microscope. 

4.  Lustre. — The  lustre  or  brilliancy  (Sclat)  has  been  recommended  as  a 
good  physical  indication  of  the  amount  of  aeration  (Gferardin).  The  diflferent 
degrees  may  be  noted  in  any  convenient  way,  such  as  nil,  dull,  vitreous^ 
cLdamantine,  which  is  an  ascending  scale  from  zero  to  the  maximum  bright- 
ness. 

5.  Taste, — Taste  is  an  uncertain  indication.  Any  badly  tasting  water 
should  be  rejected  or  purified  before  use.  Suspended  animal  organic  matters 
often  give  a  peculiar  taste,  so  also  vegetable  matters  in  stagnant  waters. 
Some  growing  plants,  as  lemna  and  pistia,  give  a  bitter  taste ;  but  most 
growing  plants  have  no  taste.  Dissolved  animal  matter  is  frequently 
quite  tasteless.  As  regards  dissolved  mineral  matters,  taste  is  of  little 
use,  and  differs  much  in  different  persons.     On  an  average  ^ — 


Sodium  chlorido  is  tasted  when  it  reaches 

Potassium     „  >»  t> 

Magnesium  „  „  „ 

Calcium  sulphate,  „  ,, 

,,       cart>0Date,     „  ,, 

„       nitrate,  „  ,, 

Sodium  carbonate,  ,,  ,, 

Iron,  „  ,,  ,, 

Iron  is  thus  the   only  substance   which   can   be   tasted   in  very  smaU 
quantities.     A  permanently  hard  water  has  sometimes  a  peculiar  fadt^  or 

1  Dr  F.  de  Cbaumont,  Army  Medical  RepoHfor  1862,  vol  iv.  p.  3^5. 
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sliglitly  saline  taste,  if  the  total  salts  amumit  to  35  or  40  g^ina  per  gallon 
(50  to  57  piirts  per  100,000),  antl  the  calcium  sulphate  amounts  to  6  or  8 
grains  (8*6  to  11*4  per  100,000).  The  taste  of  good  drinking  water  is  due 
entirely  to  the  gases  dissolved ;  water  nearly  free  from  carhonic  acid  hard- 
ness, such  as  distilled  water,  is  not  so  pleasant  a.s  the  brisk  well -carbonated 
waters ;  it  may  be  called  flat,  hut  it  is  diflicult  to  define  the  kind  of  taste  or 
absence  of  it. 

6.  SmefL — The  water  may  be  waroied  or  distilled,  when  the  odour  of 
fmcal  matter  is  often  brought  out  clearly  both  in  the  distillate  and  residue. 
If  the  water  is  put  in  a  stoppered  bottle,  which  it  half  fills,  and  is  exposed 
to  light,  and  then  opened  and  smelt  after  a  few  days,  commencing  piitre- 
faction,  or  the  formation  of  butyric  acid,  or  something  similar,  can  sometimes 
be  detected.  Tiemann  recommends  that  the  water  should  be  heated  to  110" 
or  120"  Falir.  (4*2**  to  49''  C-) ;  if  hyilrogen  sulphide  l>e  pre.sent,  add  a  little 
copper  sulphate,  '\vliich  precipitates  it,  and  jiermits  any  putrid  smell  to  be 
perceived. 

The  Society  of  Public  Analysts^  recommends  hejiting  the  water  in  a 
wide-mouthed  stoppered  bottle  to  lOO"*  F*  {38°  C).  This  may  be  done  by 
immersing  it  in  warm  water.  Any  particular  smell  shoidd  be  recorded,  if 
ilistinctly  recognised, — with  its  degree  of  intensity,  such  as  nii,  ver*j  slight^ 
sfightj  marked f  (fee,  as  the  ease  may  be.  Sometimes  an  offensive  smell  is 
detected  on  hmling^  which  is  not  otherwise  perceived.^ 

Although  the  physical  cJmratiers  give  only  an  imperfect  idea  of  the  value 
of  a  wat^r,  they  are  yet  important  when  no  further  examination  can  be 
made.  If  a  water  be  colourless,  clear,  free  from  suspended  matter,  of  a 
briUiant  ((^r  adamantine)  lustre,  devoid  of  smell  or  taste,  except  such  as  is 
recognised  to  he  the  chaMcteristic  of  gotnl  p<3L^ble  water,  we  shall  in  the 
large  majority  of  cases  be  justified  in  pronouncing  it  a  good  and  wholesome 
water;  whilst,  according  as  it  deviates  from  these  characters,  we  shall  be 
proportionately  justified  in  reganling  it  with  suspicion,  Suspendetl  matter 
is  probably  the  most  dangei-ous,  but  it  may  well  be  tliat  minute  particles, 
the  "  roating-spores  "  of  disease-causing  organisms,  may  exist  without  reveal- 
ing themselves  by  any  visible  turbidity  (or  even  to  a  cursory  micra^copic 
examiniition) ;  theae  can  only  be  detected  by  biological  tests  ;  nor  must  wo 
shut  our  eyes  to  the  possibility  of  hm'tful  dissolved  substances,  so  that, 
when  our  opinion  of  a  water  is  based  only  on  its  physical  characters,  the 
fact  ought  to  be  duJy  recorded. 


RKCTION  II 
ExAMiNATiax  OF  Suspended  ^Iattbbs. 


The  suspendi'd  matters  may  Ix^  either  mineral  (sitnd,  clay,  chalk,  fine 
films  of  mica,  iron  peroxide),  or  dead  animal  or  vegetiible  matters,  or  living 
creatures  (plants  and  animals). 

To  determine  the  nature  of  the  suspended  matters  pour  some  of  the  water 
into  a  long  glass  as  already  described,  and  observe  its  appearance.  Susj}ended 
sand  or  clay  give  a  yeUow  or  yellow-white  turbidity  ;  vegetable  humus  and 
f»eat  give  a  darkish,  sewage  gives  a  light  brown  colour  ;  but  the  coloLir  or 
turbidity  alone  is  a  very  insufficient  test  Then  boil  the  water,  and  pour  it 
back  int)  the  long  glass.     Band,  chalk,  and  heavy  particles  of  the  kind  will 

*  Bo^  Analv,^t^  July  nnd  Angiii^t  1^1* 

*  8eo  Dui.i\\  J  naiyst,  1878,  [k  265. 
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he  depoaitetl ;  finely  suspended  sewage  and  vegetalilo  matter  is  little  litlvr 
unless  it  be  a  cluilk-water,  when  the  deposit  of  caleiiun  carbonate  may  car 
down  the  suspended!  matter.     When  the  water  is  commencing  to  boil,  smell 
it  to  see  if  there  is  any  trace  of  sewage. 


MicKoaooPio  Examination.* 

Tlie  examination  with  the  microscope  can,  however,  idone  give  acciirut#» 
information  of  the  nature  of  the  susi>ended  matters.  Ver}'  high  powers 
(1000  or  1200  diameters)  are  necessary  for  a  complete  oxamination,  though 
lower  powers  will  give  mucli  information. 

If  the  matter  Ia  entirely  suspended^  a  drop  of  the  water  must  be  taken  at 
once ;  but  when  it  can  be  obtained,  a  little  of  the  sediment  is  more  satLsfae- 
tory.  To  get  a  sediment,  the  water  should  be  placed  in  a  conical  glass  (th*? 
space  of  whtcli  ought  to  he  roundedf  not  pohited^  at  the  btrttom),  carefully 
covered  and  allowed  ti3  stand  for  a  few  hours  :  and  the  upi^er  part  of  the 
water  is  then  poured  away  or  siphoned  off.  In  speuial  cases,  where  it  is 
important  b:t  know  the  exact  condition  of  the  suspended  matters  before  they 
undergo  cliange  by  tlie  action  of  tlie  atmosphere  of  the  room  or  lalx)ratOTy 
where  they  may  be  kept,  they  should  be  collected  in  vacuum  tul>es  and 
sealed  A  very  small  amount  of  sediment  can  be  thus  got  at  An  immense 
number  of  dead  and  living  thinj:;B  are  often  found  in  water,  which  it  would 
be  impossible  to  enumerate^  but  which  may  be  eonveniently  eonsiderod 
under  two  great  and  several  minor  divisions.  The  be^t  kind  of  pipette  for 
taking  tip  the  sediment  for  transfer  to  the  glass  shde  is  a  plain  straight 
tubc^  without  bulb  and  witliout  any  narrowing  to  a  point  at  either  end; 
the  diameter  may  be  from  y\j^  to  ^  of  an  ineli  (H  to  3  milhmetres), 

1,  Inanimate  Suhatance^, 

{a)  Mineral  pari  ides  may  be  easily  known  ;  sand  appears  as  large  angular 
particles,  often  showing  iJisiinct  coneboidal  fracture  ;  clay  and  marl  as  nDund 
smooth  glolmlcs  unaffected  by  acids;  carbonate  of  calcium  (chalk) sometimes 
smooth,  but  iiiUm  crystalline,  soluble  in  acids  witli  effervescence.  Iron 
peroxide  appears  in  reddishd>rown  masses  of  an  am«srphous  character  ;  it  is 
easily  diss<tlved  in  liydrDchloric  aciil,  and  strikes  a  deep  blue  with  the  ferro- 
cyanide  of  potassium  (yellow*  prussiate). 

(b)  Vegetable  matters:  i)ortions  of  wood,  leaves,  bits  of  the  yeins^ 
parenchyma^  or  ducts  are  eawily  recognised.  When  vegeUdde  tissue  is  more 
decomposed  nothing  is  seen  but  si  dark,  opaque,  structureless  moss.  Any 
dark  formless  mass  of  tlits  kiinl  in  water  n?  almost  certainly  decayed  vegeUible 
matter.  Bits  of  textile  hdjries  (cotton^  linen,  are  not  uncommon,  and  are 
impnrtant  as  indicating  that  tlio  water  m  contaminated  with  house  refuse). 
So  also  the  cells  of  the  potato*  or  spii'al  threads  of  cabbage  and  other 
vegetables  used  by  man,  are  of  value  as  indications  of  the  stirac  kind. 
Spiral  cells  are  very  indestructible,  and  are  often  found  in  river  water  to 
which  sewage  gains  access.-  Carbonaceous  masses  also  occur,  either  portions 
of  soot  from  co.il  smoke,  or  bits  of  charred  wood.     Sometimes  fragments  of 


*  For  iL^ood  ristimi  of  this  jmrt  of  thu  « xaminAtiou,  referenoo  may  be  made  to  A  Gnidt 
to  the  Mt^roacapic  Examinatwn  of  Drinking-water^  Toy  J.  D.  Macdonald,  R.N-,  F.RHL, 
Iti9bectar-0«n»ral  of  IloH[utals  and  Fleets,  formerly  Profeaaor  of  Naval  Hygitrue,  Army 
Mfloicftl  School,  2ud  edition,  Churthill. 

t  Am  Tkly's  i9Vid0UC€,  Report  of  Royal  Commiasiou  ou  MetroiioUtan  Sewage  DiflchargiL 
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Br  are  met  with,  probably  washed  into  the  water  from  drainfl  or  ceas- 

(c)  Aniinal  mattertiy  consist mg  of  bit?  of  wool,  hiiir,  and  remaiuf^  of  animals 
of  all  kinds,  such  as  wings  and  legs  of  inse^'bs,  spideri?  and  their  webs, 
portions  of  the  skin  of  water  animals,  or  of  fish,  tKrc,  are  not  itncomrac^rL 
Sewage  matters  having  a  darki3h'bro^\'n  or  red  dish  colon  r,  and  often  in 
globidar  massea^  and  thus  distinguishable  from  the  f\:itteT  and  more  spread - 
out  vegetable  matter,  are  sometimes  8eeii.  In  the  Lc»ndon  wat4?r,  as  supplied 
nifiny  years  ago,  Hassidl  recogniBed  these  little  **ochreous'^  masses,  and 
found  that  nitric  acid  hronght  out  a  pink  tint.  He  thought  them  to  l>e 
portions  of  miBcular  fibre,  tinged  with  bile.  Epithelium  (from  t]je  skin  of 
man)^  and  hairs  of  animals  are  not  mdVeqiient.  The  identification  of  tliese 
matters  Is  of  moment,  as  indicating  the  particular  source  of  the  contamina- 
tion. Anything  which  can  lie  nnequi vocally  tracer!  to  the  hnhitiitions  of 
man  must  always  cause  the  wat-er  to  be  regai'rled  witlx  Hu^iiicion,  aUt  if  one 
substance  from  a  Imuse  c^in  find  its  way  in,  others  may  do  so  too. 


2.  Limtff  OrgammnB^ 

These  are  often  found  in  the  sediment,  but  sometimes  also  float  in  the 
water  above  the  sediment  They  are  almost  innumerable,  an<l  as  immature 
forms  and  various  stages  of  development  are  seen,  it  is  often  di  the  nit  or 
irapossilile  to  name  aU  of  them, 

(rf)  Bacteria  or  Schhotfit/edei, — These  organisms  or  their  spores  are  ahnost 
invariably  present  in  water,  sometimes  in  very  great  numbers.  The  considera- 
tion of  their  significance  and  the  methods  for  their  detection  by  cultivation 
will  be  discussed  in  Section  IV.  Biological  Examination  of  Water.  High 
|)owcrs  (and  preferably  witli  immersion  lenses)  are  retpiired  to  see  them  pro* 
perly.  When  they  appear  in  water  it  is  necessary,  as  I^ex''  has  shown,  that 
benside^  oxygen  tlnx^e  conditions  must  he  present — (1)  an  organic  carbonaceous 
substance ;  (2)  a  nitrogenous  substance,  which  need  not  be  organic — a  mt- 
rate^  for  example,  wiJl  well  nourish  bacteria^  and  is  reduced  U*  nitrite  by 
their  groTvi^h  ;  (3)  a  phosphate,  whicli,  however,  may  he  in  cxeeediDgly  small 
quantity. 

{e)  Fungi. — In  any  %vat43r  which  contains  nitrogenous  matter  (of  animal 
nature,  at  any  rate),  sugar,  and  a  little  phosphate,  fungi  will  soon  appear, 
and  the  sjiorc^s,  no  doubt,  enter  from  the  atmosphere.  Spores,  s]>ore'Cttse8| 
and  delicate  mycelium  can  he  seen,  and  often  bacteria  coexist,  \l  fungi  tixe 
found  in  wat^u*  tliey  indicate  impurity,  and  such  water  shouM  not  l>e  used  if 
it  c^tn  be  avoided,  «tr  sboulii  lie  purified.''  BoiHng  doiis  not  kill  the  /ungi, 
accoDling  to  Ileisi'h ;  charcoal  filtration  does  so,  according  to  the  Siime 
observer,  though  later  experience  has  8bown  that  iWia  is  not  always  the 
case*  Animal  charcoal  adds  some  phosphate  to  the  water,  and  in  this  way 
aids  the  growth  of  fungi  Spongy  iron  gives  oil*  no  phosphate,  and  water 
filtered  tlii'ongh  it  is  quite  free  tvom  fungi* 

^  Epitliclmm  from  tlie  .skin  breakK  clown  slowly  in  u'ater ;  soakogii  for  nijuiy  niontbfl  iloes 
not  destroy  it.  Epithilitiin  from  the  mouths  of  eattle  b  soiurtimej?  fotiri'L  TIiik  wa»  the  caw 
m  tame  water  ezftmined  At  Netky,  got  f¥oin  a  cateh  pit  ia  Parkhur^it  Forejst 

*  Numeronit  pl&teti  of  the  various  org&nifdns  found  in  the  Thatnei  WFit^r  liav«  Ijeen  gtren  br 
HaakaIL  (Microaccpic  Examination  o/  the  Water  supplied  to  London,  by  A.  U.  HakwaU, 
M,D,,  1S60*     Food  and  iLn  AduUfration,  by  the  sftme  author,  1876.) 

a  CaUraUiiail  Jur  di^  Med.  Wisjf.,  No,  20, 1872,  p.  305. 

*  In  the  ca»&i  of  raalarioiiK  fever  At  Tilbury  Fort  {Annif  Med.  Reportu,  vol  an-ii.)  f^ingoid 
otracttirea  were  foumi  in  tbt«  water  whose  use  was  coiucident  with  thu  fever,  but  wens  ^  * 
from  the  water  following  on  whose  xxm  the  fever  cea»&cL 
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Heiscli  ^  stiites  tliEit  sewage  matter  m  water  gives  rise,  when  sugar  is 
iulded  to  the  wttter,  to  a  peculiar  funtjus^  wliich  lie  liescribes  as  formed  of 
very  small,  perfectly  spherical  transparent  cells  amujged  in  grape-like 
bundles  ;  they  grow  rapidly  into  mycelia,  and  are  attended  with  the  special 
character  €*f  producing  the  odour  of  l>utyric  acid.  Tlie  mycelitun  soon  dis- 
apf)ears, 

Di'  Frankland  ilouhte  whetlier  fungi^  which  are  readily  produced  by 
adding  nngar  to  sewage  water,  are  distinctive  of  sewage,  as  apparently  similar 
cells  are  caused  by  other  animal  matters. 

The  identilicatiou  of  the  spores  oi  fungi,  and  even  of  the  mycelium  as  seen 

in  water>  is  so  extremely  difficult  tlaat  it  would  be  at  present  rash  to  affirm 

that  any  fungoid  elements  are  distinctive  of  faecal  matter.     The  butyric  Acid 

smell  also  is  given  oif  by  so  many  inijm re  waters  that  it  could  hardly  be  used 

mf  a  test  for  fseces. 

IP  (/)  Aifja,  DMoniSf  and  Desmtds  are  found  in  almost  all  mnning  streams, 
and  are  also  seen  in  many  well  waters.  They  camiot  be  held  to  indicate  any 
great  impurity ;  and  to  condemn  water  on  account  of  their  presence  would 
he  really  to  condemn  all  waters,  even  rain^  in  which  minute  algoid  veeiclegi 
(proiococm)  are  often  found. 

The  forms  of  the  viirious  confervm  in  water  are  very  numerous ;  some  being 
coloured  green,  whilst  at  other  times  they  are  quite  colourless,  round,  isolate, 
or  clustered  ve-aicles.  The  inamature  forms  may  not  be  easy  of  identification. 
The  Diatoms  are  always  readily  recognised  and  identilied.  It  may  be  stated 
generally  that  organisms  of  a  grass-green  colour,  such  as  the  green  algce^  need 
not  l>o  objected  to  ;  but  the  bluish-green,  such  as  the  Oscil/atoriamt,  J^os(o*% 
&c.,  are  less  desirable  ;  not  that  they  are  probably  directly  injurious,  but  as 
indicating  an  impure  water,  and  as  being  apt  t<:^  give  rise  to  an  unpleasant 
(**]^ig-{ien^'}  odour,  Leptoihrix  ochr^a^  which  was  at  one  time  thought  to 
be  connected  witli  a  special  disease  poison,  is  really  hannlea^,  and  is  mostly 
found  in  waters  containing  a  good  deal  of  irun  peroxide ;  such  waters  are 
usually  singularly  free  from  noxious  organic  matter. 

{g)  Uhizopoda,  especiidly  ama'btp  and  similar  forms,  may  often  be  detected 
with  high  jiowers.  Tliey  appear  to  indicate,  like  iHuieria^  the  existence  of 
putrefying  substances,  but  tliis  is  not  yet  certain.  They  are  not  found  in 
first-class  waters. 

(h)  Ettglmm  (of  different  species,  such  as  E,  virtdisy  E,  pyrum^  ^c.)  are 
found  in  many  waters,  especially  of  ponds  and  tanks, ^  Ciliated,  free,  and 
rapidly  moving  infusoria^  beloriging  to  several  kinds  of  common  protozoa, 
such  as  kolpofla,  paramecmm^  roleps,  stttitor^  kermio,  stt/lonychia,  ojtytri4*hat 
&c,,  are  also  found.  The  peculiar  red  colour  of  some  waters,  such  as  that  of 
the  river  Itchen  at  Southampton  in  summer,  is  due  to  PtrkimiHm  fti8aifi%  as 
first  ponited  out  by  Dr  Mactlouidd,  F.R.S.  The  abundance  of  these  bodies 
indicates,  of  course,  that  the  ^vater  contains  focnl  for  them,  and  this  must  be 
either  vegetable  or  animal  organic  matter,  but  the  mere  presence  of  these 
infusoria  will  not  show  which  it  is.  Hasi^all  noticed,  however,  in  1850,  that 
the  Thame.8  water  below  Brentford,  where  it  wiis  mLxed  with  sewage, 
swarmed  w4th  jkiramecia^  while  at  Kew,  where  the  water  was  freer  from 
sewage  matti-^rs,  they  had  almost  disappeared  Subsequent  observations  have 
not,  however,  proved  the  relation  between  paramenia  and  animal  matter  in 
the  water  to  be  suiRciently  constant  to  allow  the  former  to  l>e  used  as  a  test 


I  CA^rwMw/iVeww,  .Ittnu  1870. 

3  There  appears  reaaon  to  believe  that  all  or  moAt  of  the  flagellate  AniiiiAJcules  ore  T^getablfv 
and  tlie  miDuter  (auch  as  monas)  are  probably  couiiected  with  the  rejiroducUon  of  higli«r  lonai, 
such  wifunffi. 
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i»f  the  latter.  Fixed  or  alow  moving  infusoria^  as  the  vorticella^  are  also 
often  seen  in  river  waters. 

In  many  ^vateivs  the  living  ohjecta  in  the  above  five  classes  conipnse  all 
that  are  likely  to  lie  seen,  but  in  the  other  cases  there  are  animals  of  a  larger 
kind. 

(i)  Htfdrozoa^  especially  tlie  freshwater  poii/ps^  are  cumnion  in  most  still 
waters,  and  do  not  indicate  any  tiling  hurtful, 

(k)  W^rms^  or  their  eggs  and  emhryos,  belonging  to  the  class  Scoleeida^ 
may  occur  in  water,  and  are  of  great  importtince.  The  eggs  and  joints  of  the 
tapeworm,  the  embryos  of  Bothnocephaiiy  the  eggs  of  the  round  and  thread 
worms,  and  perhaps  the  "vv'orms  themselves,  the  Guinea- worm,  and  other 
kinds  of  Filaria  ;  the  eggs  of  Dochmiuti  duodeiialls^  and  otlier  duiomafa,  and 
tlie  embryos  of  BiUiarna^  have  all  1»een  recognised  in  water,  though  it  hi\^ 
not  yet  been  shown  that  in  all  cases  they  can  be  tliiis  introduced  iiitti  the 
human  body.  That  Filaria  sanguink  kmninis  may  be  taken  in  drinking 
water  is  more  probable,  seeing  that  its  host,  the  mosquito,  is  developed  in 
water,  the  larvse  of  the  latter  being  found  in  gi-eat  quantity  in  tiinks  ami 
cisterns.  Wonns  themselves  cannot  well  be  overlooked,  but  both  eggs  and 
the  free-moving  embryos  are  sometimes  ilifficult  of  identihcation.  The 
gi'eatest  care  should  be  used  in  examining  water  to  detect  ova.  In  India, 
the  abundance  of  minute  Fikiriw  has  led  to  the  general  term  of  *'ttmk 
worm  "  being  applies  I. 

The  presence  of  even  common  AiiguiUnh^  in  water  shows  generally  an 
amount  of  impurity,  and  such  a  water  must  be  regarded  with  great  sus- 
picion. Small  leeches  also  are  not  uiiec  >mmon  in  both  still  and  running 
waters. 

The  wheel  animalcules  are  common  enough,  and  cannot  be  regarded  as 


Ffg.  102. 


Fig.  103. 


very  imjtortiint,  though  certainly  when  they  exist  there  must  be  a  good  deal 
of  food  for  them,  and  eonsei|uentIy  impurity  of  water. 

{i)  Enttmujutra&t  (such  as  the  water  flea,  Daphnia  pnlex,  fig.  102;  Cr/elops 
fjuadrtammj  Eg.  103;  j8V(/<(,  Moifui^  Polyphemus,  and  others)  are  very  com- 
njon  in  the  spring ;  they  occur  in  so  many  good  waters  that  they  camiot  be 
considered  as  indicating  any  dangerous  impurity.  It  is  said  that  they  are 
only  found  near  (within  one  or  two  fent)  of  the  .surface.  Amphipoila  {(/am- 
marm  pukjs)  may  also  be  met  with,  as  well  as  Isopoda  (Asdlns  aqnaticua) 
and  Tardigrada  (water  bears),  esi>ecially  if  water  that  has  been  stagnant 
gets  washed  into  thinks,  cisterns,  or  water  butts. 

{//<)  There  are,  of  course,  many  other  tolerably  large  animals  often  found 
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in  water ;  the  Iarv»  of  the  water  beetle  {Dyti9cu8\  the  water  boatman  or 
skipjack  (Notoneeta  glauca\  and  the  pupa  form  of  many  inaecta^  may  be 
found,  but  they  are  chiefly  in  pond  water. 

So  many  artf-  the  objects  in  water  that  the  obeeryer  will  be  often  Yery 
much  at  a  loss,  first,  to  identify  them,  and  secondly,  to  know  what  their 
presence  implies.  The  best  way  is  first  to  see  what  objects  appear  to  be 
mineral,  or  non-living  vegetable  substances,  and  to  fix  the  origin  and 
estimate  the  quantity  as  fu  as  it  can  be  done.  Then  to  turn  to  the  living 
organisms  and  to  look  attentively  for  haeteria^  anuebcgy  fungi^  and  ova,  and 
small  worms  and  leeches.  If  none  of  these  exists  and  if  cultivations  show 
the  water  to  be  fairly  free  from  micro-oigamsms,  the  water  cannot  be  con- 
sidered dangerous.  Ciliated  if^futoria  of  various  kinds,  and  Diatonu,  Dumidt, 
and  AlgtKy  are  chiefly  important  in  connection  with  microscopic  evidence  of 
decaying  vegetable  matters,  and  with  chemical  tests  showing  much  dissolved 
oiganic  impurity  in  the  water. 

The  subjoined  plates  show  the  principal  objects  foimd  in  a  deep-well  water 
(Plate  YL) ;  in  a  slow  running  stream  ^late  VIL) ;  in  Thames  water  taken 
in  1868  above  Teddington  Lock  (Plate  VIII.) ;  in  water  from  a  spring  near 
BaHway  at  Tilbury  (Plate  IX.). 

Chemical  Ezaeination  of  the  Sediment. 

The  amount  of  sediment  is  told  by  taking  two  equal  quantities  of  water 
(say  \  litre),  evaporating  one  quantity  to  dryness  at  once,  and  the  other 
after  subsidence  or  filtration,  so  that  suspended  matters  are  as  far  as 
possible  separated,  and  then  weighing  the  two  residues.  The  difference 
between  the  two  weights  gives  the  amount  of  the  sediment.  Or  a  certain 
amount  of  water  may  be  allowed  to  stand  until  all  the  sediment  has  fallen ; 
the  water  is  poured  off*,  and  the  sediment  dried  and  weighed.  If  good 
Swedish  filtering  paper  is  obtainable,  the  seiliment  may  be  obtained  at  once : 
two  filters  should  be  moistened  with  dilute  hydrochloric  acid,  then  washed 
with  distilled  water  and  then  dried.  The  amount  of  ash  in  one  filter  should 
then  be  determined  by  incineration ;  the  sediment  should  be  collected  on  the 
other  filter,  dried,  weighed,  and  then  incinerated.  Tlio  ash  of  the  filter  itself 
being  known,  the  weight  of  the  ignited  sediment  is  the  total  weight,  less  the 
ash  of  the  filter.  If  it  be  wished  to  carry  the  analysis  farther,  the  sediment 
is  incinerated;  mineral  matter  remains,  while  iil  animal  and  vegetable 
matter,  whether  previously  inanimate  or  living,  is  destroyed.  This  matter 
of  such  various  origin  b  generally  stated  under  the  vague  terms  of  organic 
or  volatile  matter,  but  this  gives  no  idea  of  its  origin.  Some  of  this  so- 
called  organic  matter  may  have  been  dead,  another  portion  living.  The 
mineral  may  be  further  determined  by  digesting  in  weak  hydrochloric  acid 
by  the  aid  of  heat;  the  undissolved  matters  are  silica  and  aluminum 
sUicate ;  lime,  iron,  and  magnesia  will  be  dissolved,  and  can  be  tested  for  as 
hereafter  given. 

SECTION  III. 

Examination  of  Dissolved  Matters. 

In  all  examinations  of  water,  if  the  sediment  is  not  expressly  referred  to, 
it  b  to  be  understood  that  the  examination  refers  only  to  the  dissolved 
matters.     These  are  gases  or  solids. 

OaseB. — Oxygen,  nitrogen,  carbon  dioxide,  hydrogen  sulphide,  and  car- 
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in  WiiU-i  :  iho  larva*  i»f  the  wau^r  l^etle  (DtftiseUi 
skipjafk  {X'tf'tufrta  i/iattca\  and  the  pupa  fonii 
fimml.  lull  ih»-y  an»  ihifHy  iii  i)ond  wat«»r. 

S«i  many  artr  ilie  ohjofts  in  waU»r  tliat  the  ob- 
111  urh  at  a  !•  *.<.<%  iirst,  to  identify  them,  and  sev.oh' 
pn'sente  imjilies.     The  l>est  way  is  first  to  see  v! 
mineral,  i»r   non-living  vegeUiMe   substances,  and 
estimate  the  t^uantity  a^  far  as  it  can  l)e  done.     Tl: 
orpmisnis  and  to  \*x)k  attentively  for  latteria^  aiifi 
small  wi»rms  and  leeches.     If  none  <  ^  ^ 
the  watiT  t<»  1m'  fairly  free  from  mien*  ■ 
sidereil  danj;:cn.»us.  Ciliate«l /H/MJ«ona  of  ^ 
and  Aliftfy  are  chieHy  imi)ortant  in  arnr 
ilecayin^  vegetable  matte rs,  and  with  (  homitiiU  i^^ 
organic  imj»urity  in  the  water. 

The  subjoined  plates  show  the  prini  i]^ 
(Platv  VI.) ;  in  a  slow  running  stream  (J 
in  186S  aKvve  Tetldinpton  Lock  (Piato  VUL>; 
Riiilway  at  Tilbury  (Plate  IX.). 
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The  anmunt  t>f  seiliment  is  told  by  t^ikiiig  Iwt 

(s;iy  A  litr*'),  evaiKiratin«^  one  quantity  to  %\rju% 

afUrr  sul>sidence   or   filtration,  so  that  »u«pr-  '  *^ 
|M»ssi]»lt*  st'paratcil,  and  then  weigliiitK   thi 
1j<»tween  tin-  two  weights  gives  the  aiunaut  > 
amount  of  water  may  1m»  allowe<l  to  sUntt  tini 
the   water  is  ixmreil  off,  and  the  w^ditu' 
Swedisli  liltering  jxij^r  is  obtainable,  th*^ 
two  tillers  shouhl  l>e  moistened  ^vith  diliiU^  i 
with  tlistilletl  water  and  then  dried.    The  am 
then  be  determiiUHl  by  incineration ;  the  &edi : 
other  filter,  dritnl,  weiglieil,  and  then  iucivw^i,; 
being  known,  the  weight  of  the  ignitt^d  !^^ 
ash  of  the  filter.     If  it  be  wished  to  carty  lit. 
is   incineratcH.! ;  mineral  matter  remtiini^r   wl  • 
matter,  whether  j)reviou8ly  inanimate  nr  livn 
of  Hucli  various  origin  is  generally  stjitcMl  un<l 
or  volatile  matter,  but  this  gives  no  idt^a  nl 
called  organic  matter  may  have  been  dmc!, 
minend  may  be  further  determined  by  di 
by   the   aid   of  heat;   the  undissolvi^d   i 
silicate  ;  lime,  iron,  and  magnesia  will  1x^  disc- 
hereafter  given. 

SECTION  iU 

£ZAMINATION  OF  DlSaOL^ 

In  all  examinations  of  water,  if  the  sediment  i> 
it  is  to  bo  understood  that  the  examination  re:* 
matters.     Tlieasi  avi  ^js^asia  ot  ^\^. 


Desgbiftion  of  Plate  VI. 

Sediment  from  SotUh  Wing  Well,  NeUey,  drawn  wUh  the  Camera  lucida  at  the 
distance  of  10  itUhesfrom  the  centre  of  eye-piece  to  paper. 

The  presence  of  infusoria  and  animals  of  low  type  indicates  the  presence  of 
organic  matter,  animal  or  vegetable,  and  it  is  therefore  important  to  note  their 
presence ;  but  it  has  not  at  present  been  shown  that  they  are  in  themselves  at  all 
hnrtfoL 

acM  Actinophrys  Sol,  early  and  complete  stages,  x  260. 

b  Supposed  decomposing  amoeba-like  expansions,  df  Gromia  .fluviatilis, 

X  435. 
c  Fragment  of  carbonate  of  lime,  x  435. 
d  Navicula  viridis,  x  436. 
e  Grammatophora  marina  ?  x  435, 
/  Supposed  encysted  stage  of  Euglena  viridis,  x  435. 
g  Pinnate  conferva,  x  780. 
hhh  Fragments  of  decaying  vegetable  matter,  x  65. 
a  Fragments  of  carbonaceous  substance, 
j  Part    of  conferva  filament.  Conferva  floccosa?  showing  the  various 

conditions  of  the  protoplasm  in  the  old  and  new  cells,  x  435. 
k  Part  of  leaf  of  Sphagnum  or  bog-moss,  x  108. 
I  Grammatophora  marina,  x  435. 
m  Minute  spores  with  zoospores  ?  x  435. 
n  Diatoma  hyalinum,  x  435. 
0  Cell  with  dividing  protoplasm,  x  435. 
p  Oxytricha  lingua,  x  260. 
q  Rotifer  vulgaris,  small,  x  108. 
r  Anguillula  fluviatilis,  x  108. 
8  Peranema  globosa,  x  108. 
t  Statoblast  of  a  fresh-water  zoophyte  ?  x  108. 
u  Arthrodesmus  incus,  x  435 
V  Minute  DesmidisB,  Scenedesmus  obtusus,  x  780. 
w  Oscillaria  (oscillatoria)  Isdvis,  x  780. 
X  Homoeocladia  filiformis  ?  x  435. 
y  Ankistrodesmus  falcatus,  x  435. 
z  Minute  moving  particles,  x  435 — (?)  Zoospores. 

(To  Binder— To  face  PUUe  VL) 


DSSGBIFTION  OF  PlaTB  VII. 

SMnumt  of  Ditch  Waitr^  drawn  wUh  Ae  Cameia  lacida  at  Ae  diskmee  </ 10  tndbi 
from  e}fi-pieee  to  paper, 

a  Decaying  yegefcable  mattor,  cellalar  tiflsae,  x  108. 

5  Flenrofligma  foniioenmy  before  dividing,  x  170. 

e  Oxytricha  giblMs  x  lOa 

d  AmpbileptOB  anaer,  x  170. 

e  Enc^ena  vizidi^  x  S86. 

f  Supposed  nioeola  of  eome  lotifer,  x  106. 

g  Sorirella  gemma,  x  108. 

h     Do.         do.      X  65. 

«  Foraminifera,        x  65. 

j  Tzachleooeroa  Ixngni&ra;  x  65. 

k  Small  FUnaria  9  ovisacs  distended,  x  65. 

I  Navieola  viiidis,  x  285. 
m  Bazamedmn  auielia,  x  170. 

n  Goleps  hiisutiu^  x  885. 

0  Fleoronema  ctassa,  x  S85. 

p  Monnra  dnlcis,  x  170. 

q  Surirella  splendida,  x  170. 

r  Biddolphia  polchella,  x  285. 

$  SaiiieUa  striatola,  x  170. 

t  Rotifer,  Monolabis  conica  ?  x  108. 

u  Aregma,  spore  cases,  x  285. 

V  Stentor  ceraleus  1  v,  x  do.  contracted,  x  170. 

w  Trinema  acinus  ?  x  170. 

X  Pinnularia  grandis,  x  170. 

y  Gyrosigma  angulatum  before  dividing,  x  170. 

z  Alyscum  saltans?  x  170. 
aa  Synedra  ulna,  x  170. 
hb  Amphiprora  alata,  x  285. 
cc  Gyrosigma  Spencerii,  x  285. 
dd  Nitzschia  sigma,  x  170. 
ee  Brachionus  angularis,  x  170. 
/  Young  Vorticella  ?  x  170. 
gg  Gyrosigma  &sciola,  x  285. 
hh  Trachelius  stiictus,  x  285. 
a  Cocconema  Boeckii,  x  170. 
jj  Confervoid  cell  ?  with  divided  protoplasm,  x  285. 
kk  Euplotes  Charon,  x  170. 

{To  Binder— To  face  Plate  VII.) 
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Description  op  Plate  VIII. 

Drawing  of  Sediment  in  Thames  Watery  taken  jud  ahove  Teddington  Locky  in  April 
1878.  Notice  the  evidence  of  impurities  from  men^  viz,,  epithelium,  woollen, 
cotUm,  and  fiax  fibres. 

Fig.  1.  Colepe  hirsutua. 

2.  Bodo  grandis. 

3.  ActinophryB  Eichomii. 

4.  Epithelium  (tessellated). 

5.  Leucophrys  striata. 

6.  Angoillala  fluviatilis. 

7.  Paramecium  chrysalis,  dividing  (?  sexual  stage). 

8.  Vorticella  microstoma. 

9.  Kerona,  young  ? 

10.  Vorticella  microstoma  (stemless). 

11.  Paramecium  aurelia. 

12.  Conferva. 

13.  Cocconema  lanceolatnm. 

14.  Synedia  splendens. 

15.  Gyrosigma  attenuatum. 

16.  Gk)mphonema  acuminatum. 

17.  Wool  fibre,  dyed. 

18.  Cotton  fibre,  dyed. 

19.  Conferva  floccosa. 

20.  Hair,  barbed,  of? 

21.  Kerona  mytiluB. 

22.  Siliceous  spicule. 

23.  Diatoma  vulgare. 

24.  Fungi  (1  Torula). 

25.  Flax  fibre. 

26.  Arthrodesmus  quadricaudatus. 

27.  Stylonichia  ?  Mstrio,  dividing. 

28.  Paramecium  caudatum. 

29.  Woody  fibre  ?  rootlets. 

30.  Pollen. 

31.  Vegetable  tissue  and  mycelium,  with  spores. 

32.  Decaying  vegetable  matter. 

33.  Gomphonema  curvatum. 

34.  Spores  of  Fungi  (?  Aregma). 

35.  Antherozoid  of  ? 

36.  Encysted  spore. 

Decaying  vegetable  matter  and  infusoria  abundant. 

(To  Bind^^Toface  Plate  VIIL) 
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Reteretices . 


A  a  a.  Brawn  Vl^eUible  ceU^s^prohahfy  Spcryin^uiJ/.J  prr;balfd^- dbsen^a^eci^om/iuu 


b  Scdles'  of  EpUheluinv 

r  GlajjLoomcu  ecmtUlunt'! . 

d  Afcruus  leas. 

p  €  Aspifiwca    dUnticuialcu.  or  CocciucbTiOL  . 

f.f  Oa:^>tncha/  gvbbtt  f  ^cun^ . 

g  IhrtxceUa.  Corwcdarioy . 

h  Bactfiruini'  termo  in  a  b?Y)acL  sheets. 

i  LooaJi^ed  ff roups  of  CL  Iaj\qer/brm  . 

h  (^ystaZLuVR  partLcletr.  prrbaNv  guxirtg  . 


ofhchtrus  f^ LeightcTv  .J 


DISSOLVED  GASES    IN   WATER. 
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buretted  liydrngon  arc  the  ttiofit  usual  gases.  If  tlie  three  foiTiier  coexist^ 
as  is  gen<;rally  the  case,  the  oxygen  is  usually  in  larger  relative  amount 
tlmn  in  atnios[iheric  air,  m  it  often  roaches  32  per  cent  *  The  umountii  of 
oxygen  aiid  carbon  tlioxide  depend  so  much  on  varyinji  conditions,  such  as 
the  amount  of  exposure  to  the  air,  the  growth  or  ah^ence  of  jilant  life,  and 
the  presenile  of  animal^?,  as  to  render  the  proportions,  absolute  and  relative, 
of  the  gases  so  vanal>le,  that  few  inferences  of  hygienic  iniportance  can  be 
tlrawn  froui  their  determination.  A  lessenings  however,  at  one  part  of  its 
course,  in  tlie  qiumlity  of  oxygen  whidi  a  certain  water  is  known  to  c^jutain, 
may  be  useful,  as  pointing  out  that  ur^^anic  matter  has  been  in  the  water.^ 

Thus  Professor  Milh^r  fuiind  that  Thames  water  contained  the  following 
amount  of  gases  in  c.c.  per  litre,  in  its  flow  down  stream  i^ — 


KiDgatda. 

IlAttitner- 

Sotn(!iw!ft 
Hfiliae. 

Gmmwkb. 

Woolirkdi. 

Orbou  dioxide, 
Oxygen,  . 
Nitrogen^ 

30-3 
16-0 

15-1 

45-2 
1-5 

ie'2 

65^ 

0*25 
154 

48-30 

0-25 

14*50 

The  stabihty  of  the  nitrogen,  the  increase  in  the  C(!)^>,  and  the  lessening 
of  the  oxygen,  are  well  seen.  If  water  contain  much  CO^j,  hubbies  of  the 
gas  fi>rm  on  the  aides  of  the  glas,s  in  which  the  water  is  placed.  So  far  a8 
our  knowledge  extends  at  present,  there  seems  to  be  hut  little  information 
obtjiiried  by  the  determination  of  the  amount  of  gases  in  water  ;  Imt  if  it  is 
decided  to  do  so,  we  require  a  mercurial  trough,  a  graduated  tul>e-measure 
to  be  tilled  with  mercury  and  inverted  into  the  trough,  a  tia.sk  and  a  con- 
necting tube  with  a  bulb  blown  on  it.  Tlie  flask  is  tilled  with  water,  and 
comiected  with  the  hulh-tuhe  by  an  india-rubber  tube,  which  is  to  be  dosed 
by  a  clamp.  Bome  water  is  ]»ut  inti:>  the  bulb,  and  lioiled  ;  this  is  to  expel 
air  from  the  connecting  tube ;  and  w*hen  this  is  done,  the  end  of  the  tube  is 
put  intt>  the  mercurial  trough  under  the  vessel  tilled  with  mercury,  the 
clamp  is  removed  from  the  india-rubber  tube,  and  the  water  is  cautiously 
lK>iled  for  an  hour.  The  gases  collect  in  the  mercurial  tul^e,  and  ait? 
measured  {due  reganl  being  had  to  temperature  and  pressure,  and  the  other 
correelious) ;  the  CO3  is  absorbed  by  potash,  the  oxygen  by  potiissium  pyro* 
gallttte,  and  th*'  nitrogen  is  read  as  the  residue. 

As  reganis  the  CO,^  there  is  an  objection  to  this  method,  as  the  heat 
decomposes  the  calcium  and  nuignesium  lacarbonates,  and  therefore  the 
amount  of  CO.,  evolved  is  gieatcr  thau  existed  in  the  water  as  free  carbonic 
acid.  On  the  other  hand,  it  is  impossible  by  heat  alone  to  obtain  all  the 
oxygen  and  niti-ogen,* 

1  Atnioapheric  nir,  aeconting  to  Buii8«n'ii  coefficients  of  AlMtorntioii,  would  diMolve  ia  wftt^r 
in  tbf  prnportioa  of  65*1  of  aitroi^eu  iLiid  34"9  oi  oxygeiL— WankJjTi,  Water  AmdjfHti,  2iid  ^i- 
tion,  p,  1  la 

-  U^rardiu  formerly  considered  that  the  degree  of  oxyK«n  (oxytjit'^trie)  wiw  the  best  teat  of  a 
wiiitor's  nurity*  He  baa  since  uwditied  this  view  coiiKiderably.  Tbe  inii»ortance  of  the  iiidica^ 
tion  is  also  greatly  le^^ned  hy  the  fact  that  dec'p  well  watei^,  of  iindoubU'd  potftUe  excellence, 
yield  extpenjtdy  little  oxV(?wii, — ofteu  not  more  tlmn  tbe  Tlinintis  at  Woolwich. 

*  In  the  neiiort  of  the  Iloyal  Corn  111  ih-sion  cm  Metropolit  ui  SLnvi^n*  Diachar^e  wilt  Iks  fouud 
a  large  nunirwir  of  detennitmtions  of  the  ga.H'-s.  showing  tht;  ni»sorptioii  of  oxygen  by  the 
orpaaic  niatu*r  of  the  ftewagii.  Tlie  condition  of  the  river  is  such  that  uo  tish  can  livu  between 
Grtjeiiwicb  and  (Iravesend. 

♦  Tbe  plan  of  detemiininK  the  oxygen  by  means  of  tho  sodium  bydnwnlphite^  snggesterl  by 
Sebiitaentiergur  and  O^ramiHf  h  itiginions  ami  nii>id,  bat  it  hiw  the  incouvenience  of  f«- 

?uirinff  the  reagent  to  be  ftieslily  prepared,  at  it  will  not  keep.    (See  Conxjties  Kendwi  de 
Acadfmie  det  Science*  ;  Lefort,  fraiU  de  chimie  hwiroiomffue  ;  Annaleji  d*Hy'jiiHf^  Janvier 
1877.) 
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EXAMINATION  OF  WATER. 


As  this  operation  is  rather  a  delicate  one,  and  requires  some  practice,  and 
as  the  information  it  gives,  in  a  hygienic  point  of  view,  does  not  appear  to 
be  so  useful  as  that  obtained  by  other  methods,  it  may  be  omitted  except  in 
cases  where  the  amount  of  aeration  is  considered  very  important.  The 
amount  of  free  COg  can  also  be  determined  approximately  by  the  soap 
solution  subsequently  described. 

Dr  Frankland  has  proposed  a  very  ingenious  plan  for  extracting  the 
gases  from  water  without  heat.  It  is  an  application  of  the  Sprengel  pump^ 
in  which  the  Torricellian  vacuum  of  a  barometer  is  made  to  act  as  an 
air-pump.  The  gases  can  be  extracted  either  at  the  ordinary  or  boiling 
temperature.  This  plan  may  be  useful  in  laboratories  where  much  water 
analysis  is  carried  on,  but  it  can  hardly  at  present  be  applied  by  army  medi- 
cal officers,  or  by  medical  officers  of  health,  as  a  rule. 

Hydrogen  sulphide  sometimes  occurs  in  water  as  a  consequence  of  the 
decomposition  of  sulphates  by  organic  debris,  even  by  the  cork  of  the 
bottles,  the  SHg  being  afterwards  liberated  by  carbonic  acid.  In  some 
mineral  waters  (Maricnbad)  hydrogen  sulphide  appears  when  cUgcB  are  in  the 
water,  but  not  without.^ 

If  the  gas  is  present  in  any  quantity,  it  can  be  detected  by  the  smelL 
Alkaline  sulphides  have,  however,  less  smelL  Both,  even  without  smell,  can 
be  detected  by  salts  of  lead.  A  large  quantity  of  water  should  be  taken  in 
an  evaporating  dish,  and  a  little  clear  lead  subacetate  or  acetate  allowed  to 
flow  tranquilly  over  the  surface.  Black  fibres  of  lead  sulphide  are  formed. 
If  lead  acetate  is  mixed  with  solution  of  soda  until  the  precipitate  which  at 
first  forms  is  redissolved,  a  very  delicate  testrliquor  is  obtained.  Solution 
of  sodium  nitro-prusside  is  also  a  delicate  test,  and  gives  a  beautiful  violet- 
purple  colour.  As  it  acts  only  on  the  alkaline  sulphides,  a  little  solution 
of  soda  or  ammonia  must  also  be  added  to  detect  the  free  hydrogen  sulphide. 

Carburetted  hydrogen  in  small  quantity  in  water  is  not  readily  detected, 
butTiemann  says  that  warming  the  water  to  110'*  Fahr.  (44**  C.)  will  enable 
the  smell  to  detect  coal-gas,  when  chemical  reagents  fail.  Generally  there 
are  other  impurities,  especially  if  it  be  derived  from  gas  impregnation.  In 
larger  quantity  it  sometimes  bubbles  up  from  the  water  of  stagnant  pools, 
particularly  if  there  be  much  vegetable  matter ;  and,  in  the  cases  of  some 
natural  springs  in  petroleum  districts,  can  be  ignited. 

Dissolved  Solids. — The  chemical  examination  of  the  dissolved  matters  is 
divided  into  the  qualitative  and  the  quantitative. 

Qualitative  Examination  of  Dissolved  Solids. 

The  water  may  be  either  at  once  treated,  or,  in  the  case  of  some  con- 
stituents, it  should  be  concentrated  by  evaporation. 


Water  not  Concentrated. 


Subrtance  sought      j^^^^^^  to  be  used,  and  eflfcct^ 


Reaction. 


Litvms  and  turmeric  papers ; 
usual  red  or  brown  re- 
actions. 


Remarks. 


Usually  neutral.  If  acid,  and  acidity 
disappears  on  boilinc;,  it  is  due  to  car- 
bonic  acid.  If  alkaline  and  alkalinity 
disappears  on  boiling,  to  ammonia 
(rare).  If  permanently  alkaline,  to 
sodium  carbonate. 


1  Archiv  /Ur  Wuis.  HeilL,  1864,  No.  III.  p.  261. 


Substance  sought 
for. 


Lime. 


Chlorine. 


Sulphuric  Acid. 


Nitric  Acid. 


Nitrous  Acid. 


Ammonia. 


Iron. 


Hydrogen 
Sulphide. 


Alkaline 
Sulphides. 


QUALITATIVE  ANALYSIS. 
Water  not  Concentrated — continued. 
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Reagents  to  be  used  aad  effects. 


Oxalate  of  Amwumium. 
White  precipitate. 


Nitrate  of  Silver  and  dilute 

nitric  acid. 
White  precipitate,  becoming 

lead  colour. 


Chloride  of  Barium  Auddilutc 

hydrochloric  acid. 
White  precipitate. 


Brucine  solution^  and  pure 

sulphuric  add, 
A  pink  and  yellow  zone. 


Iodide  of  Potassium}  and 
starch  in  solution  and  di 
lute  sulphuric  acid. 

An  immediate  blue  colour. 


Solution  of  meta-pJienylene 
diamine  and  dilute  sul- 
phuric acid  (Griess's  test) 
— a  yellow  colour  more  or 
less  immediate  according 
to  amount  of  nitrous  acid. 

Nessler*s  solution.^ 
A  yellow  colour  or  a  yellow- 
brown  precipitate. 

Red  and  yellow  prussiates  of 
potash  and  dUute  UCl, 
Blue  colour. 

A  salt  of  had. 
Black  precipitate. 


Nitroprusside  of  sodium. 
A    beautiful     violet-purple 
colour. 


Remarks. 


Six  grains  per  gallon  (9  per  100,000) 
give  turbidity  ;  sixteen  grains  (23  per 
100,000)  considerable  precipitate. 

One  gi-ain  per  gallon  (1'4  per  100,000) 
gives  a  haze  ;  four  grains  per  gallon  (6 
per  100,000)  give  a  marked  turbidity ; 
ten  grains  (14  per  100,000)  a  consider- 
able precipitate. 

One-and-half  grains  (2  per  100,000)  of 
sulphate  give  no  precipitate  until  after 
standing  ;  three  grains  (4  per  100,000) 
give  an  immediate  haze,  and,  after  a 
time,  a  slight  precipitate. 

The  sulphuric  acid  should  be  poured 
gently  down  to  form  a  layer  under 
the  mixed  water  and  brucine  solu- 
tion ;  half  a  grain  of  nitric  acid  per 
gallon  (-0-7  per  100,000)  gives  a 
marked  pink  and  yellow  zone  ;  or,  as 
recommended  by  Nicholson,  2  c.c. 
of  the  water  may  be  evaporated  to 
dryness  ;  a  drop  of  pure  sulphuric  acid 
and  a  minute  crystal  of  brucine  be 
dropped  in  ;  O'Ol  grain  per  gallon 
(-0*0148  per  100,000)  cau  be  easily 
detected. 

Add  the  solution  of  iodide  of  potassium 
and  starch,  and  then  the  acid ;  the  blue 
colour  should  be  immediate  ;  make  a 
comparative  experiment  with  distilled 
water. 

This  is  a  very  delicate  test ;  a  yellow 
colour  will  appear  in  the  water  in 
half  an  hour,  if  there  be  only  one 
part  of  nitrous  acid  in  10,000,000  of 
water. 


If  in  small  quantity,  several  inches  iu 
depth  of  water  should  be  looked  down 
through  on  a  white  ground. 

The  red  for  ferrous  and  the  yellow  for 
ferric  salts. 


When  the  water  is  heated  the  smell  of 
hydrogen  sulphide  may  be  percept- 
ible. 

A  black  precipitate  with  lead,  but  no 
colour  with  nitroprusside  shows  that 
the  hydrogen  sulphide  is  uncom- 
bined. 


1  See  Appendix  A. 
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EXAMINATION  OF  WAI'ER. 
Water  not  Concentrated — continued. 


Substance  sought 
for. 


Oxidisable 
matter,      in- 
clading     or- 
ganic matter. 


Oxidisable 
matter       in- 
cluding    or- 
ganic matter. 

Lead    or  cop- 
per.^ 


Zinc 


Reagents  to  be  used,  and  effects. 


Gold  chloride. 

Colour  varying  from  rose- 
pink  through  violet  to 
olive ;  a  dark  violet  to 
black  precipitate. 


Note  the  darkening  of  the 
nlvcr  chloride  in  testing 
for  chlorine. 


Ammonium  sulphide.  Dark 
colour,  not  cleared  up  by 
hydrochloric  Acid. 


Hydrogen  sulphide,  A 
white  precipitate. 

If  zinc  be  m  considerable 
quantity,  it  is  generally 
present  as  bicarbonate, 
and  gradually  forms  a 
tilm  of  carbonate  on  the 
surface  of  the  water. 
This  film  may  be  collected 
and  heated  on  platinum 
foil.  If  the  residue  re- 
main yellow  when  hot  and 
white  on  cooling,  the  pre- 
sence of  zinc  is  indicated. 
This  reaction  is  very  deli- 
cate.^ 


Remarks. 


The  water,  which  should  be  neutral  or 
feebly  acid,  must  be  boiled  for  20 
minutes  with  the  gold  chloride.  If 
no  nitrous  acid  be  present,  the  re- 
action may  generally  be  considered 
due  to  organic  matter. 

Compare  with  a  precipitate  produced  in 
a  pure  solution  of  a  chloride. 


Place  some  water  (100  cc.  in  a  white) 
dish,  and  stir  up  with  a  rod  dipped  in 
ammonium  sulphide  ;  wait  till  colour 

f)roduced,  then  add  a  drop  or  two  of 
lydrochloric  acid.  If  the  colour 
disappears,  it  is  due  to  iron  ;  if  not,  to 
lead  or  copper.* 

This  test  is  not  available  if  there  be  iron  ■ 

f  resent,  should  the  water  be  alkaline. 
t  forms,  however,  in  perfectly  neu- 1 
tral  waters,  but  not  in  acid.     A  little 
acetate  of  sodium  greatly  aids  this  ;  or  | 
ammonium  sulphide  with  an  alkaline  i 
solution  in  excess  ;  or  acidulate  water 
with  hydrochloric  acid  and  add  polos- 1 
siumferrocyanide ;  a  white  precipicate  I 
appears,  pale  greenish  if  there  be  iron 
in  the  hydrochloric  acid. 


Water  Concentrated  to  -^th  (in  a  porcelain  dish). 


Substance  sought 
for. 

Reagent*  to  be  used,  and  effects. 

Remarks. 

Magnesia. 

Oxalate  of  ammonium  to  pre- 
cipitate lime,  then  after  til- 
tration  a  few  drops  of  phos- 
ptuite  of  sodium  of  chloride 
of  ammonium y  and  of  liq. 
ammonia:.      A    crystalline 
l»recipitate  in  24  hours. 

A  precipitate  forms  in  24  hours,  and  is 
tie    triple    phosphate  either   in   the 
shape  of  prisms  or  in  feathery  crystals. 

'  Sidney  Harvey  (Analyst,  vol.  vi.  p.  146)  recommends  small  cr}-stals  of  ix)tassium  bichro. 
mate.  According  to  him  i^  of  a  grain  per  gallon  gives  an  immediate  turbidity,  ^^  after  1* 
minutes,  and  A  after  30  nimutes.  These  numbers  equal,  respectively,  0  14,  0*07,  and  0-08 
per  100,000.  J  Wanklyn. 

»  Fraukland,  Water  Analysis,  1880,  p.  44. 
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Water  ConcerUrcUed  to  -^^jth  (in  a  porcelain  rfMA)^-continued. 


Substance  sought 
for. 


Phosphoric 
Acid. 


Nitric  Acid, 


Silicic  Acid. 


Lead  or  Copper. 
Arsenic. 

Zinc. 


Reagents  to  be  used,  and  effects. 


Molyhdate  of  ammonium  and 

dilute  nitric  acid, 
A     well  -  marked     yellow 

colour,  and  on  standing  a 

precipitate. 

Brucinc  test 


Evaporate  to  dryness, 
moisten  with  stroTig  hy- 
drochloric  acid ;  after 
standing,  add  boiling  dis- 
tilled water ;  pour  off  nuid ; 
dry,  ignite  ;  repeat  the 
treatment  with  hydrochlo- 
ric acid  and  water ;  dry, 
ignite  again,  and  the  re- 
sidue is  silica,  or  silicate 
of  aluminum. 

As  before. 

Marsh's  or  RciiiscKs  tests. 


Evaporate  to  dryness  ;  treat 
residue  with  caustic  potash 
or  amm>oniaf  filter  and  test 
filtrate  with  hydrogen  sul- 
phide ;  a  white  precipitate 
falls. 


Remarks. 


Add  the  nitric  acid,  and  stir  with  a 
glass  rod,  then  add  twice  the  quantity 
of  molybdate  and  boiL 


If  the  nitric  acid  is  in  small  quantity, 
it  may  not  be  detected  in  the  uncon- 
centrated  water. 

The  residue  may  be  weighed,  and  thus 
the  silica  determined  quantitativoly. 
A  little  clay  or  oxide  of  iron  will  be 
sometimes  mixed  with  it 


If  quantity  be  very  small. 

Water  should  be  rendered  alkaline  with 
sodium  carbonate  before  concentration, 
then  acidulated  with  hydrochloric  acid.  ' 

This  is  necessary  if  the  quantity  be  ' 
small,  or  if  iron  be  present 

If  a  film  of  carbonate  forms  on  concen- 
tration, it  may  be  tested  on  platinum 
foil,  as  before  described. 


Inferences  from  the  Qualitative  Tests, 

Sometimes  no  time  can  be  given  for  quantitative  determinations,  and  the 
qualitative  tests  are  the  only  means  available  by  which  the  questions  so  con- 
stantly put,  whether  a  water  is  wholesome  or  not,  can  be  in  some  degree 
answered.^ 

If  chlorine  be  present  in  considerable  quantity,  it  either  comes  from  strata 
containing  chloride  of  sodium  or  calcium,  from  impregnation  with  sea- water,  or 
from  admixture  of  liquid  excreta  of  men  and  animals.  In  the  first  case  the 
water  is  often  also  alkaline,  from  sodium  carbonate ;  there  is  an  absence,  or 
nearly  so,  of  oxidised  organic  matters,  as  indicated  by  nitric  and  nitrous  acids 
and  ammonia,  and  of  organic  matter ;  there  is  often  much  sulphuric  acid. 
These  characters  are  common  in  deep-well  waters.  If  it  bo  from  calcium 
chloride,  there  is  a  large  precipitate  with  ammonium  oxalate  after  boiling. 
If  the  chlorine  be  from  impregnation  with  sea-water,  it  is  often  in  very  large 
quantity ;  there  is  much  magnesia,  and  little  evidence  of  oxidised  products 
from  organic  matters.     If  from  sewage,  the  chlorine  is  marked,  and  there  is 


Kubel  and  Tiemann  rely  very  greatly  on  the  qualitotive  tests. 


2  X 


690 


EXAMINATION   OF  WATER. 


coincident  evidence  of  nitric  and  nitrous  acids  and  ammonia,  and  sometimes 
phosphoric  acid ;  and  if  the  contamination  be  recent,  of  oxidisable  organic 
matters.  A  stream  fouled  by  animals  or  excreta  may  thus  show  at  different 
times  of  the  same  day  different  amounts  of  chlorine,  and  this,  in  the  absence 
of  rain,  will  indicate  contamination. 

Ammonia  is  almost  always  present  in  very  small  quantity,  but  if  it  be  in 
large  enough  amount  to  be  detected  without  distillation  it  is  suspicious. 
If  nitrates,  &c.,  be  also  present,  it  is  likely  to  be  from  animal  substances, 
excreta,  &c.  Nitrates  and  nitrites  indicate  previously  existing  organic 
matters,  probably  animal,  such  as  excreta,  remains  of  animals,  &c. ;  ^  but 
nitrates  may  also  arise  from  vegetable  matter,  although  this  is  probably  less 
usual.  If  nitrites  largely  exist,  it  is  generally  supposed  that  the  contamina- 
tion is  recent  The  coincidence  of  easily  oxidised  organic  matters,  of 
ammonia,  and  of  chlorine  in  some  quantity,  would  be  in  favour  of  an  animal 
origin.  If  a  water  gives  the  test  of  nitric  acid,  but  not  nitrous  acid,  and 
very  little  ammonia,  either  potassium,  sodium,  or  calcium  nitrate  is  present, 
derived  from  soil  impregnated  with  animal  substances  at  some  anterior  date. 

Tabular  View  of  Inferences  to  he  drawn  from  Qualitaiive  Examination. 


OxidiiMible 

Chlorine. 

matter  by 

Gold 

Chloride,  or 

Silver 

Nitrates. 

Nitrites. 

Ammonia. 

p?«?S.    .^"^P'''^*^*' 

Clawi- 
flcatlon 
of  Water. 

Remarka. 

Chloride. 

1 

Slight.      Sliglit. 

Nil. 

Nil. 

Nil. 

Nil.        !  Trace.      Good. 

A  perfectly  pure 
water. 

Marked.!  Nil  or 

NU. 

NU. 

Marked. 

Present.  |  Trace.      Good. 

A    good    water, 

trace. 

probably  from 
a  deep  well- 
Probably  old  ani 

1  Marked. 

Slight. 

Markeil 

Nil  or 

Trace. 

Trace.    1  Trace.      Usable. 

trace. 

mal      contami- 
nation. 

Large. 

Slight. 

Nil  or 
trace. 

Nil. 

Nil. 

Nil  or      Marked.  Usable, 
trace.  \                \ 

Probably     some 
contamination 

' 

1                 1 

witli  sea-wat*?r. 

Slight.      Well 

Markcil 

Nil. 

Nik 

Nil  or     1  Nil  or     ,  UsaVde. 

Probably     vege- 

marked. 

to 

large. 

trace.  :    trace,  i 

table       impur- 
ity :  peat  I 
Probably  a  shal- 

Marked. 

Nil  or 

Marked. 

Nil  or 

Marked. 

Marked.  Marked.]  Siispi- 

trace. 

trace. 

,     cious. 

low   well,  con- 

1 

tamiuate<l 

1 

with  urine. 

Slight.    1  Marked. 

PrevSent. 

Present. 

Marked. 

Trace,     i  Trace. 

Impure. 

Probably    water 
contaminated 
with          sewer 

1                1 

gases. 
Water   contami- 

Marke*]. Large. 

Marked.!  Marked. 

Marked.'  Marke«l.  Marked.;  Iiinmre. 

1 

i                1                '                1       " 

nated          ^^-ith 

sewage^ 

If  nitrites  arc  pres(;nt  at  first,  and  after  a  few  days  disappear,  this  arises 
from  continued  oxidation  into  nitrates ;  if  nitrates  disappear,  it  seems 
probable  this  is  caused  by  the  action  of  ba^'.tena,  or  other  low  forms  of  life. 
Sometimes  in  such  a  case  nitrites  may  be  formed  from  the  nitrates.  Phos- 
phoric acid,  if  in  any  marked  quantity,  indicates  origin  from  phosphoric 
strata  (Avhich  is  uncommon)   or  seAvage  impregnation.     Wanklyn  has  ridi- 

1  Dr  Frankland  has  considered  these  substances  as  the  representatives  of  *'  previous  sewaf^t* 
contamination."  In  many  ca.ses  they  are  so,  but  it  cannot  be  held  that  they  are  always  so  : 
any  nitrogenous  substance,  nuite  apart  from  sewage,  may  furnish  them,  so  that  the  phrase 
has  been  objected  to,  and  is  better  avoided. 
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culecl  the  idea  of  phosphoric  acid  being  present  in  any  axjpreciahle  quantity 
in  watei'y  if  (as  is  almost  sUway^s  the  case)  lime  l>e  also  prL'seiit.  But,  inde- 
pendent of  the  fat^t  that  the  reaction  of  phosphoric  aci*l  is  olitaioed  in  wnter, 
Hehiier '  has  clearly  sho^vn  that  phosphoric  acid  does  exist  in  appreciable 
quantity  as  phosphates,  especially  in  polluted  waters.  Lime  in  large 
quajitity  indicates  calcium  carbonate  if  boiling  removes  the  lime ;  sulphate, 
chloride,  or  nitrate  if  boiling  has  little  etlect.  Testing  for  cxdcitmi  car- 
Iwnate  is  important  in  connection  with  purification  with  alum.  Sulphtiric 
acid  in  large  quantity,  with  little  lime,  indicates  suljihato  of  grnliuin,  and 
usually  much  chloride  and  carbonate  of  sodium  are  also  present^  and  oii 
evaporation  tlie  water  is  alkaline.  Large  evidence  of  nitric  acid,  with  little 
evidence  of  oi^nic  matter,  indicates  old  contiimination ;  if  the  iirgamc 
matter  he  large,  and  esf>ecially  if  there  be  nitrous  acid  as  wtU  as  nitric 
present,  the  impregnation  is  recent.  It  may  also  indicate  the  absence  of  the 
nitrifying  feniieut  from  the  water. 

To  the  above  qualitative  tests  would,  of  course,  he  added  the  physical 
characters,  wliich  would  to  some  considerable  extent  influence  the  con* 
elusions  to  he  drawn.  When  possible,  the  microscopic  appearances  ought 
also  to  be  carefully  noted,  as  the  presence  of  such  substances  as  epithelium, 
house  refuse,  <fec.,  will  sometimes  justify  us  in  condemning  a  water  which 
may  ap|iear  chemically  only  suspicious, 

A  watL-r  containing  in  apprecialile  quantity  any  metal  (except  iron),  other 
than  the  alkaline  and  earthy  met^ils,  is  to  he  condemned. 

A  water  coutiiitiing  any  gas  other  than  oxygen,  nitrogen,  or  CO^  is  to  be 
considered  suspicious,  ami  not  to  be  used  without  boiling  or  filtration,  or 
both. 


Quantitative  Examination  of  Dissolved  Solids. 

The  discrepancies  which  are  sometimes  found  in  the  consecutive  auidyses, 
or  in  analyses  liy  two  observers  of  the  same  water,  probably  often  arise  from 
the  difficulty  of  always  separatmg  the  suspended  matters,  Conseipiently 
two  Siimjiles,  apparently  similar,  may  in  reality  contain  variable  quiuitities  of 
suspended  matters  which  atfect  the  determination  of  the  solids,  or  mfluence 
otlier  tests. 

To  avoid  this  source  of  fallacy,  if  tlie  waiter  he  sedinii'utous,  the  portion 
to  be  examined  for  solids  should  be  i>luced  in  a  well  i>4t<q>pered  b(jttle  in  a 
dark  place  for  twenty-four  or  forty-eight  hours,  until  ail  sediment  luis  sub- 
sided, and  the  clear  water  sliould  be  then  siphoned  oti.  If  the  sediment  is 
too  fine  t*i  subside,  the  water  must  bo  filtercMl  thnmgli  paper  (previously  well 
washed  with  weak  hydrrM'hloric  acid,  and  then  witli  distilled  water,  and  then 
dried),  liut  if  [K>ssible  hit  ration  should  l>e  avoided. 

Of  the  solids  in  water  some  are  mineral,  and  derived  from  the  mineral 
constituents  of  the  soil,  such  as  lime,  Hiagnesia,  ami  part  of  the  chlorine, 
and  of  the  sulphuric,  carbonic,  and  silicic  acitls ;  others  are  also  inorganic, 
but  are  derived  from  the  remams  of  animals  or  vegetahlci*,  by  oxidation  or 
solution,  or  from  the  atmosphere^  such  as  ammonia,  nitric  acid,  nitrous  acid, 
some  of  the  Lhlorine,  and  of  the  sulphuric  and  phosphoric  acids.  Other 
constituents,  derived  from  numerous  sources,  are  vegetable  or  animal  matters, 
which  are  usually  unstable,  and  arc  undergoing  disintegration  ami  oxidation. 
They  may  he  nitrogenous  or  not.  The  composition  of  these  sulisUinces  is 
doubtless  extremely  various  j    the  determination  of  the  toUd  quantity  ia 


1  Analjfttt  vol  v.  p.  13.5 
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difficult ;  the  separation  of  the  different  kinds  from  each  otlier,  at  piroaeiit, 
impossible. 

The  meth«xls  by  which  the  quantity  of  this  organic  matter  (to  use  iU 
familiar  name)  can  be  expressed  have  been  lately  much  debated,  and  even 
now  there  is  no  general  agreement  ;^  nar,  at  present,  is  there  any  plan  by 
which  dissolved  vegetable  may  be  distinguished  from  animal  matter,  except 
by  reference  to  the  microscopic  characters  of  the  sediment,  to  the  souice  of 
the  water,  and  the  coincident  inorganic  substances. 

The  quantitative  processes  which  appear,  in  a  hygienic  sense,  to  be  most 
useful  are  as  follows  i — 


1  Th«  folloinrlng  pljinA  liave  tieen  tried  at  micoessiTe  times  x — 

1.  The  estimation  by  igiution  of  tbe  dried  eolid^.  However  useful  igoition  Li  a»  tndicatbi^ 
the  presence  of  nitrttj^'s,  uitrates,  or  organic  matter^  the  results  are  ver>'  unc^rtAin  »s  regpards 
quauiity,  ovnug  to  the  loss  of  hygroscopic  water,  the  decom^toaition  of  cArbouate^  and  rrrors 
arising  in  re<  nrlKJuating,  the  Iohs  of  mtrite*  aii<l  ijitrate«,  and  in  some  cases  of  chlortiie,  Bfi 
well  fts  the  daHtructjon  of  organic  matter.  Hence  "  snhstances  driven  off  by  lieat,  or 
"  volatile  substances/*  is  not  an  equivalent  expression  for  **  oi^ganic  matters," 

2.  Precipitation  by  percUloride  of  iron^  weighing,  incinerating,  and  weighing  ngiiiii.  Tha 
diflieulty  here  ia  that  all  the  organic  matter  l^  not  precipitated^  and  other  mineiml  snbituioea 
may  Vte. 

'6,  The  determination  of  the  nitrogen  and  carlxin  in  the  organic  substances.  Tbif  is  tht 
plan  proi>osed  by  Dr  Franklaml,  who  determines  the  nitrogen  in  the  ammonia,  nitric  and 
nitrouA  slcuU  which  may  be  present,  and  also  that  in  orgranic  combination,  and   in  tbw  way 

fets  at  the  nitrogen,  which  must  have  former  I  part  of  the  oi^anic  matter  {**  organic  uitron^eti  "^ 
n  the  same  way  tbe  carbon  existing  other  than  in  the  shape  of  carbonic  acid  ts  determlQeil 
("  organic  carbon  "),  He  has  i>roj»osed  a  most  ingenious  and  beaniifol  prore«<»,  th**  trwst 
recent  and  best  account  of  which  in  contarnc'd  in  hi*  Water  Analysis  /or  >S  •«», 

1880,  p.  59.     This  plan  re4]nires  so  muoh  apparatus,  time,  and  slull  as  to  b  ]{« 

reach  of  medical  omcBrn,  and  it  would  also  apjiear  tliat  in  the  hanils  of  eveu    .  ^  _ ^t* 

it  gives  contmdictory  results  ;  the  rmantities  are  in  fact  so  small,  and  tbe  ehauc«s  of  error  to 
repeated,  that  in  its  present  fonii  tnis  really  beautiful  plan  seems  not  adapted  for  hygieojc 
water  analysis.  It  ia  also  rliJficult  to  know  what  eonstruction  should  be  put  on  tbe 
A  water  Gontaining  niucb  non- nitrogenous  organic  matter  may  give  a  rery  miich  Img^ger 
of  **  organic  carbon  "  than  a  water  contaitiiog  a  much  smaller  amoimt  of  nltrageiicmi 
and  yet  be  much  less  hurtfuL 

4.  ThB  {leternii nation  of  the  nitrogen  of  the  organic  matters  (as  ammoniji)  by  nwaas  of 
alkaline  oermangauate  of  potassium  (''  albtiminoid  ammonia  "),  aftW  all  ammonia 'existing  as 
such  ill  tlie  water  has  Iteeit  got  rid  ot  Tlii.H  plan,  propoAed  by  WankJyn  and  Cbariman,  has 
the  merit  of  sim(>licity  and  rapidity.  It  has  been  objecteil  to  by  Frankland  on  the  ground 
that  the  whole  of  the  nitrogen  is  not  obtained.  There  is  no  doubt  of  this ;  but  W»ak!yn 
aflinns  that  the  *piantity  obtainetl  in  constant,  and  therefore  comparison  between  dUfenfut 
w&ten>  mn  be  institnteiL  Thudichum  and  Duprc,  in  their  work  on  irin<r  (p.  26"i\  "^  *  *^  it 
they  find  the  albuminoid  ammonia  proee^"*  so  accurate  for  albumin  in  wine,  t'  -^ 
it  in  preference  to  all  other  methoils.  It  mnst  ha  confesseti  that  this  point  has  not  A 
to  the  bottom,  antl  that  esjieciHlly  the  relation  of  the  **  albuminoid  ummonia**  to  di^oiu  pro- 
duced by  the  water  has  not  been  yet  ma«ki  out.  The  "  albnnviuuid  ammonia  "  of  pnre  potable 
water  has  lieeu  simply  Liken  as  a  standard,  ami  the  wholesomeuess  of  other  waters  jn<lgcd 
of  by  reference  simply  to  this.  But  at  the  present  time  it  is  the  most  convenient  process  w» 
have,  and  (with  ^me  reservation  as  to  the  preeist?  inferences  to  be  drawn  from  it  j  it  hu  baen 
pretty  generally  ado|>ted. 

5,  TWO  other  proce^se*^  that  of  Dittinar  and  Robinson,  and  that  of  Dnpre  and  IlAke^  ai* 
demerit  ted  in  Frank  land's  Water  Analgsis^  hut  neither  seems  adapted  foi'  tbe  use  of  medical 
oihcers. 

t;.  El^tinmtiou  of  the  organic  matter  in  terras  of  the  oxygen  required  to  oxidise  it«  the  per- 
inangauate  of  pof4Lssium  l>eLng  the  oxidising  agent.  This  process  (origitially  propcMcd  hj 
Forchamnier  of  Copenhagen)  has  lieen  much  used  and  much  objected  to»  and  some  cbeiiiisia 
have  now  given  it  up.  It  gives,  certainly,  only  an  approximation,  requires  care,  and  will  iwly 
iuilicate  the  oi^auic  matter  capable  of  oxidation.  Vet  it  gives  really  useful  information,  4« 
it  often  adds  additional  evidence  to  Wanklyn's  luethod,  and  pvea  some  indication  a»  to  tli* 
oM  or  recent  origin  of  nitric  acid,  and  is  t-asy  of  npplicstiau.  The  objections  mged  i^C^^ii^t  it 
by  Fratiklantl  Im^e  l*eeii  rccentiy  nKH!ihfc'd,  and  it  is  a«  knowledged  as  a  prooens  of  v«lli«,  when 
^irojjerly  applied^  It  would  be  very  undfj^irable  to  di-iL.-.Titinue  it  ;  and  in  those  tiuas  wher«; 
Irom  want  of  app«Titus,  the  distination  necessary  for  VVanklvn  and  Chapman's  methoil 
cannot  Ix?  ^lone,  it  is  at  present  absolutely  essential.  Kiibel  and  Q^ieinanu  reject  both  Ftiuk* 
hind's  ami  Wanklyn's  methods  as  untrustworthy,  and  tnist  to  motlitlcations  of  tb«r  pfr* 
inanganate  process'  For  further  discussion  of  the  subject,  see  under  "  Organic  matter/* 
later  on. 
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Determination  of — 

1.  DiH^^lved  iioU^Is.     (fi)Tot4il     (6)  Fixed,     (c)  Yoktile. 

2.  Chlorhie. 

3.  Hanhitu.     {a)  Total,     {h)  Fixed,     (c)  Removable. 

4.  Frfe  or  mitne  ammmtia  atul  nitrogenous  orfjank  ma  tier, 

(«)  Free  ammonia, 

(6)  Afhnmhiuid  aiiuiionia, 

5.  Oxidisahlf  watter  mul  jmjducts  of  organic  nxidaticm, 

(a)  In  terms  of  ojcygtn  requirerl  for  tutaJ  *vdduaLh  matter, 
(If)  In  ttrma  of  oxytjm  retjuirod  for  organir  matter  only* 

(c)  Nitrotts  amL 

(d)  Nitnc  a(*uL 

6.  Phmphoric  and  in  phosphates. 

7.  Suljthtirir  oTiV/,  mika,  irmt^  tuid  the  alkaline  carbonates  may  l>e  deter- 
Eiinetl^  hut  are  seldom  required. 

Tlif  wtatemeui  of  results  is  usually  j^iven  in  this  country  in  grains  per 
gallon^  or  in  parts  in  100,000  {centigranimea  per  litre),  or  in  parti^  per  million 
(milligrammes  per  litre).  It  is  mueh  %o  lie  ilei^ired  that  one  uniform  motie 
slioulrl  be  definitely  adi>ii|ed,  in  r>rder  Ui  avoid  the  confiLsion  which  at  pre- 
sent undoubtedly  exij^ts  in  this  t.•ountr>^  In  this  work  the  denomination 
will  genendly  l>e  parts  i>eT  100,000  (centigrammes  per  litre),  For  com- 
parison of  metrical  and  other  weights  and  measures,  aee  Appendix. 

1,  Petennifiotion  of  the  Dissolved  Solids* 

(a)  Total  whxh, — The  remark  already  made  about  suspended  matters 
must  be  attended  to  ;  if  possible,  obtain  a  clear  water  by  subsidence  rather 
than  by  filtering  thrungh  paper  The  solids  are  detenniued  Ijy  evajioration. 
If  very  good  scales  are  available,  200  c,c*  of  the  water  are  sullicient,^  if  the 
scales  are  inferior,  500  or  1000  c.e.  of  the  wat^er  must  l>e  taken  ;  then 
evaporat<i  to  dryness  with  a  moderate  lieat,  taking  care  that  the  wat<^r  does 
not  Ixjil,  else  there  may  be  loss  from  spurting.  If  the  smaller  qimntity  he 
t4iken,  the  whole  evuponition  may  be  conducted  in  one  vessel  (of  platinum » 
if  possible) ;  but  ii  the  larger  amount  must  l>e  used  the  evaporation  sliould 
he  commenced  in  a  large  evaporating  dish,  and  the  concentrated  water  and 
defiosit,  if  any,  transferred  into  a  small  weiglied  crucible.  Tlie  transference 
tlemands  greiit  care,  so  that  none  of  the  solids  shall  rLmiain  encrusted  in  the 
evajKjrating  dish.  All  the  contents  of  the  large  dish  being  tmnsferred, 
evajKirjite  to  complete  dryness  in  air,  water,  or  steam  hath,  at  212''  Fahr. 
(100°  C).  Weigh  as  soon  as  the  capside  is  cokl,  as  the  dritnl  mass  may  lie 
hygroscopic.  It  may  be  necea&iry  to  replace  it  in  the  bath  and  weigh  iigaiii 
after  an  interval  of  half  an^iour.  If  there  is  no  material  dilTerence  the 
drying  is  completed. 

Professor  Wanklyn  advises  a  very  simple  form  of  steam  batli.  A  common 
two-gaUon  tin  can  is  taken,  a  perforatcil  cork  fitted  in  tin"  mout!i,  anil  a 
funnel  piissed  through  the  jierforation  ;  the  crucible  is  placed  in  the  fuimeb 
a  little  Toll  of  paper  being  placed  between  the  funnel  and  crucible  to  let  the 
steam  pass.     Water  is  boiled  in  the  tin  can. 

Br  Frankland  recommends  that  the  heat  shall  not  he  carried  above  212' 
Fahr.  {100''  C),  whilst  S43me  chemists  advise  a  heat  of  over  300  (140*  C). 
At   212''   (lOO""  C\)  suibeiently   eonqilete  drying  can  be  obtiiine+l  by  pro- 


1  Waiiktyn  reconimentU  a  "  miuJiitun*  gallon  "  of  70  cc,  wblch»  be  wySj  evapocmtas  in  ( 
liour*    Tbiji  iM  loo  smAll  a  qinuitity  to  work  oa. 
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longed  exposure,  whilst  at  the  higher  temperature  we  risk  destroying  the 
oiganic  matter. 

The  Society  of  Public  Amdysts  recommend  evaporating  first  in  a  water 
bath,  then  drying  the  residue  at  220**  Fahr.  (104°-6  C),  and  finally  cooling 
under  a  desiccator.*    It  would  be  well  not  to  exceed  220**  Fahr.  (lOi^'-S  C). 

The  determination  of  the  total  solids  is  an  important  point,  and  should 
be  carefully  done.  It  gives  a  control  over  the  other  quantitative  deter- 
minations, and  if  erroneous  may  make  the  other  conclusions  wrong. 

(6)  Fixed  Solids. — Incinerate  the  dried  solids  at  as  low  a  heat  as  possible ; 
watch  the  process,  and  note  if  there  bo  much  blackening,  or  if  any  fumes 
can  be  seen,  or  any  smell  be  perceived  as  of  burnt  horn.  A  piece  of  filter- 
ing paper  dipped  in  solution  of  potassium  iodide  and  starch,  and  then  dried, 
or  a  piece  of  ozone  paper,  should  be  held  over  the  cniciblc  to  detect  any 
nitric  oxide  which  may  be  given  off. 

(c)  Volatile  Solids. — ^The  loss  on  ignition  may  be  stated  as  "volatile 
substances."  It  consists  of  destructible  organic  matters,  nitrates,  nitrites, 
ammoniacal  salts,  combined  water,  combined  carbonic  acid,*  and  sometimes 
chlorides.  The  variableness  of  the  composition  of  the  "  volatile  substances  " 
has  led  to  the  disuse  of  the  process  by  ignition  as  too  uncertain.  Combined 
with  other  evidence  it  gives,  however,  some  useful  indications.  The  in- 
cinerated solids  may  be  examined  for  silica  and  iron,  as  hereafter  noted. 

The  statement  of  the  results  may  be  given  in  various  ways,  as  before 
mentioned,  but  the  ratios  most  used  nowadays  are  ports  in  100,000  (equal 
to  centigrammes  per  litre)  or  grains  in  a  gallon  (equal  to  parts  in  70,000). 

Example.— I.  Total  solids.— -200  c.c.  dried  as  described:— 

Weight  of  dish  and  residue,       .  .  19*27  grammes. 

,,      of  dish  alone,     .  .  .  .  19*28        „ 


Difference,     .  .  .  .  0*04 

being  grammes  of  total  solids  in  200  c.c.  of  water. 

To  bring  to  centigrammes  per  litre,  or  parts  per  100,000: 

0*04  X  500  =  20  —  centigrammes  per  litre,  or  parts  per  100,000. 

To  bring  to  grains  jMsr  gallon : 

20  X  07 -» 14*0  grains  per  gallon. 

2.  Fixed  solids,  — The  above  residue  is  incinerated,  and  the  CO.j  restored  to  the  earthy 
carbonates  if  required. 

"Weight  of  incinerate<l  residue  and  dish,  .  19*26 

,,      of  dish  alone,     .  .  .  .  19*28 


Difference,    .  .  .  .  0*03 

being  grammes  of  fixed  solids  in  200  c.c.  of  water. 

0*08  X  500  =  15  parts  per  100.000. 
15  X  0*7 —  10 '6  grains  per  gallon. 

3.    Volcdile  solids ;—  parts  per  100,000.  Grains  per  gallon. 

Total  solids,  -  20*0  14*0 

Fixed    „  =  15*0  10*5 

Difference,  being  volatile  solids,    5*0  3*5 


1  Tieniann  reconinieuds  100°  to  180"  C,  equal  to  302*  to  356"  F. 

»  This  may  be  partly  restored  by  adding  a  little  saturated  solution  of  ammonium  carbonate, 
and  then  drying  and  diiiving  off  the  excess  of  ammonia. 
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2.   DHfrminatlon  of  Chlorine. 

Chlorine  may  be  determined  'iery  rapidly  by  tlie  volumetric  method. 
For  this  purpose  a  solution  of  p<jtasaium  mofio-chromate  and  a  standard 
solution  of  silver  nitrate  are  required.^ 

Talve  100  cc.  of  tlie  'water  to  be  examined  ;  place  it  in  a  glass  vessc^J 
ittanding  on  a  piece  of  white  pajx'r ;  add  1  c.c.  of  potassium  mono^diromate 
^iohitiouj  wliich  must  lie  fret?  from  chlorine,  drop  in  the  silver  nitnite  from 
the  burettCj  and  stir  after  each  adtlitinn.  The  red  silver  chromate  which  i,s 
at  first  formed  will  disappear  as  long  as  any  ehlorine  is  present.  Stop 
directly  the  least  red  tint  is  permanent.  Neither  tlie  SHlutioji  of  silver  nor 
the  water  must  be  aeid  ;  if  the  latter  is  acid  it  sliouM  be  neutmlised  %vith 
a  little  pure  carbonate  oi  soda.  As  each  c.c.  of  the  silver  solution  e4|uals  1 
nigm.  of  chlorine,  the  number  of  c.c.  used  indicates  the  ragms,  of  chlorine  in 
iOO  c,c.  of  the  water,  that  is,  the  parts  per  100,000. 

Kmmplc. — In  IOO  e.c.  of  water,  1  c.e.  of  p-atas-sinm  mona-cbromnte,  and  1*5  c,c.  of 
rtilver  wlution  pivi*  a  ]M?rmniitiat  red  tint,  therefore'  tlio  water  Laut>iiiia  1*5  ports  per 
100,000  of  chlorine  ;  1  *5  x  07^1  *05  grains  per  givllon. 

3.  Ilardnesg, 

Clark's  very  useful  soap  test  offers  a  ready  mode  of  determining  this  in  a 
manner  quite  sufiicient  for  hygienic  and  economic  purposes.-  The  processes 
with  the  soap  test  may  be  divided  into  t\vo  headings. 

I.  The  determination  of  the  aggregate  earthy  S!dts»  atid  free  carbonic 
acid,  as  expressed  by  the  t^rm  total  /tardness.     The  aggregate  determination 


» 


'  For  the  prepanition  of  the  solutions,  «««  Apjicndix  A. 

'  The  fdlowini;  j>rocesN  i1escrih«d  hy  Hehner  is  reconiniendetl  by  LefTmaQ  and  Beom ; — 

Solutions  R&gumED. 

*Stitnd^rd  Sodium  Carbonait. — 1"06  j^ramiuen  of  recently  igiiitt»d  pnre  sodium  carbonate  are 
lUhHolvtHl  in  Walter  and  the  solution  ililutt**l  ti»  10(M)c*c.  1  c.c.  =  0'00106  gramme  XojOO,  equl- 
\i\\mi  tf*  0  (XH  gramme  CaCO^ 

i^andard  iSidphuric  Acid. — 1  o,p.  of  pnre  concentrated  Kulpbnric  acid  in  achlud  to  ttlxjut 
1000  c.c*  of  water,  50c,c.  of  thw  stHntkrtl  solium  csirVionat*}  in  plae«d  in  a  pontlum  tUnh, 
hmt«d  to  boiliug,  u  fi-w  drops  of  a  Holution  of  phi?niU'<?tolin  or  hieuioid  ii<1de<1  nml  the  snlphimc 
suiid  cautiously  run  in  from  a  hnn^tte  until  the  proi>er  change  of  Lolour  occurs. 

From  the  tipuro  thun  obt.iiued  thu  exlf  nt  to  which  the  ncid  should  he  diluted  in  order  to 
uiakti  1  cc.  of  the  sodium  cftrlwuate  tMjuiviikuit  to  1  c.c.  of  the  acid  may  btJ  calculated.  Tln« 
proper  amount  of  water  b  then  added  and  the  solution  verified  by  again  titratiag* 

Analytical  Phcx^e-ss, 

Tt-mporaru  Bardnejts.—IOQ  c.c.  of  the  water  tinted  with  the  indicator  is  heated  to  bdllng. 
jvtifl  the  B!il|iihurio  acid  cantiously  run  iu  until  the  colour  change  occurs.  Kacb  0.C  requlreil 
will  repr»i,'ient  one  jmrt  of  calcium  carbonatt  or  its  e^quivalent  per  100,000  partA  of  the  water : 
thix  multiplied  by  ten  will  give  milligramnieft  |Hir  litre. 

Pennanent  i/arirfiteM.--To  100  c.c.  of  tlie  water  U  atlded  au  amount  of  the  >iodinm  carbonate 
Molutton  more  than  HUllioieut  to  discompose  the  calcium  and  ruague^1ium  !%ulphate»,  chlorides 
and  nitrates  present:  usually  a  bulk  eqmd  to  the  water  taken  will  in:  more  th.an  sntlieieut. 
The  mixture  lis  evaporated  to  dryness  in  a  nickel  or  platinum  dish,  and  the  residue  extractetl 
with  ilistilletl  water.  The  solution  is  Hltered  through  a  very  small  filter,  and  the  tillrate  and 
washings  titrated  hot  \\ith  sulphuric  acitl  as  aliove :  or 25  c.c.  of  diJitilled  water  maybe  poured 
on  the  ref^idue^  and  the  solution  obtained  liltercd  through  a  dry  filter^  the  filtrate  rneaHured 
and  titrated.  The  dilRTcuce  hetween  the  niiuiber  of  cc.  of  Kotlium  oarbouate  u.sed  and  the 
acid  required  for  the  rej^idue  will  give  the  permanent  hardncHK. 

If  the  water  contains  so<Unm  or  potassium  carljonate  there  will  be  no  permanent  hardness 
and  there  will  be  wore  acid  required  for  the  filtrate  than  the  equivalent  of  the  godjum  carbo* 
nate  adde<l.  From  this  excess  the  quantity  of  MMlium  carlxmato  in  the  water  may  be  deter* 
mined. 

8inco  any  alkali  carbouate  in  the  water  wouhl  be  erroneously  cjilcnlated  m  temporary  har<l- 
neaa  by  the  direct  titration^  the  eqnivalentj  in  tenn:«  of  calcium  carhonat(%  of  the  Alkali  car^ 
Imuate  present  should  be  deducted  from  the  fipire  given  by  the  titration  in  onler  Ut  get  th« 
true  temporary  harducKH,  {Exmnirtntion  of  Water  fur  Sdnitartf  (tnd  TecJiniml  Pm^poxs^  by 
Utfiiian  and  Beam.    Pbikdelphia,  IE&^,) 


696 


EXAMINATION   OF  WATER. 


can  be  divided  into  two  kinds  of  liardnesa,  viz.,  that  whicli  is  uiiatfocterl  and 
that  which  is  affected  hy  boiling,  :iiid  these  are  termed  the  permaneni  and 
the  removahh  hardness. 

II.  The  detciiui nation  of  the  amount  of  certain  canstitiienta,  as  the  lime, 
magnesia,  sulphui'ic  acid,  and  free  carbonic  acid.  Thege  results  are  only 
npproxiniative,  especially  in  the  ciise  of  the  magnesia ;  but  they  are  xf^rj 
nsefnl,  as  they  give  its  enough  information  for  bygieiiic  purposes,  and  are 
tlonc  in  a  very  sliort  time. 

ApjmraliLs  arid  reagt'nt  requlrfd  for  the  Soap  Test. — Burette  div^ded  inin 
tenths  of  a  cubic  centimetre ;  mcasuj^  of  50  ex.  or  100  c.c. ;  stoppere«1 
bottles  of  aljout  100  c.c.  (4  ounces)  capacity.  Standard  soap  solution* 
1  ex.  -  2 "5  niilligmnimes  of  calcium  carbonate.^ 

Raiionah  of  the  Proc^j?jr.~~\Vhen  an  alkaline  oleate  is  mixed  \vith  pure 
water,  n  lather  is  given  almost  imniediaUdy  ;  but,  if  lime,  magnesia,  iron, 
barytii,  alumina,  or  other  substances  of  tliis  kind  lie  present,  oloatxf.^  of  these 
kises  are  formed,  and  no  lather  is  given  until  the  earthy  bases  are  thrown 
down.  Free  (but  not  combined)  carbonic  acid  prevents  the  lather.  The 
soap  combines  in  eqnivalent  projjortions  with  these  bases,  so  that  if  the  siiaji 
solution  be  graduated  l»y  a  solution  of  known  strength  of  any  kind,  it  will 
be  of  equivalent  strength  for  corresponding  sohititui  of  other  bases.  There 
are^  however,  one  or  two  points  which  render  the  method  less  certain,  Ob** 
of  these  is  tbut»  in  the  case  of  magnesia,  there  is  a  tendency  to  form  doubh* 
salts  (Play fair  and  Campljell),  so  that  the  determination  of  magnesia  is  nevi^r 
so  accurate  as  in  the  cases  of  lime  or  baryta.  Carbonic  acid  appears  t*» 
imite  in  equivalent  proportions  when  it  is  passed  through  the  soap  solution  ; 
but  if  it  be  diffused  in  water,  and  then  sliaken  up  with  the  soap  solution, 
J^o  equivalents  of  the  acid  unite  with  one  of  soap. 

|BTo  avoid  the  repetition  of  the  term  "tenth  of  a  centimetre,"  it  wUI  be 
"convenient  tn  call  each  tenth  of  a  centimetre  (me  measurej  and  this  precipi- 
tates 0*25  of  a  milligi'amme  of  ealciinn  carbonate.^ 

Froct$$es  with  the  Soap  Te^t, 

(a)  DdenniJiation  of  the  Total  Jlardn^^s  of  the  Water. — Take  50  c.c.  of  the 
water ;  p>nt  it  in  a  small  stoppered  bottle,  and  add  the  soap  solution  from 
the  burette,  slrnking  it  strongly  after  each  addition  until  a  thin  uniform 
Iwady  lather  siireads  over  the  whole  surface  without  any  break.  If  the 
lather  is  permanent  for  ten  niiinites,  the  jirocess  is  comi>lete ;  if  it  breaks 
l>efore  that  time,  add  a  drop  or  two  mt^re  of  the  solution,  and  so  proceinl 
until  a  lather  be  olitained  that  is  jtermanent  for  tt^n  minutea 

Til  en  read  oif  the  numlier  of  nwa^nn's  of  soap  sokition  used. 

From  the  t<jtal  numlier  of  ?neasurfs  (or  tenths  of  a  centimetre)  used  deduct 
2,  as  that  aniount  is  necessary  to  give  a  latluT  with  50  c.c,  of  the  purest 
wat^'r,  and  this  deduction  has  to  be  made  in  nil  the  i)rocesses.  The  soap 
wlution  which  has  been  used  indicates  the  hardness  due  to  all  tlie  ingre- 
dients wdiich  can  act  on  it ;  in  most  drinking  waters  these  are  only  lime  and 
magnesium  Siilt^s  and  free  carlx;inie  acid. 

The  amount  of  this  total  haixlness  is,  for  convenience,  usually  expreesed 
either  in  degrees  of  the  metrical  scale  (  =  j>art«  per  100,000)  or  in  grains  i>er 
gallon  of  calcium  carbonate,  each  grain  reitresenting  1  degree  of  hardne^ 
on  the  scale  |>roposed  by  Br  Clark.  Of  course  it  is  understood  that  thf 
hanlness  depends  on  various  constituents,  but  is  equivalent  to  so  much 
calcium  carbonate. 


See  Appendix  A. 


>  A  weaker  solatloii  is  oft«ii  used ;  see  Appendix  A. 
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This  is  done  as  follows : — 

Each  0*1  ex.,  or,  in  other  words,  each  meaxure^  of  our  soap  solution  coire- 
^sjHjnds  to  0*25  mgui.  of  wil<  lum  carbonate.  ^luJtiply  this  coefficient  hy  tlie 
number  of  measures  of  soap  sohition  usetl,  and  the  result  is  the  liaixlncss  of 
50  C.C.  of  water  expressed  as  ailciuni  carhoiiato.  Then,  us  we  have  acted  on 
50  c,c,  only,  nndti]ily  by  2,  to  give  the  mgnis.  in  100  e.c,  that  is  the  parts 
]>er  100,000  ;  or^  more  simply,  divide  the  net  measures  of  soap  by  2. 

JUrmnple. — A  lather  was  givttii  with  3  "2  cc^,  or  32  menanres  of  the  soap  solution, 
(32  -  2)  X  0  '26  X  2  -  30  Jt  0  -5  -  30 4-2  - 1 5  degrees  of  hardness  oa  the  metrical  scale  ; 
]  5  X  0  7  — 10  '5  degrees  on  Clark's  scale. 

To  convert  metrical  degrees  into  Clark's  scale,  multiply  by  0*7  ;  to  convert 
Clark's  scale  into  metrical  degrees,  divide  by  0*7, 

If  the  hardnefis  of  the  water  exceeds  40  measures  of  the  soap  solution,  25 
c.c»  of  water  oidy  should  be  taken,  and  25  c.c.  of  distilled  water  added.  The 
net  nieasnres  nse<l  then  indicate  the  partes  per  100,000. 

(h)  lite  Fenmtnnit  or  FUrd  HmxinfM. — Take  100  c.c.  of  the  water  and 
100  c.c.  of  distilled  water;  boil  iu  a  liiLsk  hriskly  for  half  an  hour,  and  then 
make  up  the  bnik  to  exactly  100  c.c,  with  distilled  water;  allow  it  to  cool 
down  to  t>0°  Fahr.  (15* '5  C.)  in  the  vessel,  which  should  be  corked,  and 
determine  hardness  in  50  cc.  If  distilled  %vater  is  not  procuxablej  then  boil 
200  c.c.  down  to  100  ;  take  half  the  remainder  (  =  100  of  unboiled  water) 
and  detijonine  Ijardness.*  After  <lediicting  2  measures,  divide  the  number 
of  measures  ^iy  2  for  the  hardness  of  50  c,c.  and  calculate  as  usual. 

By  boiling,  all  c^arbonic  acid  is  driven  off;  all  calcium  carbonate,  except  a 
small  quantity,  is  thrown  (town ;  the  calcium  sulphate  and  chloride  are  not 
affected  if  the  evaporation  is  not  carried  too  fur;  the  magnesiinu  carlionate 
tit  first  thrown  down  is  redissolve<l  as  the  w*ater  cools. 

Exttmpte. — ^BefofB  boiling,  32  measures,  and  after  boUing,  13  measuresr  of  the  soap 
Holutiou  were  oaed. 

13-2  (  =  11)42  —  5  *5  degrwuj  of  the  metrical  acalc. 
5*5  X  07  =  3-85  degrees  of  Clark's  scale. 

(e)  Removahh  HardneM. — TIic  ditference  lietween  the  total  and  the  fier- 
manent  harrlness  is  the  temporary  or  removable  hardness,  which  in  the 
example  would  he  15  -  5"5  =  9'5  degrees  of  the  metrical  scale,  and  10*6-  3*85 
=  6 "65  degrees  of  Clark's  scale. 

The  amount  of  permanent  hardness  is  very  important,  as  it  chiefly  repre- 
sents the  most  objectionable  earthy  salts — viz.,  calcium  sulphate  and 
chloride,  and  the  magnesiiui  salts.  The  greater  the  ]>enuaiient  hanlness, 
the  more  objectionable  is  the  wat^r.  The  permanent  hardness  of  a  gocnl 
water  should  not,  if  possible,  he  greater  tlian  about  5""  of  the  metrical  scale, 
eqnal  to  T  or  4*  of  Clark's  scale. 

The  determination,  then,  of 

L  Tlie  tnfal  hartlness, 

2.  H\\Q.  j^a^manent  or, /?jrtf  hanlness, 

3,  The  iem}Mjrary  or  remoimhlf  hardness, 

will  enable  us  to  speak  positively  as  to  the  hygienic  characters  of  a  water, 
so  far  as  earthy  salts  are  concenie<b* 


'  If  til  ere  is  raticli  ftxecl  liaTdnesa  tbb  proceus  l»  hardly  available. 

3  iMermination  of  certain  Canndtuentt  by  ^fw^j.— In  many  cases  the  analysis  must  end 
witli  the  ahiTHe  proc^^HstK  ;  Vmt  it  may  he  deainible  to  varry  it  further,  nud  to  detenuine  tlic 
nmount  olnonie  jiij^redients  ;  for  example,  lime,  inaguej^ia^  sulphuric  acid,  awl  carbonic  acid* 

An  approximate  estimate  can  be  given  of  iteveral  of  t1ie.^e  iugreiiietits  by  the  j^oap  te«t| 
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4.  Beief^nation  of  the  Organic  Matters  and  their  Produeis  in  Wetter. 

As  already  stated,  the  {letermi nation  of  organic  matter  iii  %\'ater  is  difficult, 
and  many  processes  hare  lieen  proposed.     Some  are  obviovtsly  out  of  the 
question  far  metiica,!  officers,  save   in   exceptional   eircumstances.      T' 
therefore,  are  described  here  which  are  not  only  likely  to  ^va  suil 
information  for  hygienic  purposes,  but  also  to  be  wiUiin  the  range,  for  th«5 
most  part,  of  the  medical  officer'a  appliances. 


which  is  sTiificient  for  hyifieQit*  purjioj^es  ;  sind  any  one  who  has  learned  to  determine  pfoperl)* 
the  liardne^H  of  a  water  will  >»e  ivbl«  to  carry  on  thb  process  into  finer  details* 

Limt'  hy  the  Si»-tp  T'ew/.^Meii.MrH  Boutron  and  Boudet  have  proponed^  fttttr  ^l  h'on  of 

total  harilness,  to  ]in'<;ipitatfl  thtj  liniie  by  aiimjoniuiu  oxalut'e,  and  tlni'H  to  dt o  bftrd- 

ness  again,     nie  diltVrtMict'^  will  \m  owing  to  lime  removed.     Thv  difficult ^^  to  aitd 

eitough,  and  not  too  iwueh,  of  amnion imn  oxalAte,  wMch  itstslf  in  exc€a«*  givW  hArvLueai,-*. 

The  best  way  to  iierlbrni  thin  nrocesH  is  to  h«ve  a  iwrfectly  eouotiutrated  clear  solutii 
of  niumoniuni  oxalatt%  and  to  ada  to  50  c,c.  of  water  1  drop  for  every  4  mea^nires  of 
Bolntiuti  nstd  ;  tluu  in  other  bottle.H^  to  add  respectively  1,  %  and  3  drops   more.     Tbi 
determine  hardness  of  all  th«  bottle  and  Hclect  the  renult  which  gives  the  least  honlDedf 
In  thi^  way  we  can  hit  on  the  bottle  which  con  tain  <*  enoufjh,  hut  not  too  much  aniuiouioin 
oxalate-     The  water  need  not  he  tiltered,  \mX  it  should  be  allowed  to  stand  at  least  for  three 
or  fonr  hours,  or,  better  still,  tweuty-four  hour!*,  Ijefore  the  harflneas  \s.  taken, 

Tl)en  ijiultii>lv  the  diffenniie  luftween  the  total  harrlness  and  the  hanlness  after  the  addll 
of  the  oxalate  by  the  coeifit  ient  for  lime  ;  thk  i^  0*14  of  &  ndlligninime,  as  each 
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the  esoiip  solution  is  equivalent  to  thL'i  aniount  of  lime. 

£a;amp^.— Total  hardneK'^,      *  ....  32 

After  lime  precipitated,     ....  10 

0ifF«rence,  .  *  .  .  23 

22  ni&ft«iire«>c 014  X  2=6-616  part*?  of  lime  i>er  100,000  and  6'16xO'7=4-S12  grains  per  gilli 

Or  multiply  the  number  of  meaj^ures  by  0'28,  thb  gives  parts  per  100,000 ;  or  bj  0*l86|,  t!i» 
result  is  grains  per  gallon.     If  curefully  done^  this  rosult  will  l>t3  near  the  truth. 

Matpifsia  by  the  Soap  Test. — Bontron  anii  Boudet  propose  to  determine  the  tnognesiA  by 
lioiling  the  water  from  which  the  lime  ho."*  bKsen  thrown  down.  AU  nsual  elements  of  hAid- 
tiehs,  except  the  niague^ia,  ar«  thus  got  riil  of-  This  is  by  no  means  so  accurate  a  j»r 
that  of  the  lime  ;  the  lather  is  fonne<l  much  les8  perfectly  and  sharply^  and  in  a*ldii 
con«titutiou  of  the  magnesin  and  soap  eompi^nBd  is  variable.  Tlie  result  m«>»t  }w  coi 
na  quite  approximative,  hut  may  sometimes  be  rendered  more  accorate  by  dQuting  W] 
tilled  water. 

Take  200  cc.  of  wat43r;  add  to  it  the  number  of  drops  of  solution  of  ammonium 

known  to  be  suMclent  hy  the  lime  exj>erifiieiit ;  allow  to  Ktand  for  twenty-iour  houi-s  ;  fill 
hoil  for  half  an  hour,  replace  loss  by  distdled  water  ;  allow  to  cool  in  the  vessel,  which  »hoi 
be  well  corked,  and  determine  hArdneSvS  in  60  c.o. 

As  the  lime  has  b«e!i  thrown  down  and  the  carbonic  acid  driven  off,  the  hardness  in 
to  nmgncsian  salts  of  some  kind. 

Calculate  as  magnesia,  the  co«lficient  of  which,  for  each  measure  of  soap  boIuUoq,  U  0' 
or,  as  magnesium,  the  coefficient  of  which  is  0S)6. 

Example, — Hardness,  aftei*  djirlng  off  carbonic  acid  by  boiling  and  pnscipitatitig  lime=' 

(7  -2)  X  01  x2=:Hl  part  of  magnesia  |»r  100,000  ]  1  0  x  0'7=0"7  grain  per  gallon. 

Or  multiply  the  number  of  nieasnres  correctetl  for  lather  hy  0*2,  the  result  is  part*  per  100,000^ 
or  by  0  14  J  the  result  is  graiiLH  per  gallon, 

Although  this  result  is  approxinmtive,  it  h  really  nearer  the  tnith  than  the  deterndnati 
by  weighing  in  the  hands  of  a  beginner. 

Determination  qfLime  and  MaffJtesia  h}f  Weight, 

It  may  be  desired  to  detenidne  the  lime  and  magnesia  by  weight,  and  the  folio winj^ 
OMSes  can  then  be  use<l  i — 

Lim4!  by  WeighL—Tiike  a  known  quantity  of  water ;  add  ammonium  oxalate,  and  then  J 
ajumouia  enough  to  give  an  ammoniacial  smell.  Allow  precipitate  thnrouphly  to  siibaid«,I 
and  then  wash  by  decantation,  or  by  throwing  the  iTeeipitate  on  a  smalt  tiUer  of  SweilinliJ 
pap«r,  the  weight  of  the  a-sh  of  which  is  known,  Becantation  is  recommended,  f  f  a  filter  j 
is  use<b  wash  precipitate  on  fdter  ;  dry  :  scm|»e  precipitate  fhjm  filter,  and  plact>  in  a  platl-  j 
nuiii  crucible  ;  bum  tilter  to  an  a.sh,  by  liolding  it  in  a  strong  gas  flame,  and  plac*  it  al^o  in  J 
the  crucible.  Heat  the  erut:ible  to  gentle  redness  for  fifteen  minutes,  moiBteu  with  a  littltf 
water,  and  test  with  t^mueric  paper,     If  no  reaction  is  given,  the  proce.ss  is  done.     If  the] 
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The  analys^is  may  be  conBideretl  under  two  heads — - 

(A)  The  determination  of  nitro^enouM  organic  watfa's  and  their  products. 
This  includes — 

(a)  The  detenu iiiation  of  the  free^  mlinr,  or  c^mihined  ammonia. 
{&)  „  of  the  (so-called)  aIhumi?ioid  ammonia. 

id)  „  of  the  nitnf*  acid^  t^jrUtiivj  as  iiitrateg, 

d)  „  of  the  nifrotu  acidf  exiMing  as  nitrites, 

(B)  Tlie  determination  of  oxidisahle  organic  viatier^  probably  cliiefly  now- 
nitrogeriom  by  {e)  the  permanganate  processes. 

(A)  Determination  of  the  Nitrogenous  Organic  Matters  and  their  Products, 

Determinatffm  of  the  Free  and  Alhuininoid  Arnmoma. — For  this  analysis 
we  refjuire  * — L  A  stmidard  sohition  of  amnioninm  cliloridi3,  1  c.c.  of  which 
=  0'01  of  a  luilli^amme  of  ammonia  (NH^) ;  2,  Nesslers  si>hition  as  a 
reagent  for  the  detection  of  ammonia ;  3,  A  aolutiou  of  i>otiissinm  per- 
manganate and  caustic  potash  ;  4.  Pure  distillod  water. 

(a)  Free  Ammonia, 

Place  in  a  retort  250  c.c.  of  the  watiT  to  be  examined*  Attach  the 
retort  to  the  Liebig's  condenser,  and  distU  off  about  130  c.c,  ;  collect  1  cc, 
more  of  the  distillate,  and  te^t  it  mth  a  few  drops  of  Neswl^r,  tti  see  if  any 
ammonia  is  still  coming  over ;  if  so,  tho  distillation  must  be  continued 
longer.  Carefully  measure  the  amount  of  distillate ;  teat  a  little  with 
Nessler's  solution  in  a  test-tube  ;  and,  if  the  colour  be  not  too  dark,  tidio 
100  c.c.  of  the  distillate  and  put  it  into  a  cylindrical  glass  vessel,  placed 
upon  a  piece  of  white  paper.  Add  to  it  1|  e.c.  of  Nessler.  Pour  inUi 
another  similar  cyliiHler  as  many  c.c.  of  the  standard  ammonium  ehloride 
solution  as  may  be  thought  necessary  (practice  soon  shows  tlie  aniouiit)^ 
and  fill  up  to  100  c.c.  with  pure  distilled  water ;  drcip  in  IJl  c,c.  of  Nessler, 
If  the  colours  correspond  after  three  to  five  minutes,  the  process  is  tinisherl, 
and  the  amount  of  ammonium  chloride  tised  is  read  off.  If  the  colours  are 
not  the  same,  add  a  little  more  ammoniiuu  chloride  so  long  as  no  haze 
flhowfl  itself ;  if  it  does,  then  a  fresh  glass  must  be  takeui  and  another  trial 
made.  When  the  process  is  completed,  read  off  the  number  of  c.c.  of 
ammonium  chloride  used,  allow  for  tlie  portion  of  disitillate  not  used, 
multiply  by  O'Ol  to  give  mgms.  of  XH,t ;  by  4  to  bring  tn  the  litre ;  and  by 
0*1  to  l>ring  from  mgms.  to  centigramrans  ;  or  shortly,  nniltiply  by  0  004  :  the 
result  is  centigrammes  of  free  ammonia  per  litre,  or  parts  per  100,000, 

pAper  i»  browned  ^showing  prwM^ucL'  of  caiiKtic  Uiim),  recArbonate  with  ftraraonium  carlxJUftt*, 
driv*  oflfexceHa  of  ifctuKiouin,  dry,  mid  weigli. 

Tlie  mibBtance  weiglied  [a  calcium  carUouatej  muUifily  by  0*56,  nnd  the  result  In  lim©;  or 
by  0"I0  ftir  calciiiin  alone. 

Mohr's  plan  might  al^^o  1>b  UAud,  viz,,  precipitation  of  tht!  lime  in  an  amnioniacal  nolntinti 
hy  fttaiidiir«l  oxalic  nc  id*  and  then  titration  of  the  exci«-SH  of  the  latter  by  pprmoncianate. 

Moffntna  ft//  HV/y/<^~Takc  the  wattvr  from  which  tlu-  lim*'  1ms  Ijecu  tlirown  down  :  cvapo* 
rate  to  a  small  bnlk  ;  lilter  if  there  b«  tnrbidity  ;  add  Hobitiou  of  ammomiim  chloride,  and 
ammonia  to  slight  excesR  ;  thtjn  add  a  solntion  of  xodinm  pliosLihatc  ;  istir  with  a  gla<ts  rod  ; 
set  ftsidtj  for  twelve  hours  ;  throw  pretiipitate  oa  a  liltcr,  carefully  dt»taching  it  from  the  atdea 
of  the  glaas  ;  wash  with  ammoniacal  water ;  dry  ;  incintrate  in  an  intense  heat ;  weigh, 
takin;!;^  care  to  dethiut  tlac  ash  of  the  filter  known  by  prt-vionH  experiment.  Tho  fiulifltanoe  is 
magnesiiini  pjTotjhosphate  ;  midliply  by  O*3t503ti  to  g«t  the  amount  of  magnesia,  or  by  0*21022 
for  nmgni'siiim  alone. 

Stilmuric  Acid  bif  Weight. ^-*Vfike  a  known  tpiaiitity  of  tho  watirr  (600  to  1000  c.c),  acidify 
with  nydrocliloric  acid  and  evaporate,  hnt  not  so  far  as  to  run  any  risk  of  throwing  down 
anlphate  of  cjihiuai ;  tilter  ;  and  then  add  chloride  of  barium  ;  allow  to  ^tand^  and  wash  the 
precipitate  by  ilecmntation  :  dry ;  weigh  ;  luidtiply  procipitate  by  0v*M335  to  get  tlie  amount 
of  nulpliTiric  anhydride  {^0^  or  by  0"412,  if  it  ia  wishetl  to  caluuiate  it  as  SO^. 

1  For  these  stolntionii,  see  Appondix  A» 
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E>ta}fipli\- -Fvom  250  c.c  of  water  138  were  distilled  ;  100  c.c-  were  U ken  for  i 

experiment ;  4*5  cc,  of  ammouhim  chloride  solution  were  required  to  give  the  proptr 

133 
colour ;    then  4 *5  >:  ^A  x  0 "01  x  0 '4  -  0 *02394  per  100, (KM)  of  trw  aminoaia. 

Should  the  colour  of  the  distillate  provf?  too  dark,  a  smaller  quantity 
be  used,  and  mmh  up  to  100  c\c.  with  distillled  water.  Waiiklyn  recom- 
mends distilling  nidy  50  cc,  Nesslorisiug  it,  and  then  adding  one-tliird  to 
the  rpsult,  on  the  ground  tlitit  (as  lie  siiys)  thrfe-fi^urth*  of  the  nmmoniii 
come  oil'  in  ilw  timt  50  c.c.  He  also  attite^  that  with  smaller  sizf^d  appaffttttS 
100  e,i\  of  water  givcK  satisfactory  results, '  The  Society  of  Public  AiinljstB 
recommend  isuccessive  jxirtions  beirii:?  distilled  over,  and  Xcssh^rii^fd  until 
ammonia  ccilsch  to  iqipcar*  Practically  we  liave  found  at  Netley  that  tl 
whole  of  the  ammtniia  conies  over  in  the  lirst  130  c.c,  or  nearly  so  ;  but  it  i 
neceasary  to  continue  the  distillatiou  until  ammonia  has  entirely  ceased 
come  oven 

The  use   of  peniianent  coloured  solutions,  corres]X)nding  with    knc 
amounts  of  ammonia,  has  been  recommended,  and  caramel  lias  ]>eeii  trie 
at  Netley^  but  the  results  have  not  been  very  satisfactory. 

Whuti  a  Liehig's  condeuser  c;iinn>t  be  obtauied,  a  flask  may  be  used 
instead  of  a  retort,  and  the  diatillato  conveyed  t*^  tlie  receiver  by  a  tube 
glass  (or  block  tin)  passing  through  a  vessel  of  cold  water,  wdiich  mu&t 
renewed  from  time  to  time.  The  tube  may  be  bent  in  any  convenient  \\(\ 
so  as  to  exixme  it  to  the  coolin;;  water  i\s  much  as  jxissihle.  Every  part 
the  apparel tus  must  be  scruimjously  clean  ^md  well  washed  with  distilia 
water  pn^vious  to  commcin  ing  the  cxperiTuent,  The  Society  of  Publi 
Analysts  rceommcnd  tliat  the  retort  tulx^  should  l)e  packed  into  tlie  con- 
densing tube  by  means  uf  an  india-rubl>er  ring;  or  it  may  be  done  with  clean 
wri ting- l>t* per,  as  Wanklyn  proptises.  In  either  case  tlie  substance  used  mii«t 
be  quite  clean.  It  is  well  U>  wash  the  retort,  flask,  and  glass  tubes  witli 
dilutt^  sulphuric  aciil,  and  then  rinse  them  out  clean  with  distilled  water. 
In  distiiling,  the  retort  should  be  thrust  well  into  the  flame,  ami  the  di  *i' 
lation  carried  on  rapidly.  If  the  water  is  very  soft,  the  addition  of  a  ! 
pure  or  recenlly  heated  Siulium  ( arboimt^  may  he  made,  but  in  ordinary  cir- 
cumstiiiices  it  is  not  necessary,  and  is  not  advisable. 

The  **free"  or  **  saline  ammonia  "  repiesents  the  ammonia  combined  witli 
carbonic,  nitric,  or  other  acids,  and  also  what  may  be  derived  from  urea,  at 
oUier  easily  decomposable  substiinces,  if  they  ai-e  present.  The  limit  in  pure 
waters  is  taken  at  0"002  centigrammes  ]>er  litre;  in  Imd  waters  it  often 
reaches  100  times  this  ami  more:  in  usable  wat4?rs  it  should  not  exceed  0005.* 

Aftt^r  the  distillation  of  the  free  ammonia,  the  residue  of  the  water  in 
the  retort  is  used  for  determining  the  albuminoid  ammoftia,  to  be  now 
de^scribed, 

{b)  Aihuminoid  Aminoma, 

Tlic  object  of  this  process  is  to  get  a  measure  of  the  nitr^enous  oi^nic 
matter  in  water,  by  breaking  it  up  and  converting  the  nitrogen  into 
ammonia  by  means  of  potassium  permanganate  in  i»re8once  of  an  alksli; 
the  ammonia  can  be  distilled  otf  and  estinmted  as  above,  It  i«  to  be  under^ 
stood  that  this  does  not  deal  witli  all  the  nitrogenous  matter,  but  the 
results  are  sufficiently  uniform  to  he  useful.  Accoriling  to  Wanklyn  and 
Cliapman,  the  albuminoid  ammonia  nndiiplied  by  10  givas  a  fair  approxi- 
mate estimate  of  the  nitrogenous  niatt^^r  in  water* 

»    Wnter  AnaluitL^,  7th  edition,  p.  fil. 

•  Wniiklyn's  itW^r  Atmi^njit  7th  eclition,  p,  4B, 
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Process. — 25  e.c,  of  tht^  solution  of  alkalim*  permanganate  ^  arc  adiled  to 
the  n^ftidue  iii  the  rct^nrt,  aftcT  the  dbtillatiaii  of  t!ie  free  aumiiHiiti,  and 
abtmt  110  to  120  ex.  distilled  oft'.  It  is  generally  convenient  U*  add  a  little 
purr  distilled  water  to  the  residue  especially  if  the  first  il  is  til  la  lion  has  been 
carried  nitlier  far.  \\'unklyn  recommends  success ive  quantities  of  50  c.c. 
to  be  tJistilled  ot!'  and  tested  until  no  more  ammonia  comes  over.  Deter- 
mine the  amount  of  ammonia,  as  was  done  iii  the  case  of  the  free  ammonia, 
and  state  the  residts  in  this  case  as  albuminoid  amniojiia.  In  this  distilla- 
tion there  is  sometimes  a  little  ditHculty  caused  by  *' bumping/' especially 
in  the  case  of  bad  waters ;  U\  remedy  this  it  has  been  recommended  to  use 
pieces  of  tobacco  pipe  which  liave  been  heatf^d  to  redness  immedifitely  before 
use.  It  is  better^  however,  to  ddate  tlie  water  if  it  be  a  bad  one,  and  not 
to  distil  too  rapidly* 

(c)  Nitric  Acid. 

Nitric  acid  may  be  determined  in  several  ways,  but  two  secra  more 
easily  applicable  than  the  others,  viz,,  1,  Schulae^s  aluminuni  method 
(motlihed  by  Wanklyn  and  Cliapnian)  j  and  2,  the  copper-zinc  prc^ce-sa. 
Both  metliwls  depend  ujMDn  the  conversion  of  the  nitric  acid  into  ammonia, 

1.  Alumijufm  Process. — Wc  require  solution  of  ciiustic  soda,  perfs^ctly  free 
from  nitrates,  and  aluminum  foiL-  100  e,e.  of  the  water  are  mixed  witli  an 
equal  l>ulk  of  the  soda  solution^  and  put  into  a  retort,  and  a  (riece  of  alumi- 
num foil,  larger  than  is  c*i|nible  of  tlissolvingj,  added.  The  tube  is  w^ell 
corked,  and  the  mixture  left  fur  several  hours.  The  liquid  is  then  distilled 
and  Kesslerised ;  or,  if  the  qi^antity  of  ammonia  be  very  large,  it  may  be 
detennined  with  a  standard  acid  suhition.  Precautions  are  suggested  for  the 
prevention  of  the  escape  of  ammonia,  or  the  access  of  ammonia  from  the 
airj  but  with  a  ^(ood  cork  they  are  hanlly  required. 

2,  Copj}rr'iinc  Process.— A  wet  -^  copper-zinc  couple  is  prepared,  and  well 
washed  \vith  distilled  water,  and  afterwartls  with  some  of  the  water  t*>  Im* 
examined.  To  use  it,  jmt  it  into  a  wid(?4uouthed  stqipered  bottle,  and  jxtur 
in  100  c.c.  i^f  tlic  water  t<.i  be  examined  ;  it  is  l>est  to  till  the  bottle  up,  and 
to  add  1  per  1000  of  sixliuni  chloride,  especially  if  the  water  be  very  soft* 
The  stopper  is  inserted,  and  the  whole  ]>ut  aside  for  several  houi"s, — ten  or 
twelve  if  the  temperature  be  below  30*  C.  (86"  Fahr.) ;  but  the  pnscess  may 
be  hastened  by  warming  up  to  32^  to  38^  C.  (90°  to  100°  Fahr.).  The 
completion  of  the  jiroeess  may  be  ascertained  by  the  absence  of  nifroits  aciti, 
when  tested  for  by  Griess's  test.  The  water  is  now  tc^  be  Nesslerised,  which 
Ciin  rarely  be  done  properly  except  after  diatillation,  as  in  the  former 
process. 

The  calculation  is  made  by  calcuhiting  out  the  resulting  ammonia  as 
nitrogen  or  as  nitric  acid,— the  following  l>i:'ing  the  coefficients  : — 

1  part  of  NH^-3706  of  uitn*!  iicid,  HNO3  1  -3*d47  of  NO- ; 
'•3'176  of  tiitrogen  peotoxide,  N/)j  ;   —0*8235  nitrogen,  N. 

It  is  necessary  to  Uike  into  account  any  nitrous  acid  or  ammonia  (free  or 
saline)  which  may  1«^  present,  and  may  have  been  previously  determined. 
Nitrous  acid  (ilNU.,)  is  Ui  ammonia  (NH^)  as  2*765  to  I  ;  or,  if  nitrogen 
tetroxiile  be  taken  (KiX^),  tlien  it  is  to  ammonia  (XHg)  as  2'706  to  1. 


J  H^e  AppeiHlix  A,  '-*  8«»*^  Appemlix  A. 

»  111  FTariklin*'*  tVni^r  AmUfmn,  \k  100,  tin-  dirtictioafl  given  aw  tor  a  dfy  couple,  mrliich 
appcaw  to  b(»  nu  error.  .Sou  M.  W.  WillMtiutf  Amtlynt^  vol.  vi  p,  80L  For  prvfmniUotir «» 
Appimiiijt  A. 
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^eample.— 100  cc.  of  water  yielded  0*3371  mgms.  of  NHj  (equal  to  0-8371  parts  per 
100,000)  after  treatment  by  either  of  the  above  processes  for  the  redaction  of  nitrateB. 
But  the  sample  had  also  yielded  0*0052  of  free  ammonia,  and  0'127  of  Ditrons  acid, 
reckoned  as  NO^ ;  the  latter,  0*127,  divided  by  2*706,  or  multiplied  by  0*3695,  being 
equivalent  to  0*0469  of  NHj  ;  we  therefore  have 

0*3371  -  (0*0052 +  0*0469) =0*286  ammonia  from  nitric  acid. 

0*285x3*706-1*0562  NHO3.  I  0*285x3*176  -0-9062  N^Og. 

0*286  X  3*647  =  1*0394  NOy  |  0*286x0*8235-0*2347  N. 

The  statement  of  the  result  as  nitrogen  is  now  becoming  very  general. 

{d)  Nitrous  Acid. 

For  the  direct  determination  of  this  the  plan  of  Griess  is  now  recom- 
mended. A  solution  of  meta-phenylenediamine  is  prepared,  and  also  a 
dilute  sulphuric  acid,  consisting  of  one  volume  of  strong  acid  to  two  of 
water.  One  cc.  of  each  solution  is  added  to  100  cc.  of  the  water  to  be 
examined,  which  is  put  in  a  Nessler  glass ;  an  orange  colour  is  produced, 
eventually  deepening  to  a  reddish  tint.  Another  glass  is  placed  alongside, 
and  into  it  is  put  as  much  of  a  standard  solution  of  potassium  nitrite  as  may 
be  necessary,  making  up  the  bulk  to  100  cc  with  distilled  water ;  then  add 
1  cc  each  of  the  sulphuric  acid  and  the  meta-phenylenediamine.  The 
remainder  of  the  process  is  carried  on  much  in  the  same  way  as  ordinary 
Nesslerising  for  ammonia.  Care  must  be  taken  that  the  water  originally 
taken  is  not  too  strong ;  so  if  the  red  colour  be  too  deep,  smaller  portions 
diluted  up  to  100  cc  must  be  taken,  until  the  faintest  tint  distinctly  recog- 
nisable is  obtained.  The  standard  potassium  nitrite^  should  be  of  the 
strength  of  1  cc.  =  0*01  milligramme  of  NOo,  or  nitrogen  tetroxide.  The 
number  of  cc  used  gives  the  milligrammes  of  NO.,  present  in  the  sample  of 
water. 

Ex(im])Ic. — A  sample  of  water  containing  a  good  deal  of  nitrous  acid  is  taken,  and  25 
cc,  made  up  to  100  cc.  with  imre  distilled  water,  put  in  a  Xcssler  glass.  1  c.c.  of  the 
sulphuric  acid  and  1  cc.  of  the  solution  of  meta-phenylenediamine  added:  a  distinct 
orange  colour  is  obtained.  Into  another  Nessler  glass  7*5  c.c  of  the  standard  potassium 
nitrite  are  put,  made  up  to  100  cc.  with  distilled  water,  and  tiie  same  shade  of  tint 
obtained  with  the  solution  as  above. 

7-5  X  0-01 -=0-075  N0.>  in  25  cc 
0-075  X  4  =  0-300  NOj  in  100  cc 

This  e<iuals  0"3  in  100,000  or  0*21  in  1  gallon  ;  multiplying  any  of  these  results  by 
0-304,  gives  the  amount  of  nitrogen  (N). 

The  above  is  now  accepted  as  the  most  accurate  method  of  determining 
nitrites,-  but  some  care  is  required, — for  both  the  water  and  the  colouring 
solution  must  be  either  colourless  or  be  decolorised.  It  may  not  be  always 
possible  to  get  the  reagents,  and  then  it  is  best  to  fall  back  uj)on  the  deter- 
mination of  nitrous  acid  by  the  permanganate  process  to  be  presently 
described. 

It  may  be  well  to  mention  here  that  the  method  of  stating  the  results 
varies,  as  in  the  case  of  nitric  acid,  some  reckoning  as  HNO^,  some  as  X0O3, 
and  others  as  NOo.  The  last  is  the  best,  as  it  corresponds  to  CI.  In  the 
same  way  NO3  is  to  be  preferred  for  the  nitric  acid,  8O4  for  the  sulphuric 
acid,  and  PO4  for  the  phosphoric  acid. 

1  For  the  iirejmration  of  the  solutions,  see  Appendix  A. 

-  See  Frauklaud,  Water  Analysis^  p.  40,  also  M.  W.  Williams,  in  Analyst,  vol.  \\,  p.  86u 
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(B)  Determination  of  Oxidisable  Matter  in  Water. 

The  oxidisable  matter  in  water  consists  of  oxidisable  organic  matter, 
nitrites,  ferrous  salts,  and  hydrogen  sulphide.  The  last  can  be  easily  recog- 
nised by  the  smell,  and  got  rid  of  by  gently  warming  the  water.  Ferrous 
salts  are  rare,  but,  if  present,  they  impart  a  distinct  chalybeate  taste  to  the 
water  if  their  amount  reaches  the  fifth  of  a  grain  of  iron  per  gallon  (about 
03  parts  per  100,000).  Generally  their  presence  may  be  disregarded. 
There  remain,  therefore,  the  oxidisable  organic  matter,  and  nitrous  acid  as 
nitrites.  For  determining  these  the  potassium  permanganate  is  very  con- 
venient. 

(fj)  Total  Oxidisable  Matter  in  terms  of  Oxygen  required  for  its  Oxidation, 
— A  solution  of  potassium  permanganate  is  required,  which  in  presence  of 
an  acid  is  capable  of  yielding  O'Ol  centigramme  of  oxygen  for  each  c.c. 

Process. — Take  a  convenient  quantity  of  the  water  to  be  examined,  say 
250  c.c;  add  3  c.c.  of  sulphuric  acid;  drop  in  the  permanganate  solution 
from  a  burette  until  a  pink  colour  is  established ;  warm  the  water  up  to 
140**  Fahr.  (60**  C),  dropping  in  more  permanganate  if  the  colour  dis- 
appears; when  the  temperature  reaches  140**  Fahr., remove  the  lamp;  con- 
tinue to  drop  in  permanganate  until  the  colour  is  permanent  for  about  ten 
minutes.  Then  read  off  the  number  of  c.c.  used,  and  multiply  by  0*04  to 
get  the  amount  per  100,000. 

Example. — 250  c.c.  of  water,  with  3  c.c.  of  sulphuric  acid,  required  3 '5  c.c.  of  perman- 
ganate to  give  a  permanent  colour  ;  8 '5  x  0-04— 0*14  per  100,000.^ 

It  must  be  remembered  that  this  includes  both  organic  matter  and 
nitrous  acid.     We  must  now  differentiate  these. 

(fo)  Organic  Oxidisable  Matter  in  terms  of  Oxygen  reguired  for  its  Oxida- 
tion.— Take  250  c.c.  of  water  to  be  examined ;  add  3  c.c.  of  sulphuric  acid 
as  above  ;  boil  the  water  briskly  for  twenty  minutes  ;  allow  it  to  cool  down 
to  140°  Fahr.  (60°  C.) ;  then  add  the  permanganate  until  a  pink  colour 
is  established  for  ten  minutes.  Calculate  out  the  oxygen  as  above,  stating 
the  result  as  centigrammes  per  litre  required  for  oxidisable  organic  matter,  or, 
shortly,  as  organic  oxygen. 

(^3)  Nitrous  Acid. — This  can  now  be  determined  easily  by  calculating 
from  the  difference  between  the  two  preceding  processes.  EEUjh  centigramme 
of  oxygen  represents  2*875  centigrammes  of  nitrous  acid  ;  we  must  therefore 
multiply  the  difference  by  this  factor,  and  the  result  is  nitrous  acid  in 
centigrammes  per  litre. 

Example.^ A  sample  of  water  yielded,  by  process  (c,),  0  1 4  parts  of  oxygen  per 
100,000  ;  by  process  (tj),  0*076.  llien  we  have  0*1 40-0  075 -0*066 -centigrammes  of 
oxygen  required  for  nitrous  acid;  0  066x2 -876 -=0*187  per  100,000  of  nitrogen 
tetroxido  (NOj). 

HassalP  has  suggested  an  improvement  on  the  above  process  (de 
Chaumont's),  namely,  instead  of  boiling  away  the  nitrous  acid,  to  distil  it 
over  and  determine  it  directly  in  the  distillate.  Fresenius  proposes  a  some- 
what similar  plan,  only  using  acetic  acid  for  the  distillation,  and  then  sul- 
phuric acid  for  the  subsequent  titration.  Of  course,  if  distillation  is  resorted 
to,  the  NO2  can  be  determined  by  Griess's  method. 

One  or  two  precautions  are  necessary  in  the  permanganate  processes.  In 
process  (e^)  permanganate  must  be  added  to  the  water  from  the  very  com- 
mencement, in  order  not  to  lose  nitrous  acid,  which  may  be  driven  off  as 

1  If  special  accuracy  is  required,  a  correction  for  colour  may  be  made  by  deducting  0'06  from 
the  result  stated  as  milligrammes  of  oxygen  per  litre. 

2  Adulterations  Detected,  1876,  p.  84. 
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the  water  is  being  heated.  The  faintest  tinge  of  colour  that  can  be  dis- 
tinctly seen  ought  to  be  accepted,  provided  it  remain  for  ten  minutes. 
Care  must  be  taken  to  add  the  sulphuric  acid  in  every  case  at  the 
beginning ;  if  this  is  not  done  a  brown  colour  is  struck  which  spoils  the 
experiment.  Sometimes  this  colour  appears,  even  after  acid  is  added,  and 
is  then  probably  due  to  excess  of  organic  matter;  dilution  with  distilled 
water  sometimes  remedies  this.  The  permanganate  solution  always  acts 
upon  the  india-rubber  tube  of  the  common  burette,  therefore  it  is  always 
well  to  use  a  burette  with  a  glass  stop-cock,  or  to  run  off  the  portion  which 
has  been  in  contact  with  the  india-rubber  before  beginning  the  experiment 

The  Society  of  Public  Analysts  instructions  recommend  another  method  of 
operation  (suggested  by  Tidy)  including  two  determinations,  viz.,  one  in 
which  the  oxygen  absorbed  within  fifteen  minutes  is  calculated,  and  another 
within  four  hours.  The  processes  are  carried  on  at  a  temperature  of  80'  Fahr. 
(26" -7  C).  Two  bottles,  stoppered  and  of  about  12  oz.  (340  c.c.)  capacity, 
are  used,  into  each  (after  being  thoroughly  cleaned,  rinsed  with  sulphuric 
acid  and  then  with  the  water  to  be  examined)  250  c.c.  of  the  water  are  to  be 
put,  and  warmed  in  a  bath  to  80"  Fahr.  (26''-7  C).  Then  add  10  ac.  of 
dilute  sulphuric  acid  (1  vol.  to  3  vols,  of  water)  and  10  c.c.  of  the  standard 
potassium  permanganate  solution.  Fifteen  minutes  after  the  addition  of  the 
potassium  permanganate  one  of  the  bottles  must  be  removed  from  the  bath, 
and  two  or  three  drops  of  the  potassium  iodide  solution  added,  to  remove  the 
pink  colour.  After  thorough  mixture,  run  from  a  burette  the  solution 
of  sodiimi  hyposulphite,^  imtil  the  yellow  colour  is  nearly  destroyed,  then 
add  a  few  drops  of  starch  water,  and  continue  the  addition  of  the  hyposul- 
phite until  the  blue  colour  is  discharged.  If  the  titration  has  been  pro- 
perly conducted,  the  addition  of  one  drop  of  potassium  permanganate 
solution  will  restore  the  blue  colour.  At  the  end  of  four  hours  remove  the 
other  bottle,  and  titrate  as  above  described.  Should  the  pink  colour  of  the 
water  in  the  bottle  diminish  rapidly  during  the  four  hours,  further  measure<i 
quantities  of  the  standard  solution  of  potassium  permanganate  must  bo 
added  from  time  to  time,  so  as  to  keep  it  markedly  pink. 

The  hyposulphite  solution  must  be  standardised  by  making  a  blank  experi- 
ment with  distilled  water,  and  this  must  be  repeated  from  time  to  time  as 
it  does  not  keep  well.  Let  A  be  the  quantity  of  hyposulphite  required  in 
the  blank  experiment,  and  let  B  be  the  amount  required  for  250  c.c.  of  the 
water  examined,  and  p  the  number  of  c.c.  of  permanganate  solution  used, 
which  is  usually  10  c.c;  then 

A  :  A  -  I]  : :  2>  :  x 

A  -  B 

that  is, — - — ^  X  p  =  a;  =  number  of   c.c.   permanganate  solution  required   to 

oxidise  oxidisable  matter.  Each  c.c.  =0'1  mgm.  oxygen,  and  250  c.c.  of 
water  are  operated  on,  therefore  ;f:  x  0*4  =  mgm.  per  litre,  and  x  x  0*04  =  j^arts 
per  100,000  of  oxygen  required. 

Example. — To  250  c.c  of  water  10  c.c.  of  permanganate  solution  were  added  :  in  the 
previous  blank  experiment  10  c.c.  of  permanganate  took  45  c.c.  of  the  hyposulphite  : 
after  mixture  with  the  water  and  the  lapse  of  the  necessary  time,  30  c.c.  of  hyposulphite 
were  required  :  then, 

i^^x  10x0*04  =~  X004-0-13  oxygen  per  100,000  i»arts. 
45  3 

Should  the  250  c.c.  require  more  than  10  of  permanganate,  the  value  oi p  will  alter 
accordingly. 


I  See  Appendix  A. 
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It  is  of  course  to  be  understood  that  the  nitrous  acid,  if  present,  must  be 
allowed  for,  and  other  oxidisable  substances  eliminated  before  the  oxygen  for 
organic  matter  is  definitely  recorded. 

The  permanganate  process  is  the  only  one  that  is  practicable  for  medical 
officers,  that  gives  us  any  measure  of  the  oxidisable  organic  matter  in  water, 
and  is,  in  the  present  state  of  our  knowledge,  indispensable,  imperfect  though 
its  indication  may  be.  It  is  certainly  an  aid  to  our  judgment  of  the  condi- 
tion of  a  drinking  water,  being  to  Frankland's  carbon  process  something  the 
same  as  the  albuminoid  ammonia  method  is  to  his  nitrogen  one.  Frank- 
land  has  fully  acknowledged  this  relation  in  his  latest  work,^  and  has  pro- 
posed a  series  of  factors  by  which  to  multiply  the  oxygen  absorbed,  so  as  to 
express  the  result  in  terms  of  organic  carbon.  These  factors  are  based  on 
the  observed  relations  between  the  two  processes  in  a  very  large  number  of 
experiments,  and  are  formed  by  dividing  the  average  carbon  by  the  average 
oxygen.  The  factors  differ  for  different  kinds  of  water  in  the  following  pro- 
portions : — 

River  water,  ^         -         2'38 

Deep -well  water,  ,,         —         5*80 

Shallow-well  water,  „         -         2*28 

Upland  surface  water,         ,,         —         1*80 

SO  that  1  centigramme  of  oxygen  absorbed  indicates  a  probable  amount  of 
only  1*8  of  organic  carbon  in  an  upland  surface  water,  but  as  much  as  5*8 
in  a  deep-well  water. 

No  process  gives  us  thoroughly  trustworthy  information,  but  for  the  army 
or  navy  medical  officer,  or  any  one  not  provided  with  a  well-appointed  labo- 
ratory, the  permanganate  process,  combined  ^vith  the  albuminoid  ammonia 
process,  gives  as  much  information  as  is  likely  to  be  got  at  present,  and 
sufficient  for  hygienic  purposes.  It  must  be  remembered  that  the  perman- 
ganate does  not  act  upon  fatty  substances,  starch,  urea,  hippuric  acid,  creatin, 
sugar,  or  gelatin. 

Action  of  Permanganate  in  presence  of  an  Alkali. 

In  order  to  avoid  some  of  the  fallacies  and  inconveniences  of  the  test  with 
acid,  F.  Schultze^  tried  the  following  plan,  which  was  slightly  modified  by 
Lex.  Five  or  more  vessels,  each  containing  60  c.c.  of  the  water  to  be 
examined,  are  taken,  and  to  each  2  c.c.  of  thin  milk  of  lime  are  added,  and 
then  1,  2,  3,  4,  5  c.c,  &c.,  of  the  permanganate  solution  (viz.,  0*395  gramme 
per  litre)  are  added,  and  left  for  three  hours.  At  the  end  of  that  time  some 
of  the  samples  will  be  decolorised,  others  still  coloured ;  if  No.  1  and  No.  2 
are  colourless,  and  No  3  is  coloured,  then  the  amount  of  permanganate 
destroyed  is  between  2  and  3  c.c.  As  in  the  cold  each  equivalent  of  per- 
manganate only  gives  off  3  (not  5  atoms)  of  oxygen,  each  c.c.  corresponds 
not  to  01,  but  to  006  milligramme  of  oxygen  ^  It  is  for  this  reason 
that  60  C.C.  of  water  are  taken  instead  of  100,  for  it  is  evident  that  if  1  c.c. 
of  the  permanganate  solution  gives  only  0U6  milligramme  to  60  c.c,  it 
is  the  same  as  0  1  to  100  c.c.  of  the  water.  The  calculation  of  the  result 
is  thus  easy ;  if,  for  example,  Nos.  1  and  2  are  decolorised,  while  No.  3  is 

1  Water  Analysis,  1880,  p.  55. 
'^  Roth  and  Lex,  op.  c»Y.,  p.  91. 
>  With  sulphuric  acid  the  following  is  the  reaction : — 

2(KMn04)+3(HaSOi)  =  KaS04+2(MnSO,)+3(HaO)  +  05; 
without  acid  the  reaction  is  : 

2(KMn04)  +  H20=2(MnOa)+2{KHO)  +  O,. 

2  Y 
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coloured,  the  amount  of  oxygen  required  is  between  0*2  and  0*3  milli- 
gramme for  100  CO.,  or  02  and  03  parts  per  100,000.  If  60  cc.  of  a  water 
take  less  than  3  c.c.  of  the  permanganate  solution  to  give  it  a  colour  per- 
manent for  two  hours,  it  is  a  good  water  (according  to  Lex)  so  far  as  this 
test  is  concerned ;  if  3  and  4  c.c.  are  required  it  is  a  medium  water,  and 
if  the  5  c.c.  do  not  give  a  colour  the  water  is  bad. 

5.  PhospJuyric  Acid  in  Pfwsphates, 

The  incinerated  total  residue  of  the  solids  is  to  be  treated  with  a  few 
drops  of  nitric  acid,  and  the  silica  rendered  insoluble  by  evaporation  to  dry- 
ness. The  residue  is  then  taken  up  with  a  few  drops  of  dilute  nitric  acid, 
some  water  is  added,  and  the  solution  is  filtered  through  a  filter  previously 
washed  with  dilute  nitric  acid.  The  filtrate,  which  should  measure  3  cc, 
is  mixed  with  3  c.c.  of  molybdate  solution,  gently  warmed,  and  set  aside 
for  fifteen  minutes  at  a  temperature  of  80°  Fahr.  The  result  is  reported  as 
"  traces,"  **  heavy  traces,"  or  "  very  heavy  traces,"  when  a  colour,  turbidity, 
or  definite  precipitate  are  respectively  produced,  after  standing  fifteen 
minutes.  The  precipitate  may  also  be  collected  and  weighed,  if  thought 
desirable.  For  this  purpose  it  ought  to  be  washed  with  tlie  least  quantity 
of  distilled  water,  and  then  dissolved  to  neutrality  in  dilute  ammonia.  The 
solution  thus  obtained  is  evaporated  with  repeated  additions  of  small  quan- 
tities of  water,  and  the  resulting  residue  is  weighed.  The  weight,  divided 
by  28-6,  gives  the  amount  of  phos])horic  anhydride,  PgOj  (Hehner).  To 
express  it  in  terms  of  PO^,  divide  by  21*4,  or  multiply  by  0'0467. 

6.  The  determination  of  sulphuric  acid  has  already  been  referred  to  (page 
699,  note). 

Determination  of  the  Earthy  and  Alkaline  Carbonates  hy  Mohi'^s  Process. 

This  is  a  very  elegant  process,  and  may  be  useful.  The  solutions  required 
are :  standard  solution  of  sulphuric  acid,^  1  c.c.  of  which  saturates  b  lugms. 
of  calcium  carbonate ;  and  a  colouring  solution,  such  as  cochineal  or 
phenolphthalcine. 

Process. — Take  100  c.c.  of  th(5  water  to  examine,  and  add  a  droj)  or  two 
of  cochineal  solution,  which  gives  a  carmine-red  colour.  Then  run  in  the 
standard  acid  solution  till  the  colour  becomes  yellow  or  brown-yellow.  Read 
off*  the  number  of  c.c.  used,  and  multiply  by  5.  The  result  is  parts  of 
earthy  and  alkaline  carbonates  per  100,000,  stated  as  calcium  carbonate. 

Example. — 100  c.c.  of  a  sample  of  water,  reddened  with  (toehiueal,  required  Irf^  of 
stiuidard  solution  to  make  it  yellow  : — then  5*6  x  5  =  28  =  purts}>er  100,000  ot  eaiihy  and 
alkaline  carbonates  as  calcium  carbonate.  If  the  water  be  not  alkaline  to  test-jxiper,  tlie 
result  will  represent  calcium  carbonate  only.  Should  tiie  latter  be  already  known 
(throut^h  tlie  hardness),  the  difference,  if  any,  will  represent  sodium  carbonate,  aud  may 
be  calculated  out  as  such,  1  c.c.  '=5 '3  mgms.  of  sodium  carbonate. 

Lead. 

Take  200  c.c.  of  the  water  to  be  examined,  and  evaporate  to  half  its  bulk. 
Place  100  c.c.  in  a  Nessler  glass  on  a  piece  of  white  paper,  and  add  three 
drops  of  a  freshly  prepared  solution  of  sulphuretted  hydrogen,  or  sulphide  of 
ammonium.  Note  if  any  dark  coloration  is  produced.  Into  a  similar  2s  easier 
glass  place  one  or  two  c.c.  (or  whatever  number  may  be  necessary)  of  a  stan- 
dard acetate  of  lead  solution  (I  c.c.  =  0*1  milligramme  of  lead),  and  make  up 
to  100  c.c.  with  distilled  water  :  add  throe  dro])S  of  the  sulphuretted  hydrogen 

i  See  Appenilix  A. 
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solution  and  compare  tlie  tints  proriaced,  as  in  Nosslori-sijig.     Calculate  the 
amount  found  in  parU  por  100,000,  and  in  grains  per  gfillon. 

Many  waters,  esiiecialiy  those  that  are  soft  and  peaty,  and  therefore  liahle 
to  act  on  lead,  poss^as  snilicient  coloration  to  e<|ual  0  5  or  evf^n  1  ex.  of  the 
lead  ftolutioii :  if  this  is  the  case  a  profMirtionate  reduction  shouhl  be  made 
Ivcfore  calculiiting  out  the  anioinit  of  lead  present.  By  this  method  0  05  per 
100,000  or  ^  grain  j>Br  gallon  may  Tie  easily  detected  :  if  the  concentratioa 
he  carried  further,  of  course  much  greater  delicacy  can  be  obtained. 

Examph. — Water  concentrated  frdai  20 0  c»c.  to  100  c.c.  gave  a  colour  eqnal  to  S  cc. 
of  stiiuLird  Icnil  solution,  vvir.li  3  do>ps  siil|vlnde  of  aumioniam  solution.  EAah  e.c.  —  O'l 
iiulli^rMinm»'  of  le«d  ;  therefoiu  iti  tli«  100  cc.  are  0  3  nii;ins»  h.inl.  Bat  this  EN|uals  200 
L\(;.  of  die  ori^tinal  vvator  :  tUtTeloie  in  each  100  e.c.  art*  015  ainnia  — 0'15  i^^ntigraituiiiis 
per  litre  or  |»arta  per  100,000 :  Oifi  x  0'7  -  0'105  gmina  jwr  gallon,  or  nither  mortj  tlmn  ^ 
of  a  grain  of  nitttallic  Imd  per  gallon. 

Iron,  Silica^  Copjfer,  Antrnic,  Zinc. 

Iron  is  seldom  required  to  be  determined  quantitatively,  but  it  may  be 
done  by  a  colorimeLrie  test  (ai?  su^^gested  by  Wunklyn).  Either  the  water 
may  be  tested  directly,  or,  what  is  better,  the  incinerated  residue  of  the 
solids  may  be  treated  with  pure  hydrochloric  acid,  and  made  up  to  100  cc. 
Hnth  ilistilletl  water.  A  evd^ie  eontimoire  of  solution  of  ferroeyanide  of 
jiotassium  ia  inlded,  which  will  strike  a  liluc  cokmr.  A  comparative  ex}»eri- 
ment  with  a  sliindard  t^olution  i>f  iron  may  be  made.*  Thii;  is  a  Ix'tter 
[jrocess  than  the  jiermanganate  niothotl,  which  with  small  quantities  of  iron 
gives  very  uncertain  results. 

Silica  may  be  determined  from  the  incinerated  re«idue^  by  treating  it  with 
strong  nitric  or  hydrochloric  acid,  evaporating  to  dryness,  and  again  treating 
wit!»  acid  ;  distilled  wat^er  (about  50  c,c.)  h  then  added,  and  a  little  lieat 
applietl  till  everything  .'Soluble  is  dissolved  ;  the  residue  is  silica,  which  may 
be  collected  on  a  small  filter,  ignited,  and  weighed.  A  number  of  Indian 
watorn  cuntain  considerahle  quantities  of  silica,  either  combined  or  in  the 
suspeniled  matter.- 

Vopp^ry  Arsf'nit\  Zim\ — The  mere  presence  of  these  nn'tals  in  appreciable 
i|uantity  is  enougli  to  condemn  a  water,  therefore  it  will  seldom  he  necessary 
to  determine  their  amount  rpiuntitatively.  . 

Inferences  from  t/ie  Qtniiditalice  Tests. 

The  conclusions  to  bo  lirawn  from  the  qualitative  tests  hold  goo^l  for  the 
quantitative,  oidy  gi'cater  precision  is  given.  It  must,  however,  be  under- 
stood  that  such  conclusions  are  still  oidy  approximative,  and  they  are  only 
of  a  certain  value  when  all  the  circumstances  of  the  case  are  taken  into 
considerfition.  Some  chemii^ts  have  gone  so  far  as  to  say  that  they  wo\dd 
rather  know  nothing  about  the  sample,  and  merely  wish  it  marked  with 
some  distinctive  mark,  such  us  A  or  B,  or  1  or  2,  their  conlidence  being  so 
great  in  the  indications  of  their  analyses  that  they  feel  convinced  they  can 
give  a  perfectly  trustworthy  o[)inion  on  the  wholesomeness  or  otherwise 
from  these  alone.  There  is  no  doubt  that  a  pmctised  chemist  may  make  a 
fairly  good  gurm  under  such  eircumstances,  but  as  a  rule  an  opinion  so 
formed  is  worth  very  little.  It  is,  of  course,  desirable  that  an  analyst 
should  come  to  his   inquiry    perfectly  unbiassed ;   but  before  adopting  a 

1  Sm  andfr  Alum  in  HretuL 

^  Dt  Nicliolson,  A.M.D.,  i>otic«rl  llmt  the  wjiter  at  Kanipti,  lioth  from  the  river  and 
from  wellfl,  contains  tVoin  2  to  6  gramn  pur  ealtoii  (  =  S  to  9  irnrt*  per  100,000)  of  siikyi 
derived  from  njicaceous  gravel ;  it  is  conibinm  with  magueiim,  and  it  renders  the  wip  twit 
inappUcivbli;. 
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conclusion  as  regards  a  water,  the  medical  ofl&cer  will  always  do  well  to 
obtain  every  item  of  information  about  it  that  it  is  possible  to  get,— other- 
wise he  is  sure  to  fall  sooner  or  later  into  error.  Thus,  constituents  may 
be  present  in  a  deep-well  water  and  have  no  particular  significance,  whilst 
in  a  shallow-well  water  they  would  be  sufficient  to  condemn  it.  At  present 
we  have  little  or  no  means  of  positively  distinguishing  vegetable  from 
animal  organic  matter;  yet  it  is  obvious  that  an  amount  of  the  former 
would  be  admissible  which  could  not  be  allowed  of  the  latter. 

The  inadvisability  of  drawing  hard  and  fast  lines  on  the  subject  is  being 
now  more  generally  recognised ;  and  the  remark  of  Mr  Charles  £kin  ^  is 
very  apposite,  for  he  says  it  is  as  if  tnz  typhoid  germs  were  harmless  and 
nine  were  hurtful.  It  may  be  true  that  the  larger  the  dose  of  poison  the 
more  certain  the  effect,  but  we  know  too  little  at  present  to  allow  us  to  say 
where  the  line  is  to  be  drawn.  At  the  same  time,  some  approximation  to 
classification  may  be  made.  The  Reports  on  Hygiene  in  the  A.M.D.  Annual 
Reports,  vols,  xviii.  to  xxi.,  and  xxix.  and  xxx.,  may  be  referred  to  for  tables 
of  water  analyses,  with  approximate  classifications. 

Subjoined,  in  pp.  714-17,  are  tables  of  typical  waters  divided  into  four 
classes, — 1.  Pure  and  wholesome ;  2.  Usable;  3.  Suspicious;  and  4.  Impure. 
These  are  merely  suggested  as  general  guides,  some  latitude  being  neces- 
sary, according  to  circumstances. 

1.  Chlorine  in  Chlorides, — The  purest  waters  contain  small  quantities  of 
chlorides,  generally  less  than  1*5  per  100,000.  Rain-water  generally  contains 
0*22  to  0*5  per  100,000.  An  increase  in  ordinary  drinking  water  may  be 
due  to  sea-water,  salt-bearing  strata,  or  sewage,  or  other  impurities.  In 
the  two  former  cases  it  is  comparatively  innocent,  but  in  the  last  it  may 
be  an  indication  of  dangerous  contamination,  in  which  case  it  is  usually 
connected  with  an  increase  in  the  ammonias,  the  oxidisable  matter,  and  the 
nitrogen  acids.  Sewage  contamination  can  never  take  place  without  some 
increase  in  the  chlorides,  unless  it  be  through  gaseous  emanations.  Some 
deep  wells  contain  large  quantities  of  chlorides,  but  the  other  details  of  the 
analysis  will  show  that  this  is  not  due  to  any  recent  contamination. 

Generally  speaking,  however,  an  excess  of  chlorine  is  a  reason  for  suspicion, 
until  a  satisfactory  explanation  of  its  presence  is  obtained.*^ 

2.  SoHdft,  Total  and  Volatile. — The  amount  of  solids  varies  very  greatly 
with  the  source  of  the  water.  Pure  upland  surface  waters  contiiiii  very 
little,  sometimes  not  more  than  3  to  4  parts  per  100,000.  The  Loch 
Katrine  water,  supplied  to  Glasf^ow,  yields  only  2*4  per  100,000;  Thirlniere 
Lake,  about  to  be  supplied  to  Manchester,  almost  the  same,  and  the  Rivor 
Vyrnwy,  which  will  shortly  supply  Liverpool,  3*4  per  100,000. 

On  the  other  hand,  waters  from  jmre  sources  other  than  upland  surface 
show  much  more  than  this.  On  the  whole,  we  may  lay  it  down  that  the 
purest  upland  surface  waters  seldom  contain  more  than  about  7  parts  jior 
100,000,  but  that  considerable  latitude  may  be  admitted  in  waters  from  deep 
wells,  chalk  strata,  and  the  like. 

Of  the  solids  not  more  than  about  1*5  per  100,000  ought  to  be  volatile, 
or  capable  of  being  driven  off  by  a  red  heat.  The  solids  should  blacken 
very  slightly  on  ignition.  A  little  deviation  from  this  rule  is  admissible  in 
water  from  peat  land. 

3.  Ammonia,  Free  and  Albuminoid. — Pure  waters  yield  from  nil  to  0*002 
per  100,000  of  free  ammonia,  and  from  nil  to  0005  per  100,000  of  albu- 

1  Potable  Water,  by  Charles  Ekin,  F.C.S.     J.  &  A.  Churchill. 

2  Good  deep-well  water  may  contain  10  grains  of  chlorine  per  gallon  ;  sewage  effluent  (n^ 
at  Aldershot)  only  2*8. 
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minoid  ammonia.  Usable  water  may  contain  up  to  0*005  per  100,000  of 
free,  and  0  01  per  100,000  of  albuminoid  ammonia.  These  numbers,  how- 
ever, require  qualification,  for  they  may  be  exceeded  in  cases  where  water  is 
thoroughly  good  for  dietetic  purposes.  Rain-water  often  contains  a  large 
amount  of  free  ammonia,  probably  derived  from  soot,  and  it  appears  to  be 
harmless. 

Deep  wells  often  show  a  large  amount  of  free  ammonia  and  chlorides  with- 
out necessarily  indicating  pollution ;  but  the  same  amounts  in  a  shallow  well 
would  point  to  probable  sewage  pollution,  or  at  least  to  the  presence  of  urine. 

The  presence  of  a  considerable  amount  of  albuminoid  ammonia,  with 
little  free  ammonia  and  chlorides,  is  generally  indicative  of  vegetable  organic 
matter,  often  peaty.  This  is  the  character  of  the  greater  part  of  the  water 
sup])ly  of  Ireland. 

The  real  significance  of  the  albuminoid  ammonia  has  been  much  discussed, 
but  the  results  obtained  are  sufficiently  uniform  to  give  us  a  convenient 
measure  of  purity,  provided  we  are  careful  not  to  draw  the  line  too  close. 
All  the  nitrogen  of  the  organic  matter  is  certainly  not  obtained  by  this 
method,  but  this  is  immaterial  so  long  as  the  proportion  is  fairly  maintained. 
The  results  correspond  to  a  certain  extent  with  the  organic  nitrogen  of  Frank- 
land,  and  the  process  is  much  more  feasible  for  medical  officers  generally. 

4.  Nitric  and  Citrons  Acids  in  Nitrates  and  Nitrites, — The  significance  of 
these  is  very  important.  Nitric  acid  is  the  ultimate  stage  of  oxidation  of 
nitrogenous  organic  matter,  and  when  present  in  water  it  is  almost  always 
the  result  of  previous  pollution,  either  of  the  water  itself  or  of  the  strata 
through  which  it  flows.  It  gives  us  no  information,  however,  as  to  the 
exact  time  when  the  pollution  took  place.  In  some  samples  from  deep  wells 
it  is  evident  that  the  pollution  must  have  been  very  ancient.  It  has  been 
distinctly  shown  by  Schloesing  and  Muntz^  and  by  R.  Warington^  that 
nitrification  is  a  fermentative  process,  excited  and  carried  on  through  the 
agency  of  a  minute  organism,  just  as  ordinary  fermentation  is  carried  on 
through  the  medium  of  torula,  Nitrous  acid  indicates  the  presence  of 
organic  matter  undergoing  change :  it  is  either  a  stage  in  the  direct  oxida- 
tion of  such  matter,  progressive  or  arrested,  or  a  retrogression  from  nitric 
acid  in  consequence  of  the  latter  having  yielded  up  a  part  of  its  oxygen. 
In  this  way  nitrous  acid  might  retrograde  still  further  and  become  converted 
again  into  ammonia,  or  be  dissipated  as  nitrogen.  Nitrous  acid  is  a  much 
more  important  substance  than  nitric,  as  indicating  present  danger,  and  a 
very  small  amount  of  it  is  sufficient  to  remove  a  water  into  the  suspicious 
class.  It  is  rare  to  find  any  of  the  higher  forms  of  life  in  a  water  rich  in 
nitrites,  although  bacteria  may  be  found.  Pure  water  ought  to  be  quite 
free  from  nitrites,  and  ought  to  show  only  traces  at  most  of  nitrates, — the 
limit  being  about  0032  per  100,000  of  nitric  acid,  representing  of  com- 
bined nitrogen  0*014  per  100,000.  The  total  combined  nitrogen  (including 
that  in  the  free  ammonia)  would  be  0*016  per  100,000;  whilst  the  total 
nitrogen  (including  that  in  the  albuminoid  ammonia)  would  be  0*023 
per  100,000.  The  presence  oi  nitrites  is  suspicious:  the  marked  presence 
of  nitrates  ought  to  be  a  ground  for  careful  inquiry.  In  some  soils,  espe- 
cially sands  and  gravels,  and  in  ferruginous  soils,  the  process  of  nitrification 
goes  on  extremely  rapidly,  and  the  existen(je  of  impurity  may  escape  notice 
if  the  examination  for  nitric  acid  be  omitted. 

5.  Oxyiien  absorbed, — ^This  ought  not  to  exceed  about  0  0250  per  100,000 
within  half  an  hour  for  organic  matter  alone, — that  is,  after  deducting  any 

1  Comptes  Rendus,  Ixxxiv.  301 ;  Ixxxv.  1018  ;  Ixxxvi.  802 ;  Ixxxix.  801,  1074. 
a  Chem.  Soc,  Jour,,  1878,  xxviii.  44  ;  1879,  429.    Chem.  AVtw,  xliv.  217. 
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that  may  be  absorbed  by  nitrous  acid  if  present.  This  latter,  however,  should 
not  be  present  in  a  water  of  the  first  class.  The  experiment  to  be  done  with 
permanganate  and  acid  at  a  temperature  of  140'  Fahr.  (60*  C). 

Frankland  and  Wigner  allow  four  times  the  above  amount  for  upland 
surface  waters,  and  double  the  above  amount  for  other  waters, — the  experi- 
ment being  performed  for  four  hours  at  a  temperature  of  80°  Fahr.  (27**  C). 

In  water  with  little  chlorine  and  little  or  no  free  ammonia,  a  higher 
amoimt  than  the  above  may  be  present  without  danger,  as  in  all  probability 
it  will  be  due  to  vegetable  matter. 

6.  Hardness. — The  fixed  hardness  should  not  exceed  3**  of  the  metrical 
scale.  The  total  hardness  may  vary  more,  but  if  possible  should  not 
exceed  7*  to  8**'5  (metrical). 

7.  Phosphates, — The  presence  of  these  in  any  marked  quantity  will 
generally  corroborate  inferences  as  regards  sewage  contamination  drawn 
from  the  other  indications. 

Sulphates, — An  excess  of  sulphates  will  in  many  cases  also  indicate  con- 
tamination, though  they  may,  Hke  chlorine,  come  from  innocuous  sources. 

8.  Metals. — Pure  water  should  contain  no  heavy  metal,  although  a  trace 
of  iron  may  be  found  sometimes.  In  some  cases  iron  feeems  beneficial,  as  it 
helps  to  oxidise  the  organic  matter.  The  presence  of  any  other  heavy  metal 
ought  to  condemn  the  water. 

9.  The  presence  of  hydrogen  sulphide  or  alkaline  sulphides  ought  to 
condemn  the  water. 

It  is  always  advisable  to  get  information  if  possible  as  to  the  usual  com- 
position of  a  water  to  be  examined,  as  even  slight  variations  may  suggest  a 
clue  to  the  nature  or  cause  of  an  impurity.  The  microscopic  examination 
of  the  sediment  ought  always  to  be  performed  where  possible,  as  it  often 
affords  important  information  when  the  chemical  investigation  fails.  Thus, 
the  presence  of  such  objects  as  muscular  fibre,  wheaten  starch  cells,  spiral 
vegetable  fibres,  mucous  epithelium,  disintegrating  masses  of  paper,  ttc,  are 
sufficient  alone  to  condemn  water  (especially  if  it  be  from  a  shallow  well), 
even  when  the  chemical  constituents  are  within  limits,  as  they  are  un- 
doubted evidences  of  animal  contamination,  almost  certainly  sewage.  In 
such  cases  the  nitric  acid  is  nearly  always  large  in  amount. 

10.  Form  of  Report. — This  is  immaterial,  so  long  as  the  facts  are  set 
forth  clearly  and  the  conclusions  drawn  stilted  distinctly.  On  page  718  will 
be  found  the  Form  at  present  in  use  at  Xetley,  which  may  serve  as  a 
guide. 

SECTIOX  lY. 

Bacteriological  Examination  of  Water. ^ 

The  method  of  examination  introduced  by  Koch,  consisting  of  plate  culti- 
vations in  nutrient  gelatine,  is  well  adapted  for  this  branch  of  water  analysis. 
A  measured  quantity  of  the  water  to  be  examined *is  introduced  into  a  test 
tube  containing  liquefied  nutrient  gelatine.  This  is  then  spread  out  on  a  glass 
plate,  and  in  a  few  minutes  becomes  solid.  The  micro-organisms  present  in 
the  water,  if  any,  being  now  fixed  in  a  solid  medium,  will  grow  in  the  places 
where  they  have  been  fixed,  and  in  this  way  colonies  of  bacteria  are  develo{>ed, 
which  can  be  ditTercntiated  from  one  another  by  various  peculiarities  of  growth. 

The  nutrient  medium  employed  by  Koch  is  prepared  by  extracting  half 
a  kilogramme  (about  1  lb)  of  beef,  finely  chopped  up,  with  one  litre 
(IJ  pints)  of  water,  with  the  addition  of  10  grammes  peptonum  siccum, 

1  The  chief  forma  of  Bacteria,  &c.,  are  shown  in  Plate  X. 
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5  grammes  common  sjxlt  and  100  grammes  of  geltitiue,  rendered  very  slij^litly 
alkaline  with  carbonate  oi  stHla,  filti^re^l^  and  steriliised  by  auccessive  Iwiling:*, 
A  pcrfetitly  clear  and  tninsparent  medium  sliouM  reanltj  solid  ut  ordinary 
temperatures.  Thia  is  kept  sterilised  in  test  tubes  alxtut  one  quarter  full, 
closed  with  sterilised  cotton  wooL 

One.  of  these  tubes  of  gelatine  having  been  liquefied  l\v  genth>  heat^  a 
measured  quantity  of  water,  generally  speaking  0*5  c.c,  Imt  varying  from 
0*1  to  1  c.e.  aceonling  to  the  quality  of  tlie  water,  is  transferred  from  tlie 
bottle  under  examination  to  the  gelatine  test  tube  by  means  of  a  graduated 
pipette,  that  has  been  sterilised  by  he4iting  in  the  flame  of  a  Btmsen  burner. 
The  water  and  gelatine  are  well  mixed  t^jgether  by  gently  shaking  or  rolling 
the  tube  between  the  hngers.  The  mixture  is  then  spread  out  to  form  a 
'*  plate  cultivation  "  ;  this  may  either  be  prej^ared  by  jmuring  the  gelatine 
on  to  a  sterilised  glass  plate  and  keeping  it  under  a  bell  glass,  in  which  is 
a  piece  of  filter  pajier  moistened  with  1  per  1000  perehioride  of  mercury 
solution,  which  furni.shes  a  moist  and  sterile  atmosphere;  or  more  conveni- 
ently, the  little  dishes  invente*:l  by  Dr  Petri  may  be  used-  These  are  circular 
glass  dishes  measuring  aliout  4  inclies  across,  with  a  shallow  rim  and  covered 
by  a  glass  lid  ;  they  are  sterilised  in  im  oven  at  1.^0'  Cent,  and  remain  sterile, 
BO  long  us  the  lid  is  not  removed.  The  intn^duction  of  the  liquefied  gelatin© 
only  occupies  a  very  few  seconds,  the  lid  is  replaced,  and  the  prepanition 
remauis  uncontannnated.  The  gelatine  becomes  solid  in  from  2  to  10 
minutes  according  to  the  teinjK'rature.  It  is  sprt\^d  out  in  a  thin  layer  over 
the  dish^  and  its  a|>pearaiice  can  be  noticed  from  day  to  day  with  a  magnify- 
ing glass,  without  removing  the  lid,  by  avoiding  which  a  source  of  contamina- 
tion and  fallacy  is  got  rid  tif. 

The  diameters  of  the  organ ijsms  that  grow  in  the  nutritive  media  do  not 
appear  hitherto  to  have  beeti  described  wiili  much  minuteness ;  it  st-ems 
probable  that  the  habit  of  growth  of  the  ditferent  species  would  be  constant, 
and  til  at  therefore  a  systeruatic  description  of  the  nake^l  eye  chameters  of 
the  different  kinds  of  colonies  might  aflVvrd  vahiable  indications. 

Dr  A.  ^L  Da  vies  i  suggests  that  colonies  should  be  described  according  to 
the  following  characters.  The  distinction  between  Cocci  and  Bacilli  should 
be  noted  :  then — 

A.  Those  that  liquefy  gelatine ; — 

Their  colour,  presence  or  absence  of  a  ileposit  and  its  colonr,  presence  or 
absenci*  of  a  clear  areola  round  the  liquctied  part. 

B.  Those  that  do  not  liqu^^fy  gelatine  :— 

I.  Ct4fmr\— This  is  generally  whitish  or  yeUowigh ;  it  may  be  milky  ot 
translucent  {colour  absent) ;  pale  or  deep  yellow,  orange,  Mse-coloured,  &c* 

IL   FoniL^Thh  may  be  circular,  ovid,  irngidar,  or  l>rJinching. 

in.  iJispimtioiK— The  colonies  may  be  raised  above  the  surface  of  the 
gelatine,  or  they  may  be  flat,  or  they  may  be  excavated  in  its  sulistatice,  or 
cup'ShapeiL 

IV.  JSur/nce, — This  may  be  either  moist  or  dry,  shining  or  dull|  or  waxy- 
looking, 

V,  Pt^culiantfes, — Such  as  a  granular  appearance,  esjwciolly  hardness  or 
softness  of  growth. 

If  to  these  bo  added  a  description  of  the  appearance  of  the  growth  in 
pure  cultivation  in  gelatine  tul>es,  on  agar  agar,  and  on  potato,  as  well  as  of 
tho  microscopic  cliaractiiu's  of  the  organism,  we  liave  an  assemblage  of  facts 
that  would  probably  be  sutlicient  to  ditl'erentiate  the  species;  inoculation 
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into  living  animals  of  various  kinds  is  necessary  of  course  to  detemiine 
whether  it  be  pathogenic  or  not. 

MicTO-organisrm  in  Water, 

The  presence  of  micro-organisms  in  water  has  been  recognised,  and  at- 
tempts have  been  made  to  study  their  nature  and  significance  only  within 
recent  years.     Miquel  in  Paris,  Koch  in  Berlin,  and  Angus  Smith  in  this 
country,  were  the  earliest  investigators  in  this  line  of  research,  and  it  is  to 
Koch's  method  of  plate  cultivations  in  nutrient  gelatine  that  we  are  indebted 
for  the  results  that  have  been  hitherto  attained.     By  this  method  a  small 
quantity  of  water  is  intimately  mixed  with  fluid  gelatine,  which  is  spread  in 
a  thin  layer  upon  a  glass  plate  and  allowed  to  solidify ;  the  germs  of  micro- 
organisms will  thus  be  fixed,  and  will  proceed  to  grow  and  form  "  colonies," 
each  germ  growing  separately  in  the  gelatine  wherever  it  may  have  lodged, 
and  not  interfering  with  the  development  of  other  germs.     It  is  obvious  that 
only  such  organisms  as  find  this  particular  nutrient  medium  favourable  to 
their  growth  will  form  colonies  on  the  plates :  there  may  be  many  other 
kinds  whose  presence  is  not  revealed  by  this  method  of  cultivation  :   the 
gelatine  process,  however,  is  the  one  that  has  been  usually  employed,  and  it 
is  at  any  rate  of  value  in  instituting  a  comparison  between  the  organisms 
present  in  diflferent  waters,  even  if  it  does  not  show  the  total  amount  of 
microbic  life  present  in  any  of  them.     Moulds,  yeasts  and  Schizomycetes  or 
Bacteria  are  all  found  to  be  present  in  waters,  but  the  significance,   both 
pathological  and  hygienic,  of  the  two  former  groups  is  of  far  less  ini2x>rtance 
than  that  of  the  latter.     The  two  points  that  require  attention  are,  first,  to 
ascertain  the  number  of  micro-organisms  j^resent;  and,  secondly,  to  deter- 
mine their  nature^  t>.,  to  differentiate  between  the  several  varieties  that  may 
be  present,  and  especially  to  ascertain  which  are  hurtful  and  which  are 
harmless,  when  swallowed  in  drinking  water. 

The  numeration  of  the  colonies  that  grow  on  a  gelatine  plate,  when  the 
gelatine  has  been  mixed  with  a  known  (juantity  of  water,  has  been  carritnl 
out  by  Miquel,  by  Koch  and  by  other  observers  in  Germany,  and  by  Pro- 
fessor Percy  Frankland  in  England.  The  numbers  are  generally  stated  })er 
cubic  centimetre,  each  colony  resulting  from  and  therefore  indicating  the 
presence  of,  so  many  separate  forms.  From  4  to  6  colonies  have  been  found 
in  rain  water,  and  in  boiled  distilled  water  j)er  cubic  centimetre,  while  in  the 
sewer  water  of  Paris  Miquel  found  6,000,000,  and  Koch  found  in  a  similar 
water  as  many  as  38,000,000  in  the  same  bulk  of  fluid.  The  water  of  the 
Rhine,  near  Cologne,  was  found  to  contain  nearly  21,U00,  while  water  from 
a  well  not  far  from  the  river  gave  only  from  80  to  180. 

But  it  has  been  shown  that  the  number  of  colonies  that  can  be  cultivattxi 
from  a  sam])le  of  water  depends  on  sev(»ral  circumstances  besides  the  actual 
condition  of  the  water  itself  :  the  chief  intluencing  circumstances  are  the 
tevipera(iu'(\  and  the  tiiuf  that  has  elapsed  between  the  taking  of  the  sample 
and  the  making  of  the  cultivation.  Thus  there  are  always  more  to  be  found 
in  warm  weather  than  in  cold,  in  summer  than  in  winter.  Again  the  culti- 
vation should  be  carried  out  immediately  the  siimple  of  water  has  been  drawn 
in  order  to  get  a  correct  idea  of  its  bacterial  richness  or  the  reverse  :  if  the 
same  water  be  kept,  in  a  few  hours  it  will  be  found  to  furnish  a  much  larger 
number  and  as  days  go  on  this  number  increases  for  a  longer  or  shorter  pericHl, 
afterwards  diminishing  until  perhaps  there  may  be  complete  disiippearance 
of  the  organisms.  Unless,  therefore,  cultivation  experiments  are  conducted 
at  precisely  the  same  temperatures  and  at  precisely  the  same  intervals  tifter 
collecting  the  samples  of  water,  the  mere  numeration  of  the  colonies  would 
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appear  to  give  no  useful  information,  and  may  be  misleading.  If  uniformity 
in  these  rx)nditions  be  observed,  there  still  appears  to  be  no  certain  relation- 
ship between  the  organic  purity  of  the  water  and  the  amount  of  bacterial  life 
present  therein.  Proust  has  shown  that  the  water  of  the  Vanne,  containing 
5  milligrammes  of  organic  matter,  furnishes  11,000  colonies  per  cubic  centi- 
metre, while  the  water  of  the  canal  de  FOurcq  with  14  milligrammes  of 
organic  matter  only  gives  8000  colonies  per  cubic  centimetre.  One  point 
that  appears  to  be  demonstrated  is  that  the  smaller  the  number  of  organisms 
present,  the  more  efficient  is  the  filtration  which  has  been  undergone  by  the 
water,  whether  the  filtration  be  by  natural  means  through  the  soil,  or  arti- 
ficially brought  about  through  a  filter.  The  Pasteur-Chamberland  filter 
yields  water  absolutely  free  from  micro-organisms. 

It  is  of  greater  importance  to  determine  the  nature  than  merely  to  count 
the  number  of  bacteria  in  a  sample  of  drinking  water :  but  it  is  a  much  more 
difficult  thing  to  do. 

The  first  step  is  to  distinguish  those  organisms  tliat  exist  naturally  in  the 
water,  and  are  harmless,  from  those  that  are  known  to  be  pathogenic  or  dis- 
ease-producing, none  of  which  (so  far  as  our  present  knowledge  goes),  are 
known  to  be  normal  constituents  of  water. 

The  indifferent  or  non-pathogenic  organisms  that  have  been  found  include 
some  hundred  species  that  have  been  described,  besides  very  many  other 
imdetermined  varieties,  the  characters  of  which  are  not  sufficiently  known 
to  warrant  their  description  as  distinct  species.^ 

The  pathogenic  bacteria  that  have  hitherto  chiefly  attracted  attention  as 
being  found  to  occur  in  drinking  water  are :  Bacillus  typhi  abdaniinalisy 
Koch's  comma  bacillus  and  bacillus  anthracis.  The  typhoid  bacillus  has 
been  found  by  several  observers  in  connection  with  epidemics  of  enteric  fever: 
it  has  also,  on  the  other  hand,  escaped  the  most  careful  search  in  some  cases 
where  circumstances  pointed  to  the  water  as  the  cause  of  the  epidemic.  Koch 
obtained  cultivations  of  the  "  cholera  bacillus  "  from  tank  water  at  Calcutta, 
and  since  then  other  observers  have  demonstrated  its  presence  in  other  waters. 

These  and  other  pathogenic  bacteria  have  been  introduced  experimentally 
into  samples  of  water  of  different  kinds,  and  careful  investigations  carried 
out,  as  to  whether  or  no  such  pathogenic  organisms  are  capable  of  continuing 
in  an  active  state  or  propagating  themselves  under  different  circumstances. 
Some  have  found  the  typhoid,  anthrax  and  comma  bacilli  able  to  multiply 
under  certain  conditions.  Meade-Bolton,  who  made  a  large  number  of  ex- 
periments on  these  and  other  organisms,  found  on  the  other  hand  that  in  no 
case  did  multiplication  take  place,  but  that,  on  the  contrary,  there  ensued  a 
constant  and  progressive  diminution  in  the  numbers.  Spores,  however, 
retained  their  capacity  for  development  for  a  long  time. 

If  the  water,  into  which  the  bacteria  are  introduced,  be  sterilised,  their 
chance  of  living  is  greater ;  in  fact,  it  appears  to  be  the  presence  in  natural 
waters  of  their  own  natural  "  aquatic  bacteria,"  that  prevents  the  develop- 
ment in  them  of  the  non-natural  pathogenic  forms :  the  former  are  better 
fitted  to  their  environment  than  the  latter,  and  in  the  struggle  for  existence 
these  latter  succumb. 

The  question,  however,  whether  the  non-pathogenic  aquatic  organisms 
may  not  under  certain  circumstances,  become  converted  into  jxithogenic 
forms :  or  rather,  whether  forms,  whose  functions  are  usually  such  as  to 
render  them  harmless,  may  not  under  certain  circumstances,  take  on  other 

1  Reference  may  be  made  to  Arnould's  EleinenU  cC Hygiene  and  works  therein  quoted,  also 
to  several  papers  in  the  Centralhlalt  /iir  Bacleriologiey  and  to  Diagnostica  dH  ikiUeri  delU 
Acque^  by  A.  Lustig,  Turin,  1890. 
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functions,  and  develop  other  properties,  which  may  cause  them  to  be  patho- 
genic— this  question  has  not  yet  been  answered  :  for  the  present  no  answer 
seems  to  be  possible. 

The   following  tables  gives  an  approximate  view  of  the  composition  of 
drinking  waters  of  the  four  classes : — 

1.  Pure  and  Wfiolesome  Water. 


Character  or  Constituents. 

Remarks. 

Physical  characters, 

Colourless,  or  bluish  tint; 

Turbidity,  due  to  very  fine  mi- 

transiMiri-nt,   sparkling, 

neral  matter,    is   sotnetimes 

and    weU 

aerated;    no 

associated  with  pure  waters; 

sediment  visible  to  nalied 

thus,    minutely   divided  cal- 

eye.    no 

smell;    taste 

cium  sulphate  will  not  sub- 

palatable. 

side  in  distilled  water. 

Chemical  Constituents. 

Grains 
per  f»llon. 
1  in  70,000. 

Centi- 
grammes 
p«*r  litre, 
1  in  100,000. 

i 

This  may  be  exceeded  if 

1.  ChloriDO  in  chlorides,    under 

1-0000 

1-4000  j 

from  a  purely  mineral 
source. 

2.  Solids  in  solution:  total,  under 

5-0000 

7-1428  ( 

The  solids  may  be  ex- 
ceeded iu  chalk  waters, 

„               ,,    volatile,  under 

1-0000 

1 -4000  1 

N.B.— The  solids  on  incinera- 

1 

where  they  are  mostly 

tion  should  scarcely  blacken. 

I 

calcium  carbonate. 

3.  Ammonia,  free  or  saline,  under 

0-0014 

0-0020 

„          albuminoid,    uJider 

0-0035 

0-0050 

4.  Nitric  acid  (NO,),      .     under 
iu  nitrates. 

1   0-0226 

0-0323 

Nitrous  acid  (NOjj),    . 
in  nitrites. 

}   „n 

nil 

Nitrogen  in  nitrates,       under 

0-0100 

0-0140 

Total  combined  nitrogen,  in- 

^ 

cluding    that    in    the    free 

[  0-0112 

0-0160 

ammonia,       .         .     under 

i 

Total       nitrogen,      including 

< 

that     in     the     albuminoid 

-  0-0160 

0-0230 

ammonia,       .         .     under 

5.  Oxygen   absorbed   by  organic 

I  0*0175 

The      oxygen      absorbed 

matter  within  half  an  hour, 

0'0250-j 

may     be     doubled      in  i 

by  perman«:an}ite  and  acid 

peat  or  upland  surface  i 

at  HOT.  (60°  C),      under 

I 

waters. 

Do.      do.  in  15  minutes,  at 
80*"?.  (27'C.),    .     under 

1   0*0100 

0-0125 

Do.       do.  in  4  hours  at  SC 
F.  (27"C.)           .     under 

j    0-0350 

0-0500 

' 

6.   Hardness,  total,          .     under 

e'^-o 

8° -5 

,,           fixed,         .     under 

2'-0 

3''-0 

7.  Phosphoric  acid  in  phosphates, 

traces 

Sulphuric  acid  in  sulphates. 

traces 

8.   Heavy  metals,    . 

nil 

9.  Hydrogen    sulphide,    alkaline 

}     nil 

sulpiiidcs, 

See  rcmarlcs  on  biological  ex- 

Microscopic characters, 

Mineral  matt 

er;  voRctable 

forms;  w.th 

endocliromc: 

periments  in  text. 

larjTP  anlma 

1  fonns;    no 

orKunic  dcbi 

1s. 

1 

A  water  such  as  the  above  may  generally  be  used  with  coufiilence,  in  the  absence  of  any 
history  of  pf)ssil)le  pollution,  or  of  any  recent  and  apj>reciable  change  iu  the  amount  of  the 
organic  constituents. 
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2.  Usable  WaUr, 


ChaiBcter  or  ConatltaenU. 


Physical  characters, 


Chemical  Constituents. 


1.  Chlorine  in  chlorides,     under 

2.  Solids  in  solution:  total,  under 

„        ,,     volatile,        under 

3.  Ammonia,  free  or  saline,  under 

,,       albuminoid,     under 


4.  Nitric  acid  (NO3), 
in  nitrates. 


under 


Nitrous  acid  (NO2), 
in  nitrites. 

Nitrogen  in  nitrates,       under 

Total  combined  nitrogen,  in- 
cluding that  in  free  am- 
monia,    .         .        .     under 

Total  nitrogen,  including 
that  in  albuminoid  am- 
monia, .  .  .  under 
6.  Oxygen  absorbed  by  organic 
matter  within  half  an  hour, 
by  permanganate  and  acid, 
at  140**  F.  ((iO'^C),        under 

Do.  do.  in  15  minutes,  at 
80'F.  (27*'C.),  .  under 
Do.  do.  in  4  hours,  at  80' F. 
(27°  C).  .         .        .     under 

6.  Hardness,  total,.         .     under 

„  fixed,  .     under 

7.  Phosphoric  acid  in  phosphates. 
Sulphuric  acid  in  sul- 
phates,      .         .         .     under 

8.  Heavy  metals — Iron, 

9.  Hydrogen   sulphide,   alkaline 

sulphides,    .        .        .        . 


Microscopic  characters. 


Colourless  or  slightly 
greenish  tint;  trans- 
parent, sparkling,  and 
well-a6rated;  no  sus- 
pended matter,  or  else 
eHsily      separated      by 

'  coarse  flitratioii  of  sub- 
sidence :  no  smell ;  taste 
palatable. 


Grains 
per  gallon, 
1  in  70,000. 


3-0000 

30-0000 
3  0000 

0-0035 
0  0070 

-  0-3500 

nU 
0-0790 

-  0  0819 

[  0-0876 

0-0700 

0  0210 

01050 

12°-0 

4°0 

traces 

2-0000 

traces 

nil 


Centi- 
grammes 
per  litre, 
1  in  100,000. 


4-2857 

42-8571 
4-2857 

0  0050 
0  0100 

0-5000 

nil 

0-1129 
0-1170 

0  1252 

0-1000 

0-0300 

0-1500 

17° -3 

5° -7 

traces 

3  0000 

traces 

nil 


Same  as  No.  1. 


Remarks. 


In  some  usable  waters,  such  as 
peat  waters,  the  colour  mMy 
be  yellow  or  even  brownish. 
In  some  also  the  taste  may 
be  flat  or  only  moderately 
palatable. 


This  may  be  much  larger 
in  waters  near  the  sea, 
deep-well  waters,  or 
waters  from  saline 
strata. 

The  solids  may  blacken, 
but  no  nitrous  fumes 
should  be  given  off. 

{This  may  be  greater  in 
deep-^ell  waters. 
rThis  may  be  larger  in 
j  upland  surface  waters, 
\  peat  waters,  kc. ,  when 
I  the  source  is  chiefly 
L  vegetable. 
fThe  amount  of  nitrates 
varies  greatly,  so  that 
an  average  is  of  doubt- 
ful value. 


The  oxygen  absorbed 
may  be  greater  (about 
double)  in  upland 
surface  waters,  peat 
waters,  &c. 


'  In     some    waters    the 
amount  maybe  larger. 


A  water  such  as  the  above  wUl  in  most  cases  be  usable,  but  it  will  be  improved  by  filtra- 
tion through  a  good  medium. 
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3.  Suspicious  Water, 


Character  or  Constitnents. 

Remarks. 

Physical  characters, 

Yellow  or  strong  green 

Where  the  imparity-  Is  noostly 

colour;    turbid;     sus- 

vegetable, ^e  colour  may  be 

pended     matter     con- 

very marked  in  usable  water. 

siderable;    no     smell, 

but  any  marked  taste. 

1 

Grains 

Centi- 

Chemical Constituenta. 

per  gallon, 
1  In  70,000. 

grammes 

per  litre, 

1  in  100.000. 

4to7 

In  some  cases  the  chlor- 

1. Chlorine  ia  chlorides,     . 

3  to  5 

2.  Solids  in  solution  :  total, 

30  to  50 

43  to  71 

ine  may  be  greater. 

,,              „          volatile,  . 

3  to5 

4  to7 

C    0-0035 

0-0050 

3.  Ammonia,  free  or  saline, 

\      to 

to 

1    0-0070 

0-0100 

I   0-0070 

0-0100 

„          albuminoid. 

\      to 

to 

1    0-0087 

0-0125 

4.  Nitric  acid  (NO,), 

/    0-35  to 

0-5  to  1  -0 

in  nitrates. 

t    0-70 

Nitrop  acid  (NOj), 

0-0350 

0-0500 

in  nitrites. 

Nitrogen     in     nitrates     and 

r  0-0870 

0-1243 

nitrites,       .... 

to 

to 

t   0-1661 

0-2373 

Total   combined  nitrogen,  in- 

0-0871 

0-1247 

cluding    that    in    free    am- 

I     to 

to 

monia,         .... 

(    0-1718 

0-2455 

Total      nitrogen,      including 

(    0-0879 

0-1255 

that     in    albuminoid     am- 

to 

to 

monia,         .... 

(    0-1726 

0-2465 

5.  Oxygen  absorbed  by  organic 
matter  within  half  an  hour 

1    0-0700 
\     to 
1    0-1050 

0-1000 

by  permanganate  and  acid, 
at  140"  F.  (60°  C),       . 

to 
0-1500 

Do.    do.    in    15   minutes,    at 

'  0-0350  to 
/  0  0700 

0-0500  to 

80^  F.  (27' C).    . 

0-1000 

1 

Do.  do.  in  4  hours,  at  80°  F. 

\  0-1 500  to 

0-2000  to 

1 

(27"  C), 

J  0-2800 

0-4000 

6.  Hardness,  total,     .           above  , 

12°-0 

17°-0 

1 

,,          fixed,     .           above 

4°-0 

5" -7 

7.  Phos[)horic     acid     in     phos- 

)     , 

phates,         .         .         .         .1 

j      heavy 
-   2-0000 

traces 

Sulphuric       acid       in       sul-  i 
phates,         .         .           above  \ 

3-0000 

'  This  may  sometimes  be 
\      larger. 

8.   Heavy  metals— iron. 

traces 

traces 

9.  Hydrogen    sulphide,   alkaline 

sulphides,    . 
Microscopic  characters. 

nil 

nil 

Vegetable    and     animal 

foi-nis  more  or  less  pale 

and  colourless;  organic 

1 

debris;  fibres  of  cloth- 

ing, or  other  evidence 

of  house  refuse. 

A  water  such  as  the  above  ought  to  excite  suspicion  ;  its  use  ought  to  be  suspended  until 
inquiries  about  it  can  be  made  ;  if  it  must  be  used,  it  ought  to  be  boiled  and  filtered. 


CLASSIFICATION — IMPURE  WATER. 
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4.  Impure  Water, 


Character  or  Constitaento. 


Physical  characters,  , 


ChemicAl  Constituents. 


1.  Chlorine  in  chlorides,      cibave 

2.  Solids  in  solution  ;  total,  above 

,,  ,,       volatile,  above 

8,  Ammonia,  free  or  saline,  above 

,,  albuminoid,    ahove. 

4.  Nitric  acid  (NO3),     .      above 

in  nitrates. 

Nitrous  acid  (NOj),  .  ahove 
in  nitrites. 

Nitrogen  in  nitrates  and  ni- 
trites,   .         .         .       above 

Total  combined  nitrogen  in- 
cluding that  in  free  am- 
monia, .         .         above 

Total  nitrogen,  including  that 

in    albuminoid     ammonia, 

abo^e 

5.  Oxygen   absorbed  by  organic 

matter  within  half  an  hour 
by  |>ermanganate  and  acid, 
at  140**  F.  (60*  C),       above 

Do.  do.  in  15  minutes,  at 
80'F.  (27**C.),     .         above 

Do.  do.  in  4  hours,  at  80° 
F.  (27**  C),  .         .         above 

6.  Hardness,  total,      .        above 

,,         fixed,       .        above 

7.  Phosphoricacid  in  phosphates, 
Sulphuric  acid  in  8ul]>hate8, 

abow 

8.  Heavy  metals, 

9.  Hydrogen  sulphide. 
Alkaline  sulphides. 


Microscopic  characters,  , 


Colour  yellow  or  brown : 
turbid,  and  not  easily 
purified  by  coarse  flltiv- 
tlon;  laree  amount  of 
suspended  matter;  any 
marked  smell  or  taste. 


Centi- 
grammes 
per  litre, 
1  in  100,000. 


Gmins 
per  gallon, 
1  iti  70,000. 


5-0000 
50-0000 
6-0000 
0-0070 
0-0087 
0-7000 

0  0350 
I-  0-1690 
L  0-1748 

L  0-1821 

I   0-1050 

|-  0-0700 

\  0-2800 

20*'-0 
6''-0 
veiy  hea 

I-  3-0000 

any  ex 

\  lire 


7-1428 
71-4285 
7-14-28 
0-0100 
0-0125 
1-0000 

0-0600 
0-2415 
0-2497 

0-2601 


0-1600 


0-1000 

0-4000 

28- -5 
8^-7 
vy  traces. 

4-2857 

cept  iron 

sent 


Bacteria  of  any 
kind  ;  futiffi ;  nu- 
merous vegetable 
and  animal  forms 
of  low  ty|>es ;  epi- 
thclia  or  other 
animal  struc^tures  ; 
evidences  of  sew- 
age ;  ova  of  para- 
sites, &c. 


Remarks. 


Dark-coloured  waters  may  be 
usable  when  the  impurity  is 
vegetable. 


Chlorides  per  se  are  not 
hurtful,  unless  they 
are  magnesian  or  in 
some  quantity. 

Some  waters  which  are 
organically  pure  con- 
tain a  great  excess  of 
solids. 


In  the  absence  of  free 
ammonia,  or  much 
chlorine,  this  may 
be  due  to  vegetable 
matter. 


N.B. — The  inferences  to 
be  drawn  from  bio- 
logical  examination 
(cultivation  of  minute 
organisms  in  nutrient 
media)  are  still  tuo 
uncertain  to  enable 
any  definite  rules  to 
be  laid  down.  Gene- 
rally speaking,  the 
fewer  organisms  the 
better,  e8|H?ciaIly  when 
they  liquefy  the  gela- 
tine or  other  medium 
in  which  they  are 
grown. 


A  water  such  as  the  above  ought  to  be  absolutely  condemned.    Should  stress  of  circum- 
stances compel  its  use,  it  ought  to  be  well  boiled  and  filtered,  or,  better  still,  distilled. 
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The  following  is  the  form  of  Report  at  present  used  at  Netley  : 


Laboratory,  Army  Medical  School,  Nbtley. 
AncUysis  of  a  Sample  of  Drinking  Water. 


From 


Drawn 

Received 

Examined 


18 
18 
18 


Physical  Characters. 


Colour  . 
Turbidity 
Sediment 
Lustre  . 
Taste  . 
Smell      . 


Hardness  [in  parts  per  100,000]. 
Total Fixed Removable.. 


Qualitative  Exam'> 

Lime 
Magnesia 
Chlorine. 
Sulphuric  acid 
Phosphoric  acid 
Ammonia 
Nitric  acid 
Nitrous  acid    . 
Oxidisable  matter 
Metals    . 


'ncUiaru 


Quantitative  Examination. 


Volatile  matter 

Chlorine 

Calcium  carbonate  . 

Fixed  hard  salts 

Sulphuric  acid  (SO4) 

Alkaline  carbonates 

Sodium  or  other  metnl  (comO 
bined  with  CI  or  SO4)  not  ' 
included  in  Fixed  Hard  1 
Salts        ...  J 

Silica,  Alumina,  Iron,  &c. 

Total  Solids  (by  evaporation) 


Part*  per 
100,000. 


Parts  per 
100,000. 


Oxygen     required    for    organic  I 
matter    .... 

Free  ammonia 
Albuminoid 


N.B.—Tliesc  con- 
stituents, with  the 
oxidisable  organic 
matter,  indicated  by ^ 
tlie  oxygen  requir- 
ed, are  included  In 
tlie  Volatile  Matter. 


ammonia 

Nitric,  acid 
(NO,)   . 

Nitrous  acid 
(N0„)    . 

Total    Nitro-^ 
gen  includ- 
ed in    Nit- 
rites     and 
Nitrates 


Microscopic  Examination. 


Report, 


[Date] 


[Signature  of  Reporter,] 


CHAPTER  11. 

SECTION  I. 

EXAMINATION  OF  THE  AIR. 

1.  Bt  the  Senses. 

Many  impurities  are  quite  imperceptible  to  smell,  but  it  so  happens  that 
animal  organic  matters,  whether  arising  in  respiration  or  in  disease,  have, 
for  the  most  part,  a  peculiar  foetid  smell,  which  is  very  perceptible  to  those 
trained  to  observe  it  when  they  enter  a  room  from  the  open  air.  This  is, 
in  fact,  a  most  delicate,  as  well  as  a  ready  way  of  detecting  such  foetid 
impurities,  and,  with  a  little  trouble,  the  sense  of  smell  may  be  cultivated 
to  the  point  of  extreme  acuteness.  Only,  it  must  be  remembered,  that  in 
a  short  time  the  impression  is  lost,  and  is  not  at  once  regained  even  in  the 
open  air.  For  a  detailed  consideration  of  this  question,  see  Dr  de  Chau- 
mont's  papers  in  the  Proceedings  of  the  Royal  Society,  1875  and  1876. 
Among  other  points,  it  is  shown  that  the  humidity  of  the  air  has  a  very 
marked  influence  in  rendering  the  smell  of  organic  matter  perceptible,  even 
more  powerful  than  a  rise  in  temperature.  Thus  the  effect  of  an  increase  of 
one  pel'  cent,  in  the  humidity  is  as  great  as  a  rise  of  4'*'18  Fahr.  (2°*32  C.)  in 
temperature,  calculated  from  the  mean  of  458  fully  recorded  observations.^ 

As  the  evidence  of  the  senses,  however  practically  useful,  is  always  liable 
to  be  challenged,  a  more  thorough  examination  of  the  air  must  in  many  cases 
be  made. 

2.  Microscopical  and  Chemical  Examination. 

The  points  which  should  be  examined  are^ — 

1.  The  existence  and  character  of  suspended  matters  as  judged  of  by  the 

microscope,  both  by  immediate  observation  and  after  cultivation  in 
prepared  nutrient  fluids.^ 

2.  The  amount  of  COg,  which  is  taken  as  a  convenient  measure  of  all 

impurities. 

3.  The  amount  of  the  free  or  saline  ammonia. 

4.  The  ammonia  formed  by   the  action   of  alkaline   permanganate   on 

nitrogenous  substances  floating  in  the  air  (albuminoid  ammonia).* 

5.  The  amount  of  oxidisable  substances,  as  judged  of  by  the  amount  of 

oxygen  given  off  by  a  standard  solution  of  potassium  permanganate.* 

1  Supplementary  Note  on  the  Theory  of  Ventilation,  Proceedings  of  the  Royal  Society ^  Nov. 
17,  1876. 

3  The  amounts  of  oxygen  and  nitrogen  can  also  be  determined  ;  but  very  numerous  obser- 
vations have  shown  that  the  oxygen  often  varies  within  extremely  narrow  limits,  even  when 
there  is  no  doubt  of  the  presence  of  considerable  impurity  in  the  air,  so  that,  as  far  as  present 
knowledge  goes,  the  deteniiiuation  of  its  amount  is  no  ^ooil  guide  as  a  general  rule. 

'  On  this  question,  see  Tvndall  on  Floating  Bodies  tn  the  Atmosphere;  Miquel,  Annuaire 
de  Montsourist  1882 ;  and  Fodor,  Die  Lvft,  op.  cit. 

*  For  these  two  processes  the  determination  of  the  organic  nitrogen  and  carbon  by  Frank- 
land's  method  may  be  substituted,  if  practicable. 
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6.  Amount  of  nitrous  and  nitric  acid. 

7.  The  amount  of  watery  vapour. 

8.  The  presence  of  HgS,  or  other  offensive  gases  and  vapours. 

9.  The  presence  or  absence  of  ozone. 

Micro8eopi<:al  Examination. 

1.  Suspended  Matters} — It  is  probable  that  the  microscopical  examina- 
tion of  air  will  give  us  in  future  more  important  information  even  than  the 
chemical  examination.  It  is,  of  course,  merely  a  qualitative  test,  as  there 
are  no  satisfactory  means  of  properly  estimating  the  amount  collected. 

The  suspended  matters  may  bo  collected  very  simply  by  Poucliet's 
aeroscope.  A  small  funnel  is  drawn  into  a  small  point,  below  which  is  a 
slip  of  glass  moistened  with  glycerine.  The  end  of  the  funnel  and  the  slip 
of  glass  are  inclosed  in  an  air-tight  chamber,  from  which  a  small  glass  tube 
passes  out  and  is  connected  by  india-rubber  tubing  with  an  aspirator.  As 
the  water  runs  out  through  the  aspirator,  air  passes  down  the  funnel  and 
impinges  on  the  glycerine,  which  arrests  any  solid  particles. 

As  it  is,  however,  desirable  to  avoid  glycerine,  which  may  (in  spite  of 
previous  careful  examination)  contain  foreign  particles,  a  still  better  plan  is 
to  take  a  small  bent  tube,  wash  it  thoroughly,  dry  it,  and  heat  it  to  red- 
ness ;  when  cool,  it  should  be  placed  in  a  freezing  mixture,  an  india-rubber 
tube  fixed  on  one  end,  and  air  slowly  drawn  through ;  the  water  of  the 
air  condenses  in  the  tube,  and  many  of  the  solid  particles  fall  with  it  A 
drop  is  then  taken  with  a  perfectly  clean  glass  rod,  previously  heated  to  red- 
ness, placed  on  a  clean  glass,  and  looked  at  with  an  immersion  lens,  as  soon 
after  collection  as  possible. 

Or  air  may  be  draw^n  through  pure  distilled  water,  a  drop  of  which  is 
then  examined. 

The  late  Dr  Watson,  in  his  examination  of  the  air  at  Netley,-  used  fine 
glass  threads  soaked  in  pure  glycerine,  or  dry,  and  crushed  glass ;  after  the 
air  was  drawn  through,  he  washed  the  glass  threads  with  pure  water,  and 
then  examined  the  water.  These  ghiss  threads  form  good  traps  for  the 
larger  particles.^  For  thorough  investigation,  however,  it  is  necossarv  to 
carry  out  cultivation  experiments,  by  carrying  the  air  through  a  sterilised 
solution,  and  watching  carefully  the  development  of  the  different  organisms. 
Fodor  recommends  a  solution  of  isinglass,  IJ  to  2  parts  in  300  to  400  of 
pure  distilled  water,  thoroughly  boiled,  and  decanted  or  filtered. 

^liquel  has  employed  a  variety  of  media,  some  proving  more  convenient 
than  others  for  different  purj)oses. 

An  aspirator,  to  draw  air  through  the  tubes,  is  very  easily  made  ;  a  square 
tin  vessel,  with  a  tap  below,  and  a  small  opening  above  to  receive  the  india- 
rubber  tube,  is  all  that  is  necessary  ;  fill  this  with  water,  and  let  it  run 
down,  and  measure  the  total  quantity  (in  a  pint  vessel)  discharged  without 
tilting  the  vessel.  An  imperial  pint  contains  34*659  cubic  inches,  and  one 
fluid  ounce  r733  cubic  inches.  A  cubic  foot  is  very  nearly  1000  fluid 
ounces,  and  the  ounce  may  be  taken  as  1*728  cubic  inches.**  The  exact 
delivery  of  the  aspirator  is,  therefore,  easily  determined ;  the  air  should  be 
dmwn  slowly  through  the  bent  tube  in  the  freezing  mixture  or  through  the 

^  See  })age  138  for  an  account  of  the  suspended  matters  in  air. 

-  Army  Medical  Department  Reports,  vol.  xi.  p.  529. 

5  I  have  found  carrying  the  air  through  a  succession  of  bottles  containing  pure  dlstilleil 
water  the  best  plan,  for  the  se<limeut  is  examined  by  the  microscope,  and  the  liquid  part  can 
l>e  use<l  for  chemical  examinations  for  organic  matter.— (F.  de  C.) 

•*  These  numbers  are  exact  at  39°  Fahr.,  or  the  maximum  density  point  of  water. 
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aeroscope,  so  that  no  particles  can  escape.  The  use  of  a  large  glass  or 
earthenware  vessel  is  perhaps  better,  as  being  less  liable  to  error ;  a  piece  of 
india-rubber  with  a  clamp  or  pinch  cock,  and  a  double  tubed  india-rubber 
cap,  are  all  that  are  required. 

Chemical  Examination, 

2.  Estimation  of  Carbon  Dioxide, — For  our  purpose  the  method  proposed  by 
Pettenkofer  is  the  best.  A  glass  vessel  is  taken  capable  of  holding  a  gallon, 
or  4J  litres.  The  capacity  is  determined  by  filling  it  with  water,  and  by 
measuring  the  contents  by  means  of  a  litre  or  pint  measure  (1  oz.  =  28*4 
cubic  centimetres).  Angus  Smith  recommends  extracting  the  air  from  the 
bottle  by  means  of  bellows.  But  the  most  convenient  way  is  simply  to  fill 
the  vessel  with  water  in  the  place,  the  air  of  which  is  to  be  examined,  and 
then  to  let  it  drain  for  a  little.  When  this  is  done  60  c.c.  of  clear  lime  or 
baryta  water  are  put  in,  and  the  mouth  is  closed  with  an  india-rubber  cap.^ 
The  vessel  is  agitated  so  that  the  lime-water  may  run  over  the  sides,  and 
then  it  is  left  to  stand  for  not  less  than  six  or  eight  hours  if  lime-water  be 
used ;  if  baryta-water  be  used,  the  experiment  may  be  completed  in  a  much 
shorter  time — less  than  one  hour.  The  COg  is  absorbed  by  the  lime  or  baryta- 
water,  and  consequently  the  causticity  of  these  fluids  is,  pro  tantOy  lessened. 
If  the  causticity  of  the  lime  or  baryta  is  known  before  and  after  it  has  been 
placed  in  the  vessel,  the  difference  will  give  the  amount  of  lime  or  baryta 
which  has  become  united  with  CO^. 

The  causticity  of  lime  is  determined  by  means  of  a  solution  of  crystallised 
oxalic  acid,-  1  c.c.  of  which  exactly  neutralises  1  milligramme  of  lime ;  30  c.c. 
of  lime-water  are  taken,  and  exactly  neutralised ;  good  turmeric  paper  is  the 
best  plan  that  is  usually  available  for  determining  the  exact  point  of  neutral- 
isation, and  the  margin  of  the  drop  gives  the  most  delicate  indication. 
Rosolic  acid  has,  however,  been  recommended,  and  also  the  solution  of 
phenol-phthalein ;  the  latter  gives  very  exact  indications.  The  amount  of 
lime  in  the  30  c.c.  is  then  equal  to  the  number  of  c.c.  of  the  oxalic  acid 
used  ;  it  is  always  somewhere  between  34  and  41  milligrammes.^ 

After  the  lime  has  absorbed  the  COo  of  the  air  in  the  vessel,  30  c.c.  of  the 
solution  are  taken  out  and  tested  with  the  oxalic  acid  solution  as  before ; 
the  difference  shows  the  mgms.  of  lime  precipitated  by  the  CO2.  Multiply 
this  difference  by  0*795,  the  result  is  c.c.  of  COo  in  the  quantity  of  air 
examined.  Deduct  60  c.c.  from  the  total  capacity  of  the  jar  (to  account  for 
the  space  occupied  by  the  lime-water  put  in),  and  state  the  capacity  in  litres 
and  decimals :  divide  the  c.c.  of  COo  obtained  by  the  corrected  capacity  of 
the  jar ;  the  quotient  is  the  c.c.  of  COg  per  1000  volumes  of  air. 

Example— The  first  alkalinity  of  lime-water  was,       ,        39  for  30  c.c. 
After  exposure  to  the  air  in  the  jar  it  was         33        ,, 

Difference  being  mgms.  of  lime,       .        •  6 

Multiply  by  factor,         .        ^  0*795 


4*770— cc.  CO3  in  jar. 


1  Should  an  india-rubber  cap  not  be  available,  a  cork  or  a  bung  may  \m  used,  tied  over  with 
leather  or  oil-skin  ;  in  that  case  the  second  alkalinity  of  the  lime-water  (if  this  be  used) 
should  be  determined  as  soon  after  the  six  or  eight  hours  as  possible,  certainly  within  twenty- 
four  hours. 

'-'  See  Appendix  A. 

3  llie  amount  varies  with  the  tenjperature,  lime  l»eing  less  soluble  in  hot  than  cold  water'; 
at  60**  7  the  amount  is  38*6  with  a  difference  of +0*1  lor  every  degree  below  that,  and  -  0  1  for 
every  degree  above  (Fahr. ). 
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Capacity  of  jar, 4386  c.c. 

Deduct  60  c.c.  for  space  taken  up  by  lime-water,  60 

Net  capacity,       .         ; =4825  c.c. —  4-325  litres. 

Then  4 770 -r  4 '325  =  1-103  c.c.  of  COo  i^er  litre,  or  vols.  i)cr  1000. 

The  factor  0-795  is  obtained  as  follows : — the  difference  between  the  two 
alkalinities  expresses  the  mlUigrammes  of  lime  precipitated  by  CO2  ;  from  this 
the  milligrammes  of  COg  can  be  got,  by  calculating  from  the  ratios  of  the 
equivalents,  thus : — 

CaO  CO2  Mgras.  CaO   Mgms.  CO2 

66         :        44         ::        a  x        ,:        x-^ax^. 

As  one  c.c.  of  COg  at  32''  Fahr.  (0**  Cent.)  weighs  1-9767  ingms.,  the  ratio 
between  weight  and  volume  is  y¥TFT~  ^'^^^  >  •  '•  ^  ^  0*506  =  cc  COg  corre- 
sponding to  the  milligrammes  by  weight.  As  60  cc.  of  lime-water  were  put 
into  the  jar,  and  only  30  c.c.  taken  out,  the  result  must  be  multiplied  by  2. 
Thus,  the  factors  combined  are  |^  x  0-506  x  2  =  0-795,  which,  multiplied 
by  a,  the  difference  between  the  alkalinities,  gives  the  c.c.  of  CO.2  in  the  jar. 

If  baryta  be  used  instead  of  lime,  it  must  be  free  from  traces  of  potash 
and  soda ;  a  much  smaller  quantity  of  liquid  may  be  employed,  as  it  is  so 
much  more  soluble  than  lime ;  the  calculation  is  the  same. 

A  correction  for  the  temperature  of  the  air  examined  must  be  made, 
the  standard  being  32**  Fahr.,  or  0**  C,  the  freezing-point  of  water.  If  the 
temperature  be  above  this  (as  it  will  generally  be,  at  least  in  buildings)  the 
air  will  be  expanded,  and  a  smaller  quantity,  by  weight,  consequently  will 
be  operated  on.  On  the  other  hand,  below  32**  the  air  will  be  contracted, 
and  a  larger  quantity,  by  weight,  operated  on  than  at  the  standard  tempera- 
ture. This  can  be  corrected  by  adding  0*2  per  cent,  to  the  result  for  every 
degree  above  32'*,  and  subtracting  it  for  every  degree  below ;  the  reason 
being  that  air  expands  or  contracts  0-2  per  cent,  for  every  degree  (or  1  j>er 
cent,  for  every  5  degrees)  it  deviates  from  the  standard.  If  stilted  in  centi- 
grade degrees,  then  the  correction  is  Tl  per  cent,  for  every  3"*,  or  0*3665 
per  cent,  for  every  degree. 

Example. — In  the  preceding  example  the  CC^  was  found  to  be  0-925  \^t 
1000.  Suppose  the  temperature  to  have  been  60**  Fahr.,  then  60  -  32  =  28* 
to  be  corrected  for;  28x0-2  =  5*6  per  cent,  to  be  added  on  to  the  result: 
that  is,  100  volumes  at  standard  temperature  (32°  F.)  would  become  105*6 
at  60"  F. ;  therefore — 

100  :10f)-6  ::  0-925  :  u-, 

./j  =  0*i)25  X  i^^Vg"  =0-925  x  1-056-0*977  vols.  CO.,  per  1000, 

the  corrected  result.  8u])pose  the  temperature  had  been  25°  Fahr.,  then 
32  -  25  =  7°  to  be  corrected  .for ;  7  x  0*2  =  1*4  per  cent,  to  be  deduct<?d  :  that 
is,  100  volumes  at  32"  F.  would  become  100  -  1*-1  =  98*6  vols,  at  25°  Y.\ 
therefore — 

100  :  98-6  :  :0*9i?5  :  .)•,  and 

./•  =  0*925  x'Po"'- 0*925x0 -986  =  0*9 12, 

the  corrected  result. 

A  correction  for  pressure  is  not  necessary,  as  >^j^  inch  of  pressure  causes 
a  difference  of  only  0*26  per  cent.,  unless  the  place  of  observation  be  much 
removed  from  sea-level ;  in  tliat  case  the  barometer  must  ha  observed,  and 
a  rule  of  three  stated. 

\    ^1  .....   1  1  ^:  .1  *.  ^f  1    ,        i  Standard  height  of  bar.  1 
As  observed  liei«'lit  ot  bar.    :  \    ,     on.n.^  •         -/-a  \   h  :  :  «  :  .*■ 

°  \  (,  =  29-92  ui.  =  /60  mm.)  J 
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where  a  —  CO.y  corrected  for  temperature,  and  ar^COo  corrected  for  tem- 
perature and  pressure. 

Rfamplc  1.  IJarometer  at  27 '25  : — 

27-25  :  29-92  :  :  0  925  :  a- -0-842. 
E.rampk  2.  Barometer  at  31  "5  : — 

31-5  :  29-92::  0-925  :j:  =  0-974. 

It  must  be  understood  that  none  of  the  methods  hitherto  used  for  the 
determination  of  COg  in  the  air  give  (j[uite  accurate  results,  but  the  above 
is  the  most  convenient  for  ordinary  use,  and  is  sufficiently  accurate  for 
practical  purposes.  The  results  differ  considerably  if  the  quantities  of  air 
treated  vary,  therefore  imiformity  in  this  point  is  desirable. 

Dr  W.  Hesse  (of  Schwarzenberg)  has  devised  an  ingenious  portable 
apparatus  for  determination  of  COg  but  the  quantities  of  air  treated  seem 
rather  too  small.  The  box  or  satchell  includes  the  various  apparatus 
necessary  for  measuring  cubic  space,  determining  air  currents,  ascertaining 
the  CO2,  and  observing  the  humidity  (by  Wolpert's  hygrometer). 

An  ingenious  apparatus  has  been  designed  by  O.  Schulz,  in  which  a 
measured  quantity  of  a  standard  carbonate  of  soda  solution  is  placed  in  a 
long  test-tube,  and  air  drawn  through  it  by  means  of  an  aspirator ;  the  soda 
solution  is  coloured  with  phenol-phthalein,  and,  M'hen  the  colour  is  dis- 
charged, it  indicates  that  neutralisation  has  been  effected  by  the  CO2  in  the 
quantity  of  air  drawn  through.  The  amount  of  COo  can  then  be  calculated 
according  to  the  strength  of  the  soda  solution. 

3.  and  4.  Estimation  of  Free  Ammonia  and  of  the  Nitrogenous  Matter 
in  Air  by  conversion  into  Albuminoid  Ammonia. — The  nitrogenous  matter 
existing  in  air  may  be  in  the  form  of  dead  or  living  matter  of  very  various 
kinds.  Its  determination  may  be  useful  as  showing  that  one  or  other  of 
these  classes  of  substances  exists  in  the  air  in  proportions  greater  than  in 
l>ure  air.  The  amount  of  nitrogen  may  be  estimated  in  a  similar  manner  to 
that  proposed  by  Wanklyn  and  Chapman  for  water.  The  late  Mr  Chapman,^ 
finding  that  water  did  not  sufficiently  absorb  the  nitrogenous  substances  in 
air,  projwsed  to  heat  finely  powdered  pumice-stone  to  redness,  to  moisten  it 
with  pure  water,  and  then  to  place  it  over  some  coarse  pieces  of  pumice- 
stone  supported  on  wire  in  a  funnel;  a  definite  quantity  of  air  (say  100 
litres)  is  then  drawn  through  the  funnel ;  the  })umice-stone  is  transferred 
to  a  retort  conUuning  water  freed  from  ammonia,  and  distilled  as  in  the 
determination  of  the  albuminoid  ammonia  of  water.  Dr  Angus  Smith  ^ 
took  a  bottle  of  about  2000  c.c.  capacity,  i)laced  in  it  30-50  c.c.  of  the  purest 
water,  drew  into  it  the  air  to  Ije  examine<l,  and  then  agitated  the  water  in 
the  bottle,  and  proceeded  as  in  Wanklyn's  and  Chapman's  water  test.  The 
most  convenient  way  is  to  draw  the  air,  by  means  of  a  measured  aspirator, 
through  a  succession  of  wash  bottles,  each  containing  100  c.c.  of  water,  per- 
fectly free  from  ammonia,  and  then  to  determine  the  free  and  albuminoid 
XII3  by  Wanklyn^s  method. 

Another  plan  is  to  lead  a  definite  quantity  of  air  through  a  clean  curved 
tube,  surrounded  by  a  freezing  mixture  ;  the  water  of  the  air  condenses,  and 
with  it  much  of  the  organic  matter  ;  the  tube  is  then  washed  out  with  pure 
water,  the  washings  are  put  into  a  retort  with  anmionia-free  water,  and 
distilled  as  usual.  After  passing  through  the  tube  the  air  should  be  led 
through  pure  water  to  arrest  the  portion  of  organic  matter  that  always 
escapes  condensation. 

The  amount  of  ammonia  (free  and  albuminoid)  is  determined  tis  in  water 

1  Chemical  yews,  Feb.  11,  1870.  -  Air  and  Raiv.^  v-  ^'^'^^ 
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analysis.  The  mere  presence  of  free  ammonia  may  be  deteniiined  by  expos- 
ing strips  of  filtering  paper,  dipped  in  Nessler's  solution  or  in  ethereal  solu- 
tion of  the  alcoholic  extract  of  logwood :  the  former  becomes  yellow,  the 
latter  purple. 

The  quantity  of  air  drawn  through  must,  of  course,  be  accurately  deter- 
mined by  a  properly  arranged  aspirator,  and  the  results  then  calculated  in 
milligrammes  per  cubic  metre. ^ 

5.  Estimation  of  tJve  Oxidisable  McUUra  in  the  Air  in  terius  of  Oxyffen. — 
In  this  case  a  definite  quantity  of  air  is  drawn  through  a  solution  of  per- 
manganate of  potassium  of  known  strength,  and  the  amount  of  untlecom- 
posed  permanganate  is  determined  by  oxalic  acid  or  sodium  hyposulphite. 
Or  part  of  the  water  through  which  the  air  has  been  drawn  for  the  ammonia 
determinations  may  be  examined  in  the  same  way  as  in  the  case  of  drinking 
water.  Carnelley  and  Mackie  shake  the  air  up  in  a  bottle  with  a  measured 
quantity  of  permanganate,  and  afterwards  determine  the  amount  of  bleaching 
by  comparison  with  a  sample  of  distilled  water,  to  which  permanganate  solu- 
tion is  carefully  added  from  a  burette.*-^  The  permanganate  acts  upon  various 
matters  in  the  air,  besides  the  putrescible  organic  matters,  such  as  hydrc»gen 
sulphide,  nitrous  acid,  tarry  matters,  «kc.  The  presence  or  absence  of  HJS 
may  be  determined  qualitatively  by  means  of  acetate  of  lead  paper^, 
ammonium  sulphide  by  paper  dipped  in  nitroprusside  of  sodium  ;  whilst 
tdrry  matters  would  generally  be  recognised  by  the  smell  of  the  water,  or 
its  turbidity.  In  the  absence  of  these  the  difference  between  the  perman- 
ganate determinations,  before  and  after  boiling  with  sulphuric  acid,  may  l>e 
calculated  as  nitrous  acid,  as  in  the  case  of  drinking  water ;  whilst  the  result 
after  boiling  may  be  reckoned  as  the  oxygen  for  oxidisable  organic  matter 
only. 

6.  The  Nitrous  and  Nitric  Acids  may  also  be  determined,  in  the  same  way 
as  in  drinking  water,  from  the  washings  of  the  air  obtained  as  above. 

All  these  determinations  should  be  made,  when  opportunities  offer,  as  the 
results  may  prove  hereafter  of  some  value. 

7.  Watery  Vapour. — The  hygrometric  condition  of  the  air  is  aseert4une»l 
in  various  ways,  especially  by  the  dry  and  wet  bulb  thermometer,  or  by 
Dines'  direct  hygrometer.  The  hair  hygrometer  of  Saussure  is  also  a  useful 
instrument  for  this  purpose,  as  it  marks  the  degree  of  humidity  very  quickly. 
Wolpert's  horse-liair  hygrometer  may  also  be  used. 

8.  The  presence  of  Ho^S,  i^c,  has  been  referred  to  above. 

3.  Bacterioloijirxd  Examination  of  Air, 

The  cultivation  of  bacteria  in  solid  nutrient  media,  after  the  metlKxl  of 
Koch,  has  been  employed  with  various  modifications  in  air  analysis.  Accord- 
ing to  the  procedure  of  Heyse,  a  glass  tube  of  0*7  metre  (28  inches)  in  length, 
and  0*035  metre  (nearly  H  inches)  in  diameter  is  carefully  sterilised  ;  into  this 
some  nutrient  gelatine  is  introduced  in  a  liquefied  state  and  spread  out  over  the 
whole  of  the  inner  surface  of  the  tube,  by  turning  it  about  on  its  own  axis. 
One  end  of  the  tu])e  is  closed  by  an  india-rubber  cork,  with  a  small  glass 
tube  passing  through  its  centre,  plugged  with  cotton  wool :  the  other  end  of 
the  tube  is  covered  by  two  india-rubber  caps,  the  inner  having  a  hole  in  the 
centre,  the  outer  not  being  perforated  :  all  these  portions  of  the  apparatus 
have  been  previously  sterilised.  The  licjuefied  gelatine  quickly  solidificN 
and  forms  a  thin  layer  over  the  inside  of  the  tube.     The  apparatus  is  set 

1  One  cubic  metre  eijiials  1000  litres,  or  1,000,C00  c.c. 
*•'  rroc.  Roy.  iSoc.^  vol.  xli.  \\  238. 
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working  by  removing  the  outer  india-nibbor  cap,  and  aspirating  a  known 
quantity  of  air  through  the  tube  at  a  slow  rate  (1  litre  in  3  minutes).  The 
germs  present  in  the  air  sink  down  on  to  and  subsequently  develop  in  the 
nutrient  gelatine. 

Dr  Percy  Frankland^  aspirates  the  air  through  a  small  glass  tube,  in  which 
are  two  plugs  of  sterilised  glass  wool :  these  plugs  retain  tlie  germs,  and  are 
introduced  into  a  flask  containing  melted  nutrient  gelatine,  and  well  shaken 
up.  The  gelatine  solidifies  on  the  sides  of  the  flask,  and  the  colonies  can  be 
examined  through  the  glass.  The  glass  wool  mixes  so  intimately  with  the 
gelatine  that  it  does  not  interfere  with  the  easy  perception  of  the  colonies 
when  they  develop.  Powdered  sugar  may  be  used  instead  of  glass  wool. 
The  gelatine  may  also  be  poured  on  to  glass  plates  in  the  ordinary  way, 
instead  of  being  allowed  to  solidify  within  the  flask. 

Dr  Greenleaf  Tucker,  of  Boston,  U.S.A.,  prefers  granulated  sugar,  one 
gramme  in  weight,  forming  a  column  of  4  inches  in  length  in  a  very  narrow 
tube.2 

Dr  Petri  employs  calcined  sand  as  a  filter,  in  grains  of  0*25  to  0*5  millimetre 
in  size ;  there  are  two  such  filters,  each  3  centimetres  in  length,  kept  in 
position  by  small  wire  caps.  After  the  air  has  been  drawn  through,  the  sand 
is  poured  on  a  glass  plate,  over  which  liquefied  gelatine  is  then  run ;  develop- 
ment will  take  place  as  in  ordinary  plate  cultivations. 

It  is  impossible  to  say  at  present  which  of  these  methods  is  the  best ;  pro- 
bably the  use  of  a  filter  and  the  subsequent  preparation  of  a  plate  cultivation 
is  preferable  to  allowing  the  growth  of  the  colonies  to  take  place  in  a  tube 
or  flask. 

SECTION  II. 

SCHEME  FOR  THE  APPLICATION  OF  THE  FOREGOING  RULES. 

When  a  ventilation  inquiry  is  about  to  be  made,  everything '  ought  to  be 
got  ready  beforehand.  A  number  of  bottles  (about  4  to  4i  litres),  or  glass 
jars,  ought  to  be  carefully  measured,  and  the  capacity  in  c.c.  (less  60  c.c. 
to  account  for  the  lime-water)  marked  upon  them ;  each  bottle  ought  also 
to  have  a  closely  fitting  india-rubber  cap  and  a  distinctive  number.  These 
bottles  are  to  be  used  for  collecting  the  samples  of  air  for  CO.,.  Charges  of 
lime-water  (or  baryta- water)  (each  60  c.c.)  ought  to  l)e  carefully  measured 
off*  with  a  burette,  or  graduated  pipette,  into  small  stoppered  lx)ttles.  Two 
or  more  sets  of  wet  and  dry  bulb  thermometers  ought  to  be  ready,  and  two 
or  more  series  of  not  less  than  six  bottles,  each  containing  about  100  c.c.  of 
pure  distilled  water,  connected  together  with  glass  tubes  and  india-rubber 
caps ;  also  four  or  more  aspirators  for  drawing  the  air  through  the  bottles. 
One  of  Casella's  small  air  meters,  with  a  long  pole  in  joints,  into  which  it 
can  be  screwed,  a  measuring  tape  and  foot-rule,  a  pocket  compass,  some 
pieces  of  cotton-velvet,  a  note-book,  are  also  necessary. 

When  a  room  has  to  be  examined,  enter  it  after  being  some  time  in  the 
open  air,  and  notice  if  there  be  any  smell ;  record  the  sensation  at  once  in 
your  notes.  Hang  up  the  wet  and  dry  bulb  thermometer  (if  it  has  not 
been  placed  there  before),  and  then  proceed  to  take  samples  of  the  air  for 
CO., ;  fill  the  jars  with  water,  empty  them,  and  allow  them  to  drain  ;  then 
pour  into  each  jar  the  lime-water  from  one  of  the  small  lx)ttles,  put  on  the 
india-rubber  cap,  and  shake  it  up.     Always  Uike  two  samples  at  least,  and 

1  PhiloHOphieal  Transact itms,  vol.  178(1887)  R,  P.  113. 

2  TicentUth  Report  of  State  Boani  of  Jlealtk  of  AfasaocKuatiU  A^^- 


726  EXAMINATION  OF  AIR. 

more  if  a  large  room.  Note  the  mnnbers  of  the  bottles.  Take  the  wet  and 
dry  bulb  readings.  Arrange  the  set  of  bottles  with  distilled  water  in  some 
convenient  place,  and  attach  them  to  one  of  the  aspirators,  which  may  }*e 
allowed  to  flow  into  another  below  it.  When  the  upper  one  is  empty  it 
may  be  changed  for  the  lower  one,  and  so  the  stream  of  air  may  be  carried 
on  for  any  length  of  time,  as  seems  necessary;  the  number  of  times  the 
aspirators  are  changed  should  be  duly  noted.  In  determining  the  carbon 
dioxide,  put  out  all  the  lights,  or  have  only  sufficient  for  working  purpose.^  : 
allow  no  smoking,  and  have  no  person  in  the  room  but  those  who  are  slecin 
ing  there.  The  aspirators  may  be  allowed  to  go  on  continuously,  but  the 
examination  of  the  air  for  COg  ought  to  be  repeated  at  intervals,  the  exact 
time  of  observations  being  noted.  At  the  same  time,  similar  observations 
ought  to  be  made  in  the  open  air,  as  nearly  as  iK)ssible  simultaneously  with 
those  inside.  At  some  convenient  time  the  measurements  of  the  room  and 
the  ventilators,  the  velocities  of  the  currents  of  air,  <fcc.,  should  be  taken  on 
some  such  plan  as  the  following : — Measure  the  cubic  space,  then  consider 
the  possible  sources  of  entrance  and  exit  of  air ;  if  there  are  onl}'  doors  and 
windows,  notice  the  distance  between  them,  how  they  open,  on  what  ex- 
ternal place  they  open ;  whether  there  is  free  passage  of  air  from  side  to 
side  ;  whether  it  is  likely  the  air  will  be  properly  distributed.  On  all  these 
points  an  opinion  is  soon  arrived  at.  If  there  are  other  openings,  measure 
them  all  carefully,  so  as  to  get  their  superficies;  the  chimney  must  l)e 
measured  at  its  throat  or  smallest  part.  Determine  then  the  direction  of 
movement  of  air  through  these  openings  by  smoke,  noting  the  apparent 
rapidity.  The  doors  and  windows  should  be  closed.  When  the  inlets  have 
been  discovered,  consider  whether  the  air  is  drawn  from  a  pure  external 
source,  and  whether  there  is  proper  distribution  in  the  room.  Then  measure 
the  amount  of  movement  in  both  inlets  and  outlets  with  the  anemometer,  or 
calculate  by  the  table  if  it  seems  safe  to  do  so. 

If  the  ventilation  of  the  room  is  influonccd  by  the  wind,  the  horizontal 
movement  of  the  external  air  should  be  determined  by  Hnbinson's  anemo- 
meter, or  the  little  air-meter  b}'  Casella  may  be  also  used  for  this  puri)os»', 
unless  the  wind  be  very  strong. 

In  recording  the  velocity  of  the  air  at  any  openings,  it  is  convenient  to 
mark  an  incoming  current  with  a  j)lvs  sign,  and  an  outgoing  with  a  7ni?ius. 
thus  :  +  75  would  mean  an  incoming  current  at  the  rate  of  TT)  feet  jht 
minute  ;  Avhilst  -  63  would  moan  an  outgoing  current  at  63  feet  i>er  minute. 

When  the  final  analyses  are  made,  and  the  amount  of  C(\,  determined, 
the  amount  of  air  ])er  head  per  hour,  supplied  and  utilised,  ought  to  be 
calculated  out  (as  before  ex])lained),  and  compared  with  the  amount  (^f 
movement  determined  with  the  air-meter.  If  the  (juantities  accord  fairly, 
the  distribution  may  be  considered  good  ;  on  the  other  hand,  if  they  diti'er, 
an  excess  by  the  air-meter  shows  bad  distribution,  whilst  a  deficiency  indi- 
cates some  other  source  of  incoming  air  not  yet  observed. 

The  Avater,  through  which  the  air  has  been  i)asse(l  by  the  aspirator, 
ought  to  be  examined  at  once,  if  i)racticable  ;  if  not,  the  bottles  ought  to 
be  carefully  stoppered,  and  the  stoi)j)ers  tied  down  with  leather  or  strong 
linen, — when  convenient,  the  sediment  should  be  examined  microscopically, 
and  the  water  (when  the  sediment  has  subsided)  chemically  as  before  ex- 
plained. The  sediment  or  a  portion  of  the  water  should  be  ])ut  into  a 
cultivating  solution  for  further  investigation,  if  opportunity  affords. 


CHAPTER  HI. 

EXAMINATION  OF  FOOD  AND  BEVERAGES. 

SECTION  I. 
EXAMINATION  OF  FLOUK. 

Flour  ^  sliould  be  examined  physically,  microscopically,  chemically,  and 
practiciilly  by  making  bread. 

The  quality  is  best  determined  by  chemical  examination;  adulterations 
by  the  microscope,  for  which  see  Book  I.,  under  Flour. 

1.  Physical  Examination, 

Sifjht — The  flour  should  be  quite  white,  or  with  the  very  slightest  tinge  of 
yellow ;  any  decided  yellow  indicates  commencing  changes ;  the  amount  of 
bran  should  not  be  great. 

ToucJi. — There  should  bo  no  lumps,  or,  if  there  are,  they  should  at  once 
break  down  on  slight  pressure ;  there  must  be  no  grittinoSvS,  which  shows 
that  the  starch  grains  are  changing,  and  adhering  too  strongly  to  each 
other,  and  will  give  an  acid  bread.  There  should,  however,  be  a  certain 
amount  of  cohesion  when  a  handful  of  flour  is  compressed,  and  if  thrown 
against  a  wall  or  board  some  of  the  flour  should  adhere.  When  made  into 
a  paste  with  water,  the  dough  must  be  coherent,  and  draw  out  easily  into 
strings. 

Tastf, — The  taste  must  not  be  acid,  though  the  best  flour  is  slightly  acid 
to  te^t-paper.  An  acid  taste,  showing  lactic  or  acetic  acid,  is  sure  to  give  an 
acid  bread. 

SnielL — There  must  be  no  smell  of  fermentation  or  mouldiness. 

Age  of  flour  is  shown  by  colour,  grittiness,  and  acidity. 


1  Tlie  following  is  given  by  Peligot  (mean  of  14  analyses),  as  the  relative  composition  of 
flour  anil  bran.  The  analyses  of  Von  Bibra  (Die  Getreidearten  und  das  Brod^  I860)  agree 
very  closely  with  it. 

Wheat  Flour  and  Bran. 

In  100  parts. 
Flour.  Bran. 

Water, 14  10-3 

Fatty  matters, 1-2  282 

Nitrogenous  substances  insoluble  in  water  (glutin),    12*8  10*84 

Nitrogenous  substances  soluble  in  water  (albumin),      1  '8  1  '64 

Non-nitrogenous  soluble  substances  (dextrin,  sugar),    7*2  5*8 

Starch, 597  22-62 

Cellulose, 17  43-981 

Salts, 1-6  2-52 

1  Tills  Is,  linwcver,  the  cellulose  ut  the  entire  frrnln,  both  of  the  husk  and  the  Interior  of  the  ffroln.  Pot- 
ash, phottphoric  ttcid,  and  magnesia  arc  the  principal  Infi^rctlients  of  tho  saltx ;  the  earthy  pliosphatcs  aro 
especially  conjblnctl,  and  in  definite  proportions,  with  tno  protclds  (Mnyer),  ««d  al.Hc>  tho  giunmy  matter 
(Bibra).  Tlic'  alkaline  phosphates  are  free.  TI»o  bran  contains  much  silica.  Oudcmans  places  tho  cellu- 
lose lower  {'2o  to  ;{0  i)er  cent.)  and  the  salts  higher  (4  to  G  per  cent.). 
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2.  CJiemical  Examination. 

It  is  seldom  that  a  medical  officer  will  be  able  to  go  through  a  complete 
examination,  but  he  should  always  determine  the  following  points  : — 

1.  Amotmt  of  Water. — Weigh  1  gramme,  spreM  it  out  on  a  dish,  and  dry 
either  by  a  water  bath  or  in  a  hotrair  bath  or  oven,  the  temperature  not 
being  allowed  to  go  above  212*.  The  flour  must  not  be  at  all  burnt  or 
much  darkened  in  colour.  Weigh  directly  the  flour  is  cold  ;  the  loss  is  the 
percentage  of  water. 

The  range  of  water  is  from  10  (in  the  best  dried  flours)  to  18  in  the  worst. 
The  more  water  the  greater  liability  of  change  in  the  flour,  and,  of  course, 
the  less  is  the  amount  of  nutriment  purchased  in  a  given  weight.  If,  then, 
the  water  be  over  18  per  cent.,  the  flour  should  be  rejected ;  if  over  16,  it 
should  be  unfavourably  spoken  of. 

2.  Amoufit  of  GliUin. — Weigh  10  grammes  and  mix  by  means  of  a  glass 
rod,  with  a  little  water,  so  as  to  make  a  well-mixed  dough ;  let  it  stand  for 
a  quarter  of  an  hour  in  an  evaporating  dish  ;  then  pour  a  little  water  on  it ; 
work  it  about  with  the  rod,  and  carefully  wash  off*  the  starch  ;  pour  off,  from 
time  to  time,  the  starch  water  into  another  vessel.  After  a  time,  the  glutin 
becomes  so  coherent  that  it  may  be  taken  in  the  fingers  and  worked  about 
in  water,  the  water  being  from  time  to  time  poured  off*  till  it  comes  off  quite 
clear.  If  there  is  not  time  to  dry  the  glutin,  then  weigh ;  the  dry  glutin  is 
rather  more  than  one-third  the  weight  of  the  moist;  1  to  2*9  is  the  usual 
proportion ;  therefore  divide  the  weight  of  the  moist  glutin  by  2 '9.  If  there 
be  time,  dry  the  glutin  thoroughly,  and  weigh  it.  This  is  best  done  by 
spreading  it  out  on  a  crucible  lid  and  drying  it  in  the  bath.  The  dry  glutin 
ranges  from  8  to  12  per  cent.;  flour  should  be  rejected  in  which  it  falls 
below  8.  If  there  is  much  bran,  it  often  apparently  increases  the  amount 
of  glutin  by  adhering  to  it,  and  should  be  separated  if  possible  ;  in  fact,  the 
glutin,  as  thus  obtained,  is  never  pure,  ])ut  always  contains  some  bran, 
starch,  and  fat.  The  glutin  should  be  able  to  be  drawn  out  into  long 
threads ;  the  more  extensi1)lc  it  is  the  ])ettor.  It  is  always  well  to  mak<* 
two  determinations  of  glutin,  especially  if  there  is  any  disputed  question  of 
quality.^ 

3.  Amount  <>f  Ash. — Take  2  grammes;  put  into  a  porcelain  or  platinum 
crucible,  and  incinerate  to  white  ash.  Weigh.  The  ash  should  not  be  more 
than  2  per  cent.,  or  probal)ly  some  mineral  subst4Uices  have  been  added  ;  it 
should  not  bo  less  than  O'O,  or  the  flour  is  too  poor  in  salts  :  it  generally 
ranges  between  0*7  and  0'9. 

The  incineration  of  the  flour  requires  a  crucible  and  gas.  It  is  difficult  to 
do  it  over  a  s]nrit  lamp,  as  it  takes  a  long  time.  A  small  charcoal  fire  is 
prol)ably  the  ])ost  plan  when  gas  api)liances  are  wanting. 

If  the  ash  be  more  than  2  per  cent.,  add  hydrochloric  acid,  and  see  if  there 
be  effervescence  (magnesium  or  calcium  carbonate).  Dissolve,  and  test  with 
oxalate  of  ammonium,  and  then  for  magnesia,  in  the  same  way  as  in  water. 
As  flour  contiiins  both  lime  and  magnesia,  to  prove  adulteration  the  precise 
amount  of  lime  and  magnesia  must  ])e  determined  l)y  weighing  the  incinerated 
calcium  oxalate,  or  the  magnesium  i)yro})hosphate. 

If  there  is  no  effervescence  add  water,  and  test  for  sulphuric  acid  and  lime, 
to  see  if  calcium  sulphate  (plaster  of  Paris)  has  been  added.  In  normal 
flour  the  amount  of  sulj)huric  acid  is  very  small. 


1  Mr  Waijklyn  hfis  proposed  to  utilise  the  albuminoid  ammonia  process  for  determiuing 
glutin,  reckoning  that  lOO  })ai'ts  of  flour  yield  1'2  of  ammonia. 
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Notice,  also,  if  the  ash  be  red  (from  iron).  If  clay  has  been  added,  it  will 
be  left  undissolved  by  acids  and  water. 

If  magnesium  carbonate  has  been  added,  the  ash  is  light  and  porous  and 
bulky  (Hassall). 

An  easy  mode  of  detecting  large  quantities  of  added  mineral  substances  is 
given  by  Redtenbacher ;  the  flour  is  strongly  shaken  with  chloroform ;  the 
flour  floats,  while  all  foreign  mineral  substances  fall.  This  is  a  very  useful 
test.i 

If  the  water  be  small,  the  glutin  large,  and  the  salts  in  good  quantity!  the 
flour  is  good,  supposing  nothing  is  detected  on  microscopical  examination. 
But  in  all  cases  it  is  well,  if  time  can  be  spared,  to  have  a  loaf  made. 

Practical  Test  by  Baking. — Make  a  loaf,  and  see  if  it  is  acid  when  fresh, 
and  how  soon  it  becomes  so ;  if  the  colour  is  good ;  and  the  rising  satis- 
factory. Old  and  changing  flour  does  not  rise  well,  gives  a  yellowish  colour 
to  the  bread,  and  speedily  becomes  acid.  Excess  of  acidity  can  be  detected 
by  holding  a  piece  of  bread  in  the  mouth  for  some  time,  as  well  as  by  test- 
paper. 

Test  fttr  Ergot. — There  is  no  very  good  test  for  ergot  when  it  is  ground  up 
with  the  flour.  Laneau^s  plan  is  to  make  a  paste  with  a  weak  alkaline  solu- 
tion ;  to  add  dilute  nitric  acid  to  slight  excess,  and  then  alkali  to  neutralisa- 
tion ;  a  violet-red  colour  is  said  to  be  given  if  ergot  is  present,  which  becomes 
rosy-red  when  more  nitric  acid  is  added,  and  violet  when  alkali  is  added. 

Wittstein  considers  this  method  imperfect,  and  prefers  trusting  to  the 
peculiar  odour  of  proj)ylamine  (herring-like  smell)  developed  by  liquor 
potassae  in  ergoted  flour. 

SECTIOX  II. 
EXAMINATION  OF  BREAD. 

There  is,  perhaps,  no  article  on  which  the  medical  officer  is  more  often 
called  to  give  an  opinion. 

Genei'al  Characters. — There  should  be  a  due  proportion,  not  less  than  30 
per  cent.,  of  crust ;  the  external  surface  should  be  well  baked,  not  burnt ; 
the  crumb  should  be  permeated  with  small  regular  cavities ;  no  parts  should 
be  heavy,  and  without  these  little  cells  ;  the  partitions  between  the  cavities 
should  not  be  tough ;  the  colour  should  l>e  white  or  brownish  from  admix- 
ture of  bran ;  the  taste  not  acid,  even  when  held  in  the  mouth.  If  the 
bread  is  acid  the  flour  is  bad,  or  leaven ^  has  been  used  ;  if  the  colour  changes 
soon,  and  funfji  form,  the  bread  is  too  moist ;  if  sodden  and  heavy,  the  flour 
is  bad,  or  the  baking  is  in  fault ;  the  heat  may  have  been  too  great,  or  the 
sponge  badly  set. 

Cliemical  Examination. — This  is  conducted  chiefly  to  ascertain  the  amount 
of  water  and  acidity,  and  the  presence  of  alum  or  sulphate  of  copper. 

1  ITie  remaining  ingredients  can  ^ye.  determined,  if  necessar>',  from  tlie  starch  water,  but  it 
ia  selilom  necessary  to  do  so.  Allow  the  starch  to  subside,  pour  off  the  fluid,  and  wash  the 
starch  by  decantalion,  then  dry  and  weigh  ;  take  all  tlie  water  and  washings,  evai)orate  to  a 
small  bulk,  mid  a  little  nitric  aci»l,  and  boil ;  albumin  is  thrown  down ;  collect,  wash,  and 
weigh.  Eva|>orate  the  whole  of  the  remainder  to  dryness,  and  weigh  (mixed  dextrin  and 
sugar). 

^  Leaven  is  dough,  i'.^.,  flour  ami  water,  to  which  yeast  has  1>een  added  ;  it  is  in  a  fermenting 
condition,  and  therefore  sour ;  it  is  made  by  jnitting  some  <lough  asitle  from  a  Imtch  l)efore 
baking.  It  is  made  into  yeast  by  adding  10  gallons  warm  water  to  2  gallons  leaven  ;  allow  to 
stand  for  an  hour  ;  break  it  tlown  with  the  fist,  au<l  then  allow  to  stand  for  another  hour,  when 
it  is  fit  for  use.  Being  so  quickly  ])repared  it  is  useful  in  the  field  for  making  the  early 
batches,  alter  a  field  bakery  has  been  established  ;  but  bread  ma<le  from  it  will  tv»\.  Va«^ Vss\%, 
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Water. — Take  a  weighed  quantity  (say  10  grammes)  of  crumb,  and  dn* 
in  a  water  bath ;  powder,  and  then  dry  again  in  a  hot-air  bath  or  oven,  and 
weigh ;  the  water  should  not  bo  more  than  45  per  cent. ;  if  more,  the  bread 
is  pro  tanto  less  nutritious,  and  is  liable  to  become  sooner  mouldy. 

Aciditt/. — This  can  be  determined  by  a  standard  alkaline  solution.^ 

In  two  samples  of  fresh  good  bread  examined  at  Netley  the  percentages 
of  acidity  (reckoned  as  glacial  acetic)  were  respectively  0*054  and  0*055 
(3*78  and  3*85  grains  per  &) ;  in  a  sample  rather  underbaked,  but  fairly 
good,  0*072  per  cent.  (5*04  grains  per  ft)) ;  and  in  three  samples,  con- 
demned as  inferior,  0  085,  0*088,  and  0*104  per  cent,  respectively  (5*95, 
6*16,  and  7*28  grains  per  ft)).^  On  another  occasion,  two  samples  of  fairly 
good  bread  yielded  0*102  and  0*12  per  cent.  (7*14  and  8*4  grs.  per  tt>  resjiec- 
tively) ;  and  two  others,  from  bakers  in  the  neighbourhood,  0*084  and04)90 
(5*88  and  6*30  per  lb  respectively).  A  sample  condemned  as  sour  yielded 
0*18  (12*6  per  Bb) :  8  grains  per  lb  (0114  per  cent.)  ought  certainly  to  be 
the  limit.  Two  samples  of  excellent  bread  from  Aldershot  gave  rcsi>ectively 
0*06  and  0078  per  cent,  of  acetic  acid  (reckoned  on  the  crumb)  :  this  is  equal 
to  4*2  and  5*4G  grains  per  tb. 

Alum. — The  determination  of  the  presence  of  alum  is  not  difficult,  but 
the  quantitative  analysis  is  necessary,  since  it  has  been  shown  by  Wankyhi 
that  unalumed  bread  may  contain  an  appreciable  amount.  Many  processes 
have  been  proposed,^  some  of  which  are  merely  modifications  of  each  other. 
The  process  described  in  the  foot-note  seems  the  most  simple.* 

Wanklyn  considers  that  unalumed  bread  may  contain  5  or  6  milligrammes 
of  phosphate  of  aluminum  in  every  100  gi'ammcs  of  bread  (  =  0*005  per 

1  See  Appendix  A. 

2  Report  on  Hygiene,  Armi/  3fecIicaJ  Reports^  vol.  xviii.  p.  22*2. 

3  B^  Kuhlmann,  Letlieby,  Odliug,  Weutworth  Scott,  Crookes,  Hassall,  Hadow,  Horsley, 
Dupre,  Wanklyn. 

•*  \st  part. — Take  at  least  ^  lt>  of  crunih,  ]>iit  it  in  a  mortar,  and  soak  it  well  in  cold  di>- 
tilled  water  ;  filter,  and  get  as  (.dear  a  fluid  as  possiVde  ;  add  a  few  drops  of  hydroLdiloric  add. 
and  then  chloride  of  hariuni.  If  there  is  no  }»recipitate  no  alum  can  have  l)een  ad«le<l,  and  thr 
process  need  not  he  proceeded  with.  If  there  is  a  slight  precipitate,  it  may  l>e  accounteil  for 
t)y  sulphate  of  lime  or  magnesia  in  the  water  used  in  baking,  or  hy  sulphate  of  magnesia  in 
the  salt,  or  by  the  slight  amount  of  sulphuric  acid  naturally  existing  in  the  jirain,  or  adtle^l 
during  the  grin<ling.  Perhaj»s  the  medical  officer  will  know  whether  the  water  or  the  salt 
contains  sul])hates,  an<l  if  so,  the  absence  of  alum  may  be  inferred.  If  there  l»e  a  lar^e 
^  precipitate,  the  [)rescnce  of  alum  is  probable,  but  is  not  certain,  and  the  process  must  W  cou- 
'  tinned. 

"Id  part. — Dupn'-'s  jtrocess.  as  modified  by  Wanklyn,  seems  on  the  whole  the  simjdest  and 
least  liable  to  error,  as  it  gets  rid  of  one  great  source  of  fallacy,  namely,  the  presence  of 
alumina  in  the  licpior  potussie,  which  reagent  is  not  required.  The  proie^ss  is  as  follows  ;  — 
Take  100  grammes  (  =  .'1^  ounces)  of  bread  :  incinerate  for  four  or  five  hours  in  a  platinum 
dish  to  a  grey  asli  :  weigh  (the  asli  should  not  sensiV)ly  e.\cee«l  2  grammes)  ;  moisten  with  3 
c.c.  of  ]>ure  hydrochloric  acid  to  separate  silica  ;  a<ld  20  to  ,'iO  c.c.  of  distilled  water,  boil, 
filter,  wash  the  filter  well  witli  boiling  water  :  add  to  the  filtrate,  wliich  contains  the  phos- 
l>hates  of  calcium,  magnesium,  aluminum,  and  iron,  f)  c.c.  of  li<pior  anunoni:e  (sp.  gr.  S><^), 
which  causes  a  jtrecipitjite  of  tliese  ])hos]»liates  ;  then  add  gradually  20  c.c.  of  strong  acetic 
acid,  whicli  partially  clears  tlie  fluid  by  dissolving  the  phosphates  of  calciiun  antl  magnesium  : 
boil  and  filter.  The  undissolved  part  is  a  mixture  of  phosphate  of  aluminum  and  phosphate 
of  iron  ;  wash,  precipitate  well  with  boiling  water,  dry,  ignite,  and  weigh. 

Tiie  iron  must  now  be  determined  in  this  precij)itate.  This  may  he  done  V)y  the  ]kerman- 
ganate,  but  Wanklyn's  colorimetric  test  is  }>robaldy  better:  it  is  as  follows  :--Dissolve  1 
gramme  of  ))ure  iron  wire  in  nitro-hydrochloric  acid,  precipitate  the  ferric  oxide  with  ammo- 
nia ;  wash  the  precii)itate,  <Ussolve  it  in  a  little  hydrochloric  acid,  and  dilute  to  1  litre  :  1  c.c. 
therefore  ecjuals  1  milligramme  of  metallic  iron  ;  when  nse«l  it  is  diluteil  1  in  100  so  as  to 
make  a  solution  of  whicli  each  c.c.  contains  t,Vjt^''  milligramme  (  =  0*01  of  a  milligramme)  of 
metallic  iron.  To  use  this,  dissolve  the  phospliatcs  of  aliuuiuum  and  iron  (obtained  by  the 
above-described  process)  in  pure  hydrochloric  acid,  and  dilute  to  I'lO  c.c.  Test  the  solution 
to  see  if  it  give  a  dee}»  colour  with  ferrocyani<le  of  potassium  ;  if  the  colour  is  not  too  deep 
take  .'iO  c.c.  of  the  solution,  and  dilute  up  to  100  c.c.  with  distilled  water:  but  if  it  l>e  deep 
take  a  smaller  (luantity,  still  diluting  up  to  100  c.c.  with  distilled  water.  Put  it  into  a  cylin- 
drical glass  and  add  \\  c.c.  of  the  solution  of  ferrocyanide    of   potassium,   and   1    c.c.   of 
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cent).  This  is  equal  to  about  1^  grains  of  crystallised  alum  per  lb  of 
bread.  It  will  be  well  to  deduct  this  amount  from  the  total  amount  of 
phosphate  of  aluminum  found;  the  remainder  will  represent  the  amount 
corresponding  to  alum  added.  Carter  BelP  deducts  10  grains  per  4  lb  loaf, 
or  2  J  grains  per  Bb,  before  reckoning  adulteration. 

Dr  Letheby  also  used  a  decoction  of  logwood  as  a  test ;  a  piece  of  pure 
bread  and  a  piece  of  suspected  bread  are  put  into  a  glass  containing  freshly 
prepared  decoction,  and  left  for  twenty-four  hours  ;  the  pure  bread  is  simply 
stained,  the  alumed  bread  is  dark  purplish,  as  the  alum  acts  like  a  mordant. 
Mr  Hadow  and  ^Ir  Horsley^  have  also  used  this  test  with  advantage,  but 
Mr  Crookes,  after  many  experiments,  came  to  the  conclusion  that  it  was 
valueless.^  Wynter-Blyth  proposes  the  use  of  slips  of  gelatine  soaked  in 
the  aqueous  solution  of  the  suspected  bread.  If  the  bread  is  pure  the  gela- 
tine is  stained  only  a  reddish-brown  by  logwood,  and  can  be  decolorised  by 
glycerine ;  alumed  bread  gives  a  more  or  less  deep  blue  colour,  which  is  per- 
manent in  glycerine. 

Alum  is  not  much  used,  except  with  inferior  bread :  the  object  of  its 
addition  is  to  arrest  the  change  in  the  glutin."*  The  amount  of  alum  in 
bread  is  said  to  be,  on  an  average,  3  ounces  to  a  sack  or  280  ft)  of  flour ;  if 
the  sack  gives  105  4-ft>  loaves,  there  will  be  3  grains  in  a  Bb  of  bread';  but 
if  crystiillised  alum  is  meant  by  this,  there  will  only  be  about  1 J  grains  of 
dry  alum.  Hassall  states  the  quantity  to  be  ^  Bb  (8  ounces)  to  240  tt>  of 
flour,  but  that  the  quantity  differs  for  old  and  new  flour.  A  very  good 
witness,^  in  the  inquiry  into  the  grievances  of  the  journeymen  bakers,  gave 
the  quantity  at  10  ounces  per  sack;  this  would  give  41*6  grains  per  4-Ib 
loaf,  or  10 '4  grains  per  ft).  When  mixed  with  flour  and  baked  the  alum  is 
decomposed :  part  of  the  alumina  combines  most  strongly  with  phosphoric 
acid  ;  and  either  this  or  the  alum  itself  is  presumed  to  be  in  combination 
with  the  glutin  ;  potassium  disulphate  is  probably  formed. 

Cupric  Sulphate. — Cut  a  smooth  slice  of  bread,  and  draw  over  it  a  glass 
rod  dipped  in  potassium  ferrocyanide.  If  copper  be  present,  a  brick-red 
colour  is  given  by  the  formation  of  ferrocyanide  of  copi)er.  The  test  is  very 
delicate.  It  is  believed  to  be  a  very  rare  adulteration  in  England.  It  has 
been  said  that  cobalt  is  used  instead  of  copper,  but  it  is  also  probably  very 
rare ;  it  am  be  detected  by  the  blueness  of  the  ash.*' 

Potatoes. — If  potatoes  in  any  quantity  have  been  added,  the  ash  of  the 
bread,  instead  of  being  neutral,  is  alkaline ;  this  can  only  occur  from  sodium 
carlx>nat<i  having  been  added,  or  from  the  presence  of  some  salts  of  organic 
acids, — citrates,  lactates,  tartrates,  which  form  carbonates  on  incineration. 
But  if  it  be  from  sodium  carbonate,  the  solution  of  bread  will  be  alkaline,  so 

strong  hydrocliloric  acid  :  a  blue  colour  is  given.  Into  another  glas«  as  much  of  the  standanl 
iron  solution  is  dropped  in  a^s  will  produce  a  similar  colour.  The  bulk  being  made  up  to  100 
c.e.  with  distilled  water  ami  lA  c.c.  of  ferrocyaniile  solution  and  1  c.c.  of  strong  hydrochloric 
acid  being  addeil.  This  procedure  of  "  Wanklyuising  "  is  analogous  to  that  of  "  Nessleriaing  " 
for  ammoniti.  The  amount  of  iron  ia  then  read  off  and  calculated  as  phosphate  (1  of  iron  = 
2*696  FePOj).  Deduct  the  weiglit  from  the  total  weight  of  i)hosphate  of  aluminum  and  iron  ; 
the  remainder  is  phosphate  of  aluminum  (  — AlPOJ,  of  which  1  part  e(|uals  0*42  alumina,  or 
2*1  dry  or  3*9  crystallised  potassium  alum  ;  or  1*9  dry  or  37  of  crystallised  ammonium  alum, 
which  last  is  almost  the  only  kind  now  in  the  market.  Calculate  as  crystallisetl  ammonium 
alum,  AINH4  (SO4).,  l*2HjO,  and  express  as  grains  per  pound. 

1  Analust,  No.  40,  1879,  ]>.  126. 

2  Chemkal  News,  May  1872.  »  Che\mcid  Xars,  Sept.  1862. 
**  Report  on  Journeymen  Bakers^  1862,  p.  164  ;  see  also  Odliug's  Papers. 

*  Report  on  Journei/inen  Bfikers^  1862,  p.  163.  Some  of  the  st^itements  are  beyond  even 
this  amount— 1  lb  to  4  lb  iMjr  1000  (4  !b  ?)  loaves  (p.  xxxvi.)  ;  but  this  is  probably  an  exagger- 
ation. 

«  Dr  Campbell  Brown. 


732  EXAMINATION   OF  FOOD  AND  BEVERAGES. 

that  it  can  be  known  if  the  alkalinity  is  produced  during  incineration.     If 
so,  it  is  almost  certain  to  be  from  potato. 

Examination  of  Yeast, — Brewers'  yeast  is  not  likely  to  be  adulterated.  If 
any  solid  mineral  substances  are  mixed  with  German  yeast,  they  are  detect4?d 
either  l)y  washing  or  by  incineration.  Dr  Letheby  found  German  yeast, 
imported  in  1863,  to  be  adulterated  with  30  per  cent,  of  pipeclaj. 


SECTIOX  III. 
EXAMIXATIOX  OF  SUGAR. 

1.  Determine  physical  characters  of  colour,  amount  of  crystallisation,  &c. 

2.  Dissolve  in  cold  water ;  fragments  of  cane,  starch,  sand,  gypsum, 
calcium  phosphate  are  left  behind ;  test  with  iodine  for  starch.  The  he&X 
way  is  to  dissolve  under  the  microscope,  as  all  adulterations  are  then  at  once 
detected. 

3.  Determine  percentage  of  water  by  drying  thoroughly  10  grammes,  and 
again  weighing. 

4.  Excess  of  glucose  (a  little  is  always  present)  is  detected  by  the  large 
immediate  action  on  the  copi^er  solution. 

5.  The  sugar-mite  (Acanis  aacchari)  should  be  looked  for ;  it  is  not  so 
common  as  formerly. 


SECTIOX  IV. 

EXAMIXATIOX  OF  MILK. 

This  is  intended  first  to  dotermine  the  quality.  Put  some  of  tho  milk  in 
a  long  glass,  which  is  graduated  to  100  parts  ;  a  100-centimetre  or  litn* 
measure  will  do,  or  a  glass  may  be  si)ecially  jjrepared  by  simply  marking: 
with  com])asses  100  equal  lines  on  a  ]3iece  of  paper,  and  gmnming  it  on  the 
glass.  Allow  it  to  stand  for  twenty-four  hours  in  a  cu])board  secured  from 
currents  of  air.  By  this  means  the  percentage  of  cream  can  be  seen,  and 
tlie  i)resence  of  dei)osit,  if  any,  observed.  There  should  be  no  dejKisit  till 
the  milk  decomposes ;  if  there  be,  it  is  probably  chalk  or  starch. 

The  cream  should  be  from  y^^thsto  -J^y^yths ;  it  is  generally  about  -f^xr^hs; 
in  the  milk  of  Aldcrney  cows  it  will  reach  V^^ths  or  ^^^ths.  The  time  of 
year  (as  influencing  i)asture),  and  the  breed,  should  be  considered. 

While  this  is  going  on,  determine — 

1.  Tlie  riif/siral  Characters. — Placed  in  a  narrow  glass,  the  milk  should 
be  quite  o])nquo,  of  full  white  colcMir,  without'  deposit,  without  peculiju 
smell  or  taste.     AMien  boiled  it  should  not  change  in  appearance. 

2.  Reaction. — Reaction  should  l)e  slightly  acid  or  neutral,  or  very  feebly 
alkaline  ;  if  strongly  alkaline,  either  the  cow  is  diseased  (?)  or  there  is  much 
colostrum,  or  s<Mlium  carbonate  has  been  added.  Milk,  when  jiLst  dniwn 
from  the  cow,  is  sometimes  both  acid  and  alkaline ;  that  is,  it  turns  blue 
litmus  red,  and  turmeric  brown,  giving  what  is  known  as  the  "amphioteric'' 
reaction.  This  is  probably  due  to  the  presence  of  acid  phosphates  of  the 
alkalies. 

3.  Sperijic  Gravity. — The  specific  gravity  varies  from  1026  to  1035.  A 
very  large  quantity  of  cream  lowers  it,  and  after  the  cream  is  removed,  the 
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specific  gravity  may  rise,  under  ordinary  circumstances,  about  2°.^  The 
average  specific  gravity  of  unskimmed  milk  may  be  taken  as  1030  at  60' 
Fabr.,  and  the  range  is  nearly  4**  above  and  below  the  mean.  It  varies  with 
temperature,  so  that  in  the  tropics  the  medical  officer  will  have  to  allow  for 
this  difference.  The  following  are  the  relative  degrees  of  a  milk  that  shows 
1030  at  60^  Faiir.,  and  1031  at  39"*  Fahr.  (maximum  density-point  of 
water : — 


Temperature  of  Milk,  39°  F.  - 1031 

„  „      60"F.=1030 

„      70°  F.- 1029 


Temperature  of  Milk,    80°  F.  -1027-5 

,,  „         90°  F.- 1025 -8 

„       100°  F.- 1024-0 


The  addition  of  water  may  be  detected  by  the  specific  gravity.  At  GO'* 
Fahr.,  there  is  a  loss  of  3°  for  every  10  per  cent,  of  water  added.  Xo  doubt 
the  method  is  not  perfect,  but  its  case  of  application  strongly  recommends  it. 

Examine  chemically  for  tJte  Amount  of  the  Different  Constituents, 

(a)  Total  solids. — Evaporate  a  known  quantity  to  dryness  in  a  flat  and 
shallow  dish,  and  weigh.  Calculate  the  percentage.  The  heat  must  not 
exceed  212**  Fahr.  (100**  C),  and  should  be  continued  for  at  least  three 
hours.     There  should  be  no  cliarring. 

(b)  Ash, — Incinerate  the  dried  solids,  and  weigh. 

(c)  Determine  the  amount  of  fat.  This  is  best  done  by  means  of  the  fat 
apparatus  of  Gerbcr  or  of  Soxhlets,  in  which  ether  or  petroleum  ether  is 
made  to  pass  repeatedly  through  the  solids  of  milk,  dried  after  being  mixed 
with  plaster  of  Paris,  or  soaked  up  by  bibulous  pai)er  (Adams'  method).^ 
The  solids  dried  alone  are  inconvenient,  as  they  become  horny  in  consist- 
ence, and  are  thus  acted  upon  with  difficulty  by  the  ether.  The  ether 
carries  down  with  it  the  fat.  The  ether  is  then  evaporated  and  the  fat 
weighed.  Should  the  milk  have  become  sour,  Adams  recommends  the 
addition  of  ammonia,  which  restores  the  fluidity  without  otherwise  affecting 
the  constituents.  An  approximate  result  can  be  given  by  the  employment 
of  an  instrument  called  a  lactoscope,  which  measures  the  degree  of  trans- 
parency. The  lactoscope  of  Domi6  has  been  improved  by  Vogel,  as  a 
simi)le  plan  for  ascertaining  the  amount  of  fat  in  milk.^ 

1  Dr  Davies  reconls  a  case  where  the  specific  gravity  was  10-24*6  ;  there  was  17  jwr  eeut.  of 
cream,  and  the  solids  were  16*25.  A  case  of  this  kiud  camiot  mislead  if  the  amount  of  cream 
is  determined.  Davies  recommends  that  the  specific  gravity  of  the  whey  should  l>e  taken  ; 
lie  says  it  is  very  constant  between  1026  anil  1028. 

In  one  example  I  examine<l  the  specific  gravity  was  1020,  and  the  cream  ^  ;  the  sjMJcific 
gravity  of  the  skimmed  milk  was  1028-9.  Another  sample  gave  specific  gravity  1017-6, 
cream  ^  ;  -flijecific  gravity  of  skimmed  milk,  1032 "75.  Another  sample  (which  purported  to 
Ihj  the  same  as  the  liwt)  gave  a  specific  gravity  of  1018*84,  but  the  cream  was  onlyj^^;  in 
this  case  the  greater  part  of  the  cream  bad  been  removed,  and  alwut  50  per  cent,  ol  water 
added.— (F.  deC.) 

2  See  Analyst,  March  1885.  The  following  description  of  Adams'  process  is  given  by  Mr 
A.  H.  Allen  {Cominercial  Organic  Analysis,  2ud  edition,  vol.  ii.  p.  7,  note) : — 

A  strip  of  filter  or  blotting  i)ai>er  is  taken,  22  inches  by  2J  inches,  and  rolled  up  into  a 
cylinder,  together  with  a  piece  of  string  passed  through  a  hole  m  the  paper  to  prevent  the  con- 
centric surfaces  coming  into  contact.  A  cap  of  filter  paiHjr  is  then  j)faced  on  one  end  of  the 
coil,  which  is  then  suspended,  cap  downwards ;  5  c.c.  of  the  milk  is  run  on  to  the  coil,  by 
which  it  is  rapidly  al^iorbed.  The  coil  is  then  <lried  either  in  an  oven  or  in  the  air  at  ordinary 
temperatures,  and  afterwards  exhausted  with  ether  by  Soxhlet's  apparatus. 

Tne  method  is  applicable  to  sour  milk  if  a  known  weight  instend  of  mea.sure  be  taken,  and 
a  few  drops  of  ammonia  a<lded  before  pouring  the  milk  on  the  coil. 

3  Vogel  s  instrument  consists  of  a  little  cup,  fonued  by  two  jmrallel  pieces  of  glass,  tlLstant 
J  a  centimetre  (=0*1968  inches,  say  Aths  of  an  inch)  from  each  other,  'and  closetl  everywhere 
except  at  the  top,  so  as  to  fonn  a  little  vessel ;  a  glass  gratluated  to  100  c.c,  and  a  little 
pil)ette,  which  is  divided  to  4  c.c,  are  also  require<l.  Water  (100  c.c.)  is  placed  in  the 
uieasure,  and  2  or  3  c.c.  of  milk  (which  should  be  at  first  asjitated,  so  as  to  mix  any  separate 
cream)  are  added  to  it.    The  parallel  glass  cup  is  tbeu  filleil  with  this  diluted  milk,  and  a 
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{<])  Casein. — Take  a  weighed  or  measured  quantity;  add  two  or  three 
drops  of  acetic  acid,  and  boil.  Add  a  good  deal  of  water  ;  allow  to  stand 
for  twenty-four  hours  ;  pour  off  the  supernatant  fluid ;  wash  the  precipitate 
well  with  ether  at  80";  dry  and  weigh.  Calculate  the  percentage.  It  is 
difficult  to  free  it  entirely  from  fat.  Wanklyn  recommends  the  albuminoi<l 
ammonia  process,  as  in  the  case  of  nitrogenous  matter  in  water,  1  part  of 
casein  yielding  0*065  of  ammonia.     The  determination  is  not  often  required. 

(e)  Determine  the  amount  of  lactin  by  the  saccharometer,  or  by  the 
standard  copper  solution.^  To  do  this,  take  10  c.c.  of  milk,  add  a  few  dr<nis 
of  acetic  acid,  and  warm — this  coagulates  the  casein  with  the  fat ;  then  make 
up  to  100  c.c.  with  distilled  water,  filter,  and  put  the  filtered  whey  (which 
ought  to  be  as  clear  as  possible)  into  a  burette.  Take  10  c.c.  of  standard 
copper  solution,  put  it  in  a  porcelain  dish,  and  add  20  or  30  c.c.  of  distilled 
water ;  boil ;  as  soon  as  it  is  in  brisk  ebullition  drop  in  the  whey    from 

candle  placed  about  one  metre  frora  the  eye  (=39-37  inches)  is  looked  at  in  a  rather  dArkeiM:«l 
room ;  if  tlie  flame  of  the  caudle  is  seen,  the  milk  is  poured  back  into  the  large  niea^sure ; 
more  milk  is  added  to  it,  and  it  is  poured  again  into  the  parallel  glass,  and  the  light  is  again 
looked  at ;  the  experiment  ends  when  the  contour  of  the  light  is  completely  obscured.  Tlie 
candle  should  be  a  good  one,  but  the  difference  in  the  amount  of  light  is  not  material.  The 
percentage  amount  of  fat  in  the  milk  is  then  calculated  by  the  following  fomiula  (which  has 
been  determined  by  a  comparison  of  the  results  of  the  instrument,  and  of  chemical  analysij:) : 
X  being  the  quantity  of  fat  sought,  and  m  the  number  of  c.c.  of  milk  which  added  to  the 
100  c.c.  of  water  siilfice  to  obscure  the  light. 

23-2 
x=  ,,^  +0-23. 

If,  for  example,  3  c.c.  of  milk,  added  to  100  of  water,  were  suflScieut  to  obscore  the  light, 
the  percentage  of  fat  is — 

23-2 
x=  3  -  +  0  -23 = 7  -96  per  cent. 

From  tliis  formula  the  following  table  has  been  calculated,  which  enables  us  to  rea<.l  off  at 
once  the  percentage  of  fat  : — 

Q  P  rer  cent    i  p  Per  cent. 

Mill-  =  "^  *"""^  *"      1    MilVr  =  '»f  ^'•>'  ''*^ 

**"*"•  the  Milk.     '  •^*"*^-  tl,e  Milk. 

1  to  100  of  water  obscures  the  light  =  23-43  |  14  to  100  of  water  obscures  the  liu'bt  =  1  S'^ 
lo  M  „  lf>-69    I     15  „  ,,^  l-> 

2  „  „  11-83  i  16  „  „  IdS 
'^•5  „  „  i)--"»l  17  „  „  ltV» 

3  „  „  7-96  18  .,  „  l-.vi 
3-5  ,,  ,,  (>-86  1    19  ,,  .,  1-45 

4  ,.  ,,  r)-03  20  ,,  .,  l-.'iy 
•15  „  ,,  i»-38  22  „  ,,  l-J-S 
.'»  ,,  .,  4-87  24  .,  ..  ]]i^ 
•'>i>  ,,  ,,  4-45  26  ,,  ,.  1  IJ 
^  ,,  ,,  4-09  '  28  .,  ,,  l-r*6 
'>o  „  „  3-80  i    30  ,,  ,,  liX) 

7  ,,  ,,  3-54  3:)  ,,  .,  0S9 
7-0  ,,  ,,  3-32  I  40  „  ,.  0-81 

8  „  „  3-13  45  .,  „  074 
8-5  .,  ,,  2-96  '  50  ,.  „  0-tJi> 

9  „  .,  2-80  I  55  .,  ,,  0-64 
9-5  „  „  2-67  I  60  ,,  .,  (»-61 

10  „  „  2-55  '    70  .,  ,,  0-56 

11  ,,  „  2-43  !    80  ;,  ;.  0-52 

12  ,,  .,  2-16  90  .,  .,  0-49 

13  „  „  201  ,  100  „  ,.  0-4d 

if,  for  e\-aiiii)le,  1  cubic  ceutimetre  of  milk  to  100  of  water  obscures  the  light,  the  j>ercfnt- 
age  of  tat  is  23--13  ;  if  8  cubic  centimetres,  added  to  100  of  water,  are  neetied  to  obscure  the 
light,  the  i)ercL-ntage  is  3-13,  &c. ;  so  that  in  four  or  tive  minutes  an  aj)proxiniate  analysis  of 
the  milk  is  made,  as  far  as  the  fat  is  concerned. 

Wanklyn  states  that  0*2  gramme  of  fat  equals  1  gramme  of  cream. 

1  See  A])i.en(Ux  A.  Wanklyn  recommencls  dissolving  out  tlie  lactin  from  the  soliils  (after 
the  lat  is  removed)  by  means  of  alcohol,  evaporating  and  weighing  ;  then  incinerating  :  the 
difference  gives  the  amount  ot  lactin.  This  seems  on  the  whole  less  i;onvenient  for  the  nietlioal 
olKcer  than  the  copper  test.  Macnamara  {Indian  Medical  (Gazette,  1873)  uses  alcohol  for 
extracting  the  lactin,  but  determines  it  by  Fehling's  copper  test. 
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the  burette ;  take  care  that  the  liquid  is  boiling  all  the  time  ;  continue  the 
process  until  the  copper  is  all  reduced  to  red  suboxide  and  no  blue  colour 
remains  in  the  supernatant  liquid ;  but  stop  before  any  yellow  colour  appears. 
Read  off  the  amount  of  whey  used,  and  divide  by  10  ;  the  result  is  the 
amount  of  milk  which  exactly  decomposes  10  c.c.  of  the  copper  solution. 
The  10  c.c.  of  the  copper  solution  are  equal  to  0*0667  gramme  of  lactin. 
The  amount  of  lactin  in  the  10  c.c.  of  milk  is  then  known  by  a  simple  rule 
of  three  ;  and  the  amount  in  100  c.c.  of  milk  is  at  onge  obtained  by  shifting 
the  decimal  point  one  figure  to  the  right. 

Example. — 15  c.c.  of  diluted  whey  were  required  to  reduce  the  10  c.c.  of  copjier 
solution  ;  -^  —1*5,  the  amount  of  original  milk  ;  0*0667  —  1*5  — 0'0445  gramme  of 
lactin  in  1  c.c.  ;  therefore  0*0445  x  100  —  4*45  per  cent. 

5.  Examine  the  Milk  viia-oscopiralli/. — The  only  constituents  of  milk  are 
the  round  oil  glo})ule8  of  various  sizes  in  an  envelope  and  a  little  epithelium. 
The  abnormal  constituents  are  epithelium  in  large  amount,  pus,  conglomerate 
masses,  and  casts  of  the  lacteal  tubules.  The  added  ingredients  may  be 
starch  grains,  portions  of  seeds,  and  chalk  (round  and  often  highly  refracting 
bodies,  with  often  a  marked  double  outline,  and  at  once  disappearing  in  acid). 
Colostrum,  occurring  for  three  to  eight  days  after  the  birth  of  the  calf,  is 
composed  of  agglomerations  of  fat  vesicles  united  by  a  granular  matter. 
Infusona  are  sometimes  found  in  milk,  and  fungi  (O'idium  Idctis  and 
PemcilliMm)  are  so  almost  invariably,  if  the  milk  has  been  kept.^ 

Tlie  presence  of  ttjro-tojcicon^  a  poisonous  substance  sometimes  formed  in 
milk  and  cheese,  may  be  demonstrated  as  follows : — add  to  the  milk  car- 
bonate of  soda  to  decided  alkahnity,  and  shake  up  the  liquid  with  an  equal 
bulk  of  ether ;  separate  the  ethereal  layer,  and  allow  it  to  evaporate  \  dis- 
solve in  water,  filter,  and  evai)oi-ate  the  filtrate.  A  mixture  of  equal  bulks 
of  pure  phenol  and  sulphuric  acid  strikes  an  orange-red  or  pur[)le  colour  with 
very  small  quantities  of  tyro-toxicon. 


Adulterations. 

1.  Water. — This  is  extremely  common,  and  is,  in  fact,  generally  the  only 
adulteration;  it  is  best  detected  by  specific  gravity  or  by  the  amount  of 
solids  by  evai^ration.  Wanklyn  suggests  the  amount  of  ash  as  a  good  test 
of  water^g ;  the  normal  ash  being,  according  to  him,  about  0*73  per  cent 
In  this  case  the  calculation  would  be  as  follows : — Let  (a)  be  the  observed 

percentage    of    ash    and    (A)    the    normal    amount:    then    100 \~  = 

per    cent,    of    water   added :     let   (a)    =    0*50,    and    A    =     0*73 :    then 

100 TvTs-o —  =  31*5  per  cent,  of  water  added.      In  a  similar  way  the 

v*l  O 

amount  of  "  solids  not  fat "  may  be  used  as  a  standard. 

2.  Starch,  dextrin^  or  f/um,  to  conceal  the  thinness  and  the  bluish  colour 
produced  by  water.     >kOt  a  common  adulteration.     Add  iodine  at  once  for 

1  Dr  Willard,  of  Cornell  University,  notes  the  experieuce  of  Professor  I>aw,  wlio  observed 
a  peculiar  ropy  material  in  milk,  and  traced  it  to  cows  drinking  stagnant  water  containing 
organisms  sinular  to  those  found  in  the  milk  :  a  drop  of  this  water,  put  into  gooil  milk, 
soon  developed  these  organisms.  The  cows  were  leverish. — (Dr  John  Qgle,  Journal  of  the 
Agricultural  Society,  Nov.  15, 1872  ;  Lancet,  Oct  11,  1S73.) 
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starch ;  boil  with  a  drop  of  acetic  acid,  and  add  iodine  for  dextrin,  or  add 
acetate  of  lead  and  then  ammonia :  a  white  precipitate  falls. 

3.  Annatto  or  turmeric  is  added  to  give  colour.  Liquor  potassas  at  once 
detects  turmeric. 

4.  EnmUiom  of  seeds  {hemp  or  almcmd),  added  ;  this  is  uncommon.  Boil. 
The  albumin  of  the  seeds  coagulate  ;  the  milk  will  not  mix  with  tea.  Hemp 
seed  gives  an  unpleasant  odour  to  the  milk  (Xormandy). 

5.  Glycei*in  has  been  sometimes  met  with.  The  milk  will  be  sweeter  than 
usual,  and  there  will  be  a  difficulty  if  not  impossibility  in  drying  the  solids 
by  evaporation. 

G.  C/taUi',  to  neutralise  acid,  and  to  give  thickness  and  colour.  Let  it 
stand  for  deposit;  collect  and  wash  deposit,  and  add  acetic  acid  and  water: 
after  eff*ervescence,  filter,  and  test  with  oxalate  of  ammonium. 

7.  Sodium  Carbanate. — ^Very  difficult  of  detection  unless  the  milk  be  alka- 
line. Determine  the  ash,  and  see  if  it  eff*ervesces ;  if  so,  eitlier  some 
carbonate  has  been  added,  or,  if  the  sodium  have  united  with  lactic  acid,  this 
will  be  converted  into  carbonate,  and  enough  lactic  acid  to  give  an  effer- 
vescing ash  does  not  exist  in  good  milk. 

8.  Salt  has  been  found  added  to  milk  in  a  case  at  Glasgow,  to  the  extent 
of  0*14  to  0*21  per  cent.,  equal  to  98  and  147  grains  per  gallon.  This  will 
be  detected  by  the  excess  of  ash  which  may  be  dissolved  and  tlie  chlorine 
determined  in  the  usual  w^ay. 

9.  Milk  is  often  boiled  to  preserve  it :  it  may  then  take  up  from  the  vessel 
lead,  copper,  or  zinc,  if  these  metals  are  used. 

10.  Cream  is  adulterated  or  made  up  with  magnesium  carlx)nate,  ttagacantb, 
and  arrowroot.  The  microscope  detects  the  latter,  and  particles  of  magne- 
sium carbonate  (round)  can  also  be  seen,  and  found  to  disappear  W'ith  a  drop 
of  acid.     It  is  also  said  that  yolk  of  egg  is  added  both  to  cream  and  milk.^ 

11.  In  most  cases  of  falsification  of  milk  is  watered  or  creamed,  or  lx>th 
creamed  and  iratered.  Wateriivj  alone  is  detected  by  a  lowered  specitir 
gravity  and  a  diminished  quantity  of  cream.  Creamiwt  alone  is  detected  l»y 
a  heightened  specific  gravity  and  a  dinunii>lie(l  quantity  of  cream.  When 
both  are  resorted  to,  the  cream  will  be  small  in  amount,  but  the  sj>ecitic" 
gravity  may  be  normal.  AVlien  a  quantitative  analysis  can  be  made,  water- 
ing alone  is  indic^ated  by  a  general  loweruig  of  the  constituents,  which,  how- 
ever, preserve  their  normal  proportions  to  each  other.  Creaming  alone  is 
indicated  by  a  lessened  amount  of  fat,  but  a  normal  amount  of  everything' 
else,  ex(!ept  total  solids.  Creaming  and  watering  may  be  known  by  a 
general  lowering  of  all  constituents,  but  the  deficiency  in  fat  will  be  most 
marked. 

12.  Boracic  acid  may  be  detected  as  follows: — The  milk  should  l)e  first 
well  shaken  up,  as  calcium  borate  is  liable  to  settle  ;  5  or  6  c.c.  are  then 
taken  and  evai»orated  in  a  flat  dish  to  about  one-third.  A  few  drops  (5  or 
G)  of  strong  HCl  are  added  and  the  evaporation  is  continued,  whilst  the 
flame  of  a  Bunsen  burner  is  directed  across  the  dish.  If  any  appreciable 
(quantity  of  boron  is  present,  the  flame  will  be  tinged  green.- 

13.  Salicijlic  acid  is  shown  by  the  deep  purple  colour  produced  on  the 
addition  of  solution  of  ferric  chloride. 


'  Mr  Bottle,  PJiarmaceiiticnl  Journal,  February  1S73, 
-  Krc'tzscliiimr,  Analyst ^  1887,  p.  159. 
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SECTION    V. 

ALCOHOL. 

There  are  various  ways  of  (lotcmiining  the  amount  of  alcohol  in  beer,  wine, 
and  Kpirits ;  for  the  meilical  oflieer  one  of  the  two  foUowing  will  be  sufficient 

Measure  a  certiiiii  quantity  of  the  alcoholic  fluid,  and  take  the  specific 
gravity  at  GO"  Falu\^  U/,  Place  in  a  retort  and  distil  at  least  two-thinU. 
Take  the  distillate,  dilute  to  original  volume  with  distilled  water,  deter- 
mine the  Hpecifie  jT^ravitj  at  60'  by  a  proper  instrument,  and  then  refer  to 
tlie  annexed  table  of  specific  gnivities — opposite  the  fouod  specitic  gravity 
the  ]:>ercentjige  of  aleo]jnl  is  giveii  in  mlume  ancl  in  weiifht. 

2ml,  Then»  t<i  rboek  this,  a  plan  recommemled  liy  Middcr  may  be  used. 
Take  the  residue  of  the  li<|uid  io  the  retort,  dilute  with  water  to  the  original 
vol  nine,  and  take  the  s[)ecilie  gravity  at  60'*. 

Tlien  deduct  the  speeiJic  gravity  Ix^fore  the  evai>oration  from  the  specific 
gravity  after  it,  take  the  ditlcrcnce,  and  deduct  this  from  1000  (the  specific 
gravity  of  waU*r),  and  IcHjk  in  t!ie  table  of  npeeific  gmvities  for  the  numWr 
thus  obtiiinod  ;  opposite  will  be  found  tlie  percentage  of  alcohol.  The 
results  of  these  two  niethoils  should  be  identicul. 


Tahk  of  Percentageit  of  Abwtuie  Alcohol  at  60*  FahrenJuii^ 
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If  there  is  no  retort,  this  second  plan  may  be  uaed  with  a  commoa 
eviiporating  disli,  the  alcohol  being  suffered  to  escape.     A  common  urin- 

1  HAssall  recommeQdd  previous  ruinoval  of  CO,,  by  Nlmkitig  up  in  a  corkeil  bottl*!  for  tew 
mlmntefl,  opening  the  bottle  from  time  to  time,  aud  sucking  air  tbrougU  it  with  a  tube,  Thii 
is  more  oeceasary  with  bottled  tlian  draught  bi?«r. 

-  Ac<:onimg  to  Triklk^y^  quoted  iu  Watt-i'  Dictionary  ^f  Chemuirjf,  «iliitid  by  Morley  and 
Muir,  1888,  vol.  L  p,  95. 
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ometer  (tested  for  correctness  in  the  first  place  by  immersion  in  distilled 
water  at  60**  Fahr.)  may  be  employed  for  determining  the  specific  gravity. 
The  plan  is  very  useful  for  medical  officers ;  it  requires  nothing  but  a  urin- 
ometer  and  evaporating  dish,  with  reasonable  care  and  slowness  of  evaporation, 
so  as  not  to  char  the  residue  and  render  it  insoluble. 

Alcohol  is  sometimes  stated  as  weight  in  volume.  The  following  table 
shows  tolerably  accurately  the  relation  between  the  two  and  the  relative 
amount  of  proof-spirit,  so  that  a  little  calculation  will  reduce  one  table  into 
another  if  desired.  In  other  words,  if  the  percentage  of  alcohol  in  volume 
be  multiplied  by  0*8,  the  weight  of  the  alcohol  is  given  per  cent  If  the  per- 
centage of  alcohol  in  weight  is  multiplied  by  1  '25,  the  volume  is  given.  If 
the  percentage  volume  of  alcohol  be  multiplied  by  1*76,  the  amount  oi  proof- 
spirit  is  given. 

Proof  Spirit, 

1-76 

8-54 

6-85 

7-00 

8-80 

10-56 

12-32 

14-00 

15-76 

17-60 

Use  of  Sikes^  Hydrometer^  lor  ascertaining  the  strength  of  spirits. 

A  sample  of  the  spirits  to  be  tested  is  poured  into  a  trial  glass,  and  the 
temperature  ascertained  by  means  of  a  thermometer  in  the  usual  way.  The 
hydrometer  is  taken,  and  one  of  the  weights  is  attached  to  the  stem  below 
the  ball :  it  is  then  pressed  down  to  the  0  on  the  stem.  If  the  right  weight 
has  been  selected  it  will  float  up  to  one  of  the  divisions  on  the  stem.  The 
number  on  the  stem  is  then  read  oft'  and  added  to  the  number  on  the  tveight; 
the  sum  is  called  the  indication.  The  book  of  tables  is  then  opened  at  the 
temperature  first  found,  and  the  indication  looked  for  in  one  of  the  columns  : 
opposite  it  will  be  found  the  strengtli  of  the  spirits  over  or  under  proof.  If 
at  the  temperature  60**  F.  the  indication  is  58*8,  then  opposite  this  will  bo 
found  zero,  that  is,  the  spirit  is  the  exact  strength  of  proof  If  the  indica- 
tion is  50,  then  opposite  that  is  12*8,  or  the  spirit  is  12*8  over  proof :  if  the 
indication  is  70,  then  opposite  is  18*9,  or  the  spirit  is  18-9  under  proof. 
The  meaning  of  these  expressions  is — (1)  If  the  spirit  be  12*8  over  proof, 
then,  in  order  to  reduce  it  to  proof,  12*8  gallons  of  water  must  be  added  to 
100  gallons  of  the  spirit :  the  resulting  mixture  will  be  proof ;  (2)  if  the 
spirit  be  18*9  under  proof,  this  means  that  100  gallons  contain  only  as  much 
alcohol  as  89*1  (i.e.,  100  -  18'9)  of  proof  spirit:  to  raise  it  to  proof  it  would 
have  to  be  mixed  with  an  equal  quantity  of  spirit  as  much  above  proof  as  it 

.    ,    ,       .,        ,,    ,100 -18-9-1- 118-9     1^^ 
is  below  it,  so  that =100. 

The  ^ale  of  Food  and  Drugs  Amendment  Act,  1879,  allows  brandy,  whisky, 
or  rum  to  be  25  degrees  under  proof;  equal  to  42*6  per  cent,  of  absolute 
alcohol,  volume  in  volume,  or  34*1  per  cent,  of  weight  in  volume.  This 
gives  a  specific  gravity  of  0  947.  Gin  is  allowed  to  be  35  degrees  under 
proof,  equal  to  36*9  per  cent,  volume  in  volume,  or  29*5  per  cent,  weight  in 
volume  of  absolute  alcohol.  This  gives  a  specific  gravity  of  0-956.  Proof 
spirit  contiiins  56-8  volume  in  volume,  or  45*4  weight  in  volume  of  absolute 
alcohol,  sp.  gr.  0  920  or  49*24  weight  in  weight  per  cent.      The  presence  of 
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sugar  or  extractives  renders  the  use  of  the  hydrometer  fallacious  unless  the 
spirit  is  distilled  off. 
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EXAMINATION  OF  BEER. 

This  is  directed  to  ascertain — 1.  Quality;  2.  Adulterations. 

1.  PhysiccU  Characters. — The  beer  should  be  transparent,  not  turbid. 
Turbidity  arises  from  imperfect  brewing  or  clarifying,  or  from  commencing 
changes.  If  the  latter,  the  acidity  will  probably  be  found  to  be  increased. 
The  amount  of  carbon  dioxide  disengaged  should  neither  be  excessive  nor 
deficient. 

The  taste  should  be  pleasant.  If  bitter,  the  bitterness  should  not  be 
persistent.     It  should  not  taste  too  acid. 

Smell  gives  no  indication  till  the  changes  have  gone  on  to  some  extent. 

2.  If  there  is  any  turbidity,  microscopic  examination  will  detect  the 
presence  of  abnormal  organisms,  as  figured  by  Pasteur.^ 

3.  Determine  Specific  Gravity, — Do  this  both  before  and  after  driving  off 
the  alcohol.  If  it  is  done  after  the  alcohol  is  driven  off,  an  approximate 
conclusion  can  be  formed  of  the  amount  of  solids  by  dividing  by  4  the 
excess  of  the  specific  gravity  over  1000.  The  more  extract,  the  greater  is 
the  body  of  the  beer. 

4.  Determine  Acidity, — This  is  a  very  important  matter,  as  the  increase 
of  acidity  is  an  early  effect  when  beer  is  undergoing  changes. 

The  acidity  of  the  beer  consists  of  two  kinds. 

Volatile  acicUt,  viz.,  acetic  and  carbonic. 

Nonrvolatile  acids,  viz.,  lactic,  gallic  or  tannic,  malic,  and  sulphuric,  if 
it  has  been  added  as  an  adulteration. 

To  determine  the  acidity  of  beer  we  must  use  an  alkaline  solution  of 
known  strength,  1  c.c.  of  which  is  equal  to  6  milligrammes  of  glacial  acetic 
acid  (C2H^02)  or  to  9  milligrammes  of  lactic  acid  (C^HgOg).^ 

Total  Acidity, — Take  10  c.c.  of  the  beer  to  be  exammed,  and  drop  into 
it  the  alkaline  solution  from  a  burette,  till  exact  neutrality  (as  tested  by 
turmeric  and  litmus  papers)  is  reached.  Then  read  off  the  number  of  c.c.  of 
alkaline  solution  used ;  multiply  by  6,  and  the  result  will  be  the  amount  of 
total  acidity  in  the  quantity  of  beer  operated  on,  expressed  as  milligrammes 
of  glacial  atetic  acid  (the  symbols  being  always  used  in  the  report).  By 
shifting  the  decimal  point  two  places  to  the  right,  the  amount  per  litre  is 
given.  To  bring  milligrammes  per  litre  into  grains  per  pint  multiply  by  0*1 
to  bring  to  centigrammes,  then  by  0*7  to  bring  to  grains  per  gallon,  and  then 
divide  by  8  to  bring  to  grains  per  pint ;  or,  what  is  the  same  thing,  multiply 
at  once  the  number  of  c.c.  of  alkaline  solution  used  by  5*25  (short  factor). 

The  total  acidity  can  be  divided  into  fixed  and  volatile  by  evaporation. 
While  the  total  acidity  is  being  determined,  evaporate  another  measured 
quantity  of  beer  to  one-third,  make  up  to  the  original  bulk  with  distilled 
water,  and  determine  the  acidity.  The  acetic  and  carbonic  acids  being 
volatile  are  driven  off,  and  lactic  and  other  acids  remain.  Deduct  the 
amount  of  alkaline  solution  used  in  this  second  process  from  the  total 
amount  used,  and  this  will  give  the  amount  used  for  the  volatile  and  fixed 

1  Etudes  8ur  la  Biire,  1876,  plate  i.  p.  6.  >  See  Appendix  A, 
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acidities  respectively ;  express  one  in  terms  of  acet: 
Short  factor  for  lactic  acid  =  7 '875.  The  fixed  ac 
volatile  in  almost  all  beers,  and  sometimes  five  or  a 

Example. — 10  c.c.  of  beer  took  5  c.c.  of  alkaline  solutic 
glacial  acetic  acid  per  pint » total  acidity. 

After  boiling  and  making  up  to  original  bulk  with  disti 
of  alkaline  solution  :  4  x  7*875  <- 31*5  grains  of  lactic  acid 
difference  between  the  amounts  of  alkaline  solution  used 
gives  the  volatile  acidity. 

Generally  speaking,  the  amount  of  total  acidity 
too  great  It  is  seldom  found  to  be  more  than 
even  rarely  reaches  that;  sometimes  it  is  not  mc 
In  thirty-one  kinds  of  porter  and  stout  the  acidi 
25-22  grains  (the  highest)  to  14*14  grains  (the  lowc 
three  kinds  of  ale  the  highest  and  the  lowest  amc 
and  7*97  grains.^ 

5.  Determine  the  amount  of  alcohol  by  one  of  t! 
Section  V. 

6.  The  solids  can  be  determined  by  evaporation, 
incineration  ;  but  medical  officers  will  seldom  have 
specific  gravity  of  the  de-alcoholised  beer  gives  a  su 

7.  Evaporate  the  beer  to  a  syrupy  consistence ;  i 
bitter  taste. 

Adulterations  of  Beer,^ 

1.  Wate7\ — Probably  the  most  frequent  adultera 
determining  amount  of  alcohol  and  specific  gravil 
alcohol. 

2.  Alcohol. — Seldom  added  ;  the  quantity  of  alec 
to  the  amount  of  extract,  as  determined  by  the  spe< 
tion  of  the  alcohol. 

3.  Sodium  or  Calcium  Carbonate  in  order  to 
adulteration  can  be  detected  without  a  chemical  ^ 
beer  to  a  thick  extract,  then  put  in  a  retort,  acidu 
and  distil;  if  calcium  or  sodium  acetate  be  pres* 
quantity  will  pass  over.  The  extract  always  contai 
in  small  quantity. 

Lime. — Evaporate  to  dryness  another  portion  of 
in  weak  acetic  acid,  and  precipitate  by  ammonium  o^ 
beer  the  precipitate  is  moderate  only. 

Excess  of  soday  for  some  always  exists  in  beer, 
greater  difficulty,  and  it  will  be  well  not  to  atter 
that  the  presence  of  too  great  a  quantity  of  lactates 
boiling  the  beer  with  zinc  carbonate,  when  lactat 
these  cases  the  beer  has  begun  to  cliange,  and  the  n 
to  Pasteur's  plate  will  greatly  assist. 


»  British  Medical  Journal,  June  1870. 

2  lu  his  8i)eech  in  the  House  of  Lords  (April  17,  1872,  Ti 
stated  that  a  common  adulteration  is  as  follows  : — A  certain  a 
the  cask  of  84^11ods,  and  then  6  lb  of  *'  foots  "  (a  black  coarse  i 
(made  from  skms  of  soles  and  other  fish),  and  12  fjallons  of  wt 
beer  is  ready  for  sale  in  two  hours,  and  must  be  drunk  in  two  d 
copperas  are  added  ])y  some,  but  the  use  of  coj)peras  is  said  not 
are  not  mixed  with  water,  but  "  finings  "  are  used. 

»  De  la  Biire  ^Fxeucli  ediUoiv^,  IStSl,  p.  258. 


4.  *%f*l{i£m  C/iZonVr ^Tlris  is  Imnlly  nn  adult^ratioti,  inilei?!^  a  very  large 
quantity  is  lulded,^  Tako  a  meai^ured  quantity  of  tlie  beer  ;  evaiJOrate  to 
dryness;  incinerale  at  as  low  a  heat  as  possible;  dissolve  in  water,  and 
determine  the  chloride  by  the  standard  solution  of  nitrate  of  silver. 

0.  Ferrous  SufpIitUf. — If  the  beer  be  light-coloured  a  mixture  of  potas- 
sium ferricyanide  and  ferrocyauide  (Farady's  teat)  may  l>e  added  at  once, 
and  will  give  a  precipitate  of  Prussian  blue ;  if  the  beer  be  very  dark- 
<?oloured,  it  miLst  be  deeolorided  by  adding  solution  of  lead  solmcetate  and 
filtering. 

Or  evaporate  a  portion  of  beer  to  drynos.s  and  infinenite  ;  If  any  iron  be 
jaesent  the  ash  is  red ;  dissolve  in  wo^ik  nitric  aciil,  and  test  with  potassium 
ff'i  hn  yauitle.  Two  grains  of  ferrous  sulphate  to  nine  gftUons  of  water  give 
a  red  ash  (Ha^sall),  The  ash  of  genuiue  porter  is  always  white,  or  greyish 
white  (Hasi^all). 

6.  tSu/pkunx  acid  is  added  to  clarify  l>eer,  and  to  give  it  the  hard  flavour 
of  age.  If  the  beer  be  pale,  add  a  few  drops  of  hydrochloric  acid,  and  test 
with  barium  chloride.  A  vert/  deiae  precipitate  may  show  that  sulphuric 
aciil  has  been  added,  but  it  must  be  remembered  that  the  water  used  in 
brewing  may  contain  large  quantities  of  suli)hates.  (The  Burton  sjiring 
water  is  rich  in  calcium  sulphate).  If  there  be  a  fanjf  precipitiite,  iben 
determine  the  acidity  of  the  beer  before  and  after  eva^ioration ;  if  iTie 
amount  of  tixed  acid  be  found  to  be  vert/  large^  there  will  be  no  doubt 
that  stilplmrie  acid  luui  lieen  mlded ;  or  precipitate  with  Vmryta,  and  weigh. 

Mvdder  recommends  that  the  extract  of  tlie  beer  he  heated,  and  the 
suljihur  dioxide  winch  is  ibsengaged  led  into  chlorine  water  ;  sulphuric  acid 
will  he  found  in  the  chlorine  water,  and  may  be  tested  for  as  usual. 

7.  Aittm, — Evaporate  to  drynf^s ;  inciuenite,  and  j*roceed  exactly  as  in 
the  analysis  of  alum  in  creaij.  The  Ruhstance  added  to  give  "  head "  to 
lieer  is  a  mixture  of  alnm^  salt,  and  ferrous  sulphate. 

Other  substances  have  l:>een  supposed  to  bo  usetl  as  adulterants,  and 
formerly  this  was  the  ease,  but  not  of  late  years. 


SECTION  YII, 


EXAMINATION  OF  WINK 


^ 
N 


Tlie  qnality  of  wine  can  bo  best  determined  by  noting  the  colour,  trans- 
jiareucy,  and  task%  and  then  deterndiiiiig  the  following  pointii : — 

(1 )  The  amount  of  Hofidi?  as  given  by  the  s]>e€ific  gravity  after  the  elimina- 
tion of  the  alcohol.  In  the  best  Chiret^*  before  the  loss  of  alcohol^  the  specific 
gravity  is  very  nearly  that  of  water.  In  some  Claret  used  in  the  t^>ueen'a 
establishment,  and  analysed  by  Dr  Hofmann,  the  specific  gravity  was  0*99952. 
In  other  Clarets  it  is  as  low  as  0995;  A  low  specific  gravity  fihows  that 
alcohol  lias  been  adiled,  or  that  tlje  solids  are  in  small  araoimt. 

(2)  The  amount  of  ttirohol ;  a  very  small  aujount  may  show  the  addition 
of  water,  a  large  amount  the  addition  of  s[nrits. 

(3)  The  ainuunt  of  free  nndihj.  This  is  an  important  point,  as  it  seems 
clear  that  some  persons  (especially  tlie  sick)  do  not  readily  digest  a  lai^e 
amount  of  aci<l  and  acid  salt*?. 

The  amount  is  determined  by  the  alkaline  solution.     The  free  acidity  is 


1  The  luktul  Be?euue  DfBco  allowa  50  grains  of  wMJiuin  cliloriik-  jwr  gallon. 
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generally  reckoned  as  crystallised  tartaric  acid  (6411^0, 
Boliition  being  equal  to  7*5  milligrammes.  There  is  1 
acidity ;  the  relative  amount  of  the  two  is  difficult  to  c 
m  some  acid  may  be  fonned  on  distillation.  The 
conducted  at  a  low  temperature,  so  as  not  to  decc 
pound  ethers.  The  volatile  acidity  is  reckoned  as  glat 
tartaric  acid.  All  the  acidities  of  wine  arc  usual 
per  ounce. 

The  amount  of  free  acidity  varies  greatly  even  in  t 
the  least  acid  wines  are  Sherry,  Port,  Champagne,  t 
deira ;  the  more  acid  wines  are  Burgundy,  Rhine  wine, 
Tlie  amount  of  free  acid  in  good  Clarets  is  equal  to  2 
acid  per  ounce  ;  in  common  Clarets  and  in  Beaujolais 
and  in  some  extremely  acid  wines  it  may  be  even  m* 
best  Champagnes  it  is  2  to  3  grains  usually  ;  but  it  h 
in  excellent  Champagne  1*12  per  cent.,  or  4*8  grains 
averages  2  to  2^  grains,  but  may  reach  4  grains ;  in  S 
in  bhe  Rhine  wines,  3J  to  4  or  6  grains.  Thudichun 
in  good  sound  wine  the  amount  of  free  acidity  rar 
cent.,  or  from  1  '3  to  3  grains  per  ounce. 

The  taste  of  wine  does  not  depend  entirely  on, 
influenced  by,  the  degree  of  acidity.  Mr  Griffin ^ 
wine  contains  from  1*87  to  2*8  grains  of  crystallised 
that  if  it  contains  less  than  1*87  grains  it  tastes  flat; 
per  ounce  the  wine  is  too  acid  to  be  agreeable;  i 
p<^r  ounce  (1  per  cent.)  it  is  too  acid  to  be  drunk 
rather  low.^ 

(4)  The  amount  of  sugar.     The  best  modes  of  det 
already  noticed. 

(5)  It  may  be  sometimes  useful  to  determine  i. 
tihers  by  fractional  distillation. 

Excessive  acidity  of  wine  can  be  corrected  by  a 
tartrate.  Milk  Is  also  often  used.  The  addition  of 
or  of  chalk,  alters  the  bouquet  of  the  wine.  When 
ill  which  case  acetic  and  lactic  acids  are  formed, 
adding  a  little  tea ;  about  one  ounce  of  tea  boiled  in 
he  added  to  about  40  gallons  of  wine.  Bitter  wi 
water  or  sulphur :  bad  smelling  wine  with  charcoal ; 
gc4atin ;  wine  which  tastes  of  the  cask  with  olive  oil 


Adulterations  of  Wine. 

1.    Water. — Known  by  taste  ;  amount  of  aleoho 
elimination  of  alcohol. 


'  Tliis  was  the  case  in  some  Champagne  examined  by  Dr  Hofr 

•  Report  on  Clicap  Wine,  by  R  Druitt,  M.D.,  p.  178. 

»  From  tliirteeu  analyses  of  sonncl  ordinary  Port,  I  found  th 
cnmce  ;  in  some  samples  of  Sherry,  IPC  ;  Marsala,  1-5;  light 
Claret.  4  0  ;  in  a  sample  of  Montilfa,  a  tine  wine,  but  too  acid,  3 

'  Wine  is  subject  to  several  diseases,  wliich,  accortling  to  Past 
ot  ferments  (see  Review  on  Hygiene,  in  Anny  Medicxd  Depart 
By  heating  tlie  wine  to  about  125"-] 30*^  Fahr.  these  "  myco<leri 
undergoes  no  further  change.     The  microscope  may  be  employe* 
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2.  Distilled  Spirits, — Known  by  determining  the  amount  of  alcohol,  the 
normal  percentage  of  the  particular  kind  of  wine  being  known.  By  frac- 
tional distillations  the  peculiar-smelling  fusel  oils  may  be  obtained ;  or 
merely  rubbing  some  of  the  wine  on  the  hand,  and  letting  it  evaporate,  may 
enable  the  smell  of  these  ethers  to  be  perceived. 

8.  Artificial  Colouring  Matters. — The  following  are  the  chief  colouring 
matters,  as  stated  by  Thudichum  and  Dupr^.  Logwood  is  the  great  colouring 
material,  and  also  blackberries,  elderberries,  and  bilberries.  There  are  no 
good  methods  of  recognising  these  substances ;  salts  of  lead,  ammonia,  and 
ammonium  sulphide,  alum,  and  potassium  or  ammonium  carbonate,  and  salts 
of  tin  have  been  used  as  retigents.  The  most  useful  test  appears  to  be  this : 
add  to  the  wine  about  Jth  volume  of  strong  solution  of  alum  ;  stir  well,  and 
then  add  about  an  equal  quantity  of  strong  solution  of  ammonium  carbonate; 
the  natural  colouring  matter  of  the  wine  when  thrown  down  in  this  way 
has  a  greeifish  or  dirty  bluish-green  colour,  but  there  is  no  tinge  of  red  ; 
logwood  and  several  other  abnormal  colours  have  a  distinct  red  or  purplish 
tint.^  The  use  of  strips  of  gelatin,  as  described  under  alum  in  bread,  is 
also  recommended.  Fuchsine  or  rosaniline  and  other  substances  have  also 
been  used,  but  on  the  whole  there  has  been  some  exaggeration,  whilst  the 
colouring  matters  employed  are  mostly  harmless. 

4.  Lime  Salts. — The  so-called  "  pl^trage  "  of  wines  consists  in  the  addition 
of  1^  9>  to  7  9>  of  a  mixture  of  calcium  sulphate  (80  parts),  calcium  carbonate 
(12),  quicklime  and  sulphide  and  chloride  of  calcium  (8  parts)  to  1  hecto- 
litre of  wine.  Calcium  sulphate  dissolves  in  large  proportion,  and  then 
interchanges  with  the  chloride  of  potassium,  and  chloride  of  calcium  and 
sulphate  of  potassium  are  formed.  The  chalk  forms  acetate  and  tartrate  of 
calcium.  The  proportion  of  lime  salts  is  then  very  large.  The  only  precise 
way  of  detecting  this  adulteration  is  by  evaporating  to  dryness,  incinerating, 
and  determining  the  amount  of  lime.  But  the  foUowing  method  is  shorter, 
and  will  generally  answer.  The  natural  lime  salts  of  wine  are  tartrate  and 
sulphate ;  when  lime  is  added  an  acetate  of  calcium  is  formed.  Evaporate 
the  wine  to  ^th ;  add  twice  the  bulk  of  strong  alcohol ;  the  calcium  acetate 
is  dissolved,  but  not  the  sulphate  or  tartrate  ;  filter  and  test  with  oxalate  of 
ammonium ;  if  a  large  precipitate  occur,  lime  has  probably  been  added. 

5.  Tannin  may  be  detected  either  by  chloride  of  iron  or  by  adding  gelatin. 
But  as  tannin  exists  naturally  in  most  of  the  red  wines  (Port,  Beaune, 
Roussillon,  Hermitage,  &c.),  the  question  becomes  often  one  of  quantity. 
The  amount  of  tannin  can  be  estimated  by  drying  the  tanno-gelatin  (100 
grains  contain  40  of  tannin). 

6.  Alum. — This  is  detected  precisely  in  the  same  manner  as  in  bread. 
Evaporate  a  pint  of  the  wine  to  dryness ;  incinerate,  and  then  proceed  as 
directed  in  Bread. 

7.  Lead. — Evaporate  to  dryness,  and  incinerate  ;  dissolve  in  dilute  nitric 
acid,  and  test  as  directed  in  the  Examination  op  Water. 

8.  Copper. — Decolorise  with  animal  charcoal,  and  test  at  once  with 
ferrocyanide  of  potassium. 

9.  Cider  and  Perry. — Evaporate  wine,  and  the  peculiar  smell  of  the  liquids 
will  be  perceived. 

Port  Wine,  as  sold  in  the  market,  is  stated  to  be  a  mixture  of  true  Port, 
Marsala,  Bordeaux,  and  Cape  wines  with  brandy,  although  at  present  it  is 

1  Mulder  speaks  very  doubtfully  of  all  such  tests  ;  they  seem,  however,  better  than  nothing. 
Probably  spectrum  analysis  will  hereafter  afford  the  best  means  of  identification.  On  the 
colouring  matter  of  wine,  see  Duclaux,  Comptea  RendusderAcadimiedesScienceSft.  Ixxvii. 
No.  16,  April  1874,  p.  1159  ;  also  Report  on  Hygiene,  Army  Med.  MeporiSy  vol.  xv.^^.  \flft. 
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■  probably  purer  than  it  used  to  be,  purer  perhaps  than  most  oth 

!  •  Inferior  kinds  are  still  adulterated  with  logwood,  elderberries,  catec! 

;  [  juice,  and  a  little  sandalwood  and  alum.     Receipts  are  given  in  Ixx 

.          ■  sorts  of  imitation  wines. 

I       1 

I           .'  *^*  The  examination  of  some  other  articles,  viz.,  Tea,  Coffee, 

j       ;    '  Mustard,  Pepper,  Salt,  and  Lemon  and  Lime  Juice,  will  be  found 

>      i  '  1  *  different  heads  in  Book  I. 


.    1 


■♦ 
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APPENDIX  A. 


STANDARD  SOLUTIONS  FOR  VOLUMETRIC  ANALYSIS. 

1.  For  ClUorine. 

(a)  Silver  Nitrate  Solution, 

4*788  grammes  of  silver  nitrate  in  1  litre  of  distilled  water, 
1  c.c.  of  solution  =  1*00  milligramme  of  chlorine. 

„  „       =1'65  „  of  sodium  chloride. 

„  „       =2*10  „  of  potassium  chloride. 

„  „       =1*51  „  of  ammonium  chloride. 

This  solution  may  be  staiuiardised  with  a  solution  of  pure  sodium  chloride, 

1*648  to  the  litre,  1  cc.  of  which  equals  1  mgm.  of  chlorine. 

iff)  Potassium  Monochromate  Solution. — 50  grammes  of  potassium  monochromate 
are  dissolved  in  1  litre  of  distilled  water.  Solution  of  nitrate  of  silver 
is  added  until  a  permanent  red  precipitate  is  formed,  which  is  allowed  to 
settle. 

2.  Hardness, 

(a)  Soap  Solution, 
Dissolve  some  soft  soap  (pharmacopoeial)  in  diluted  spirit,  and  graduate  by 
means  of  this  barytic  solution. 

Nitrate  of  barium,        .        .        .        0*26  gramme. 
Distilled  water,    ....        1  litre. 

2*2  cc.  (or  22  measures)  of  standard  soap  solution  produce  a  permanent  lather 

with  50  cc.  of  the  above  solution. 
1  measure  (=^  cc)  of  soap  solution  =  0*00025  gm.«  0*25  mgm.  of  calcium 

carbonate. 
Correction  for  lather  =  -  2  measures  of  soap. 
Short  factors  (when  50  cc  of  water  are  taken  for  experiment). 

For  degrees  of  Clark's  scale  (1:70,000)  =0*35. 
„        „  metrical  „     (1:100,000) =0*50. 

(h)  A  weaker  solution,  each  measure  (^  c.c.)  of  which  is  equal  to  0*07  mgm.  of 
CaCO,  is  sometimes  used.  The  correction  for  lather  would  be  7  measures 
of  soap.  The  corrected  number  of  measures,  diWded  by  10,  gives  the 
hardness  in  Clark's  scale  directly,  or  multiplied  by  0*14,  the  degrees  on  the 
metrical  scale. 

3.  Solutions  required  for  the  determination  of  Oxidisable  Matter  in  Water, 

(a)  Permanganate  Solution, 

0*395  of  potassium  permanganate  in  1  litre  of  water. 

100  c.c  are  exactly  decolorised  by  100  cc.  of  oxalic  acid  solution  (c).    {See 

No.  10  c). 
1  cc  of  permanganate  solution  used  with  acid  yields  0*10  milligramme  of 

oxygen. 
1  cc  of  permanganate  solution  used  with  alkali  yields  0*06  milligramme  of 

oxygen. 
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1  c.c.  of  permanganate  solution  exactly  oxidises  0*2875  mgm.  nitrous  acid 

(NOA 
1  C.C.  of  permanganate  solution  exactly  oxidises  0*2125   mgm.    hydrogen 

sulphide  (HjS). 
1  c.c.  of  permanganate  solution  exactly  oxidises  0*7000  mgm.  iron  (Fe). 
„  „  „  „  0*9000     „       ferrous     oxide 

(FeO). 
(6)  Potassium  Iodide  Solution.— A  10  per  cent  solution  of  the  pure  potassium 
iodide,  recrystallised  from  alcoboL 

(c)  Dilute  Sulphuric  Add.—One  volume  of  pure  sulphuric  acid  is  mixed  with 

three  volumes  of  distilled  water,  and  permanganate  solution  dropped  in 
until  the  whole  retains  a  very  faint  pink  tint  after  warming  to  80*  F.  for 
four  hours. 

(d)  Sodium  Hypomlphite,— One  gramme  of  crystallised  sodium  bvposulphite 

dissolved  in  1  litre  of  water. 

(e)  Starch  Solution. --One  gramme  of  starch  to  be  intimately  mixed  with  1  litre 

of  distilled  water,  the  whole  boiled  briskly  for  five  minutes,  filtered,  and 
allowed  to  settle. 

4.  Solutions  for  determination  of  Free  and  Albuminoid  Ammonia, 

(a)  Ammonium  Chloride  Solution  for  Nesslerising, 

0-315  gramme  of  ammonium  chloride  in  1  litre  of  water. 

This  is  the  strong  solution. 
Take  100  c.c.  of  this  solution  and  dilute  to  1  litre. 

This  is  the  standard  solution. 
1  c.c.  =  0*01  milligramme  of  ammonia  (NH3)  or  00082  mgm.  of  nitrogen. 

(h)  Nessler's  Solution. — Dissolve  35  grammes  of  potassium  iodide  in  100  cc,  of 
distilled  water.  Dissolve  17  grammes  of  mercuric  chloride  in  300  cc.  of 
distilled  water ;  warm  if  necessary,  and  allow  to  cool.  Add  the  mercuric 
solution  to  the  iodide  solution  until  a  perceptible  permanent  precipitate  is 
produced.  Then  dilute  with  a  20  per  cent,  sodium  hydrate  solution 
(caustic  soda)  up  to  1000  cc.  (1  litre) ;  add  mercuric  chloride  solution 
until  a  permanent  precipitate  again  forms  ;  allow  precipitate  to  settle,  and 
then  decant  ofiF  the  clear  solution. 

(c)  Sodium  Carbonate  (sometimes  required  for  free  ammonia,  but  not  usually 

needed). — A  20  per  cent,  solution  of  recently  ignited  pure  sodium  carbonate. 

(d)  Alkaline  Potassium  Permaiujanate  Solution  (for  Albuminoid  Ammonia). — Dis- 

solve 200  grammes  of  potassium  hydrate  and  8  grammes  of  pure  potassium 
permanganate  in  1100  c.c.  of  distilled  water,  and  boil  the  solution  rapidly 
till  concentrated  to  1000  c.c. 

(e)  Distilled  Water  free  from  Ammonia. — The  S.P.A.  recommend  boiling  ordinary 

distilled  water  with  1  per  1000  of  pure  ignited  sodium  carbonate.  If  the 
water  is  distilled  with  a  little  phosphoric  acid  (as  recommended  by  Notter), 
it  comes  over  quite  free.     Test  with  a  little  Nessler's  solution. 

5.  Reagents  for  the  determination  of  Nitric  Acid  in  Nitrates, 
(a)  Metallic  Aluminum. — As  thin  foil. 

(h)  Solution  of  Sodium  Hydrate. — Dissolve  100  grammes  of  solid  sodium  hydrate 
in  1  litre  of  distilled  water.  When  cold,  introduce  a  strip  of  about  1(X> 
square  centimetres,  say  15  square  inches,  of  aluminum  Yoil  previously 
heated  to  just  short  of  redness,  wrapped  round  a  glass  rod  ;  when  the 
aluminum  is  dissolved,  boil  the  solution  briskly  in  a  porcelain  basin  until 
about  one-third  of  its  volume  has  evaporated  ;  allow  it  to  cool,  and  make 
it  up  to  its  original  volume  with  water  free  from  ammonia.  The  solution 
must  be  tested  by  a  blank  experiment  to  prove  the  absence  of  nitrates. 
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(c)  Copper  Sulphate  Solution. — Dissolve  30  grammes  of  pure  copper  sulphate  in 

1  litre  of  distilled  water. 

(d)  Metallic  Zinc,  pure. — As  thin  foil.     This  should  be  kept  in  a  dry  atmo- 

sphere, so  as  to  be  preserved  as  far  as  possible  from  oxidation. 
To  make  the  v)et  Copper  Zinc  couple. — Put  into  a  flask  or  bottle  a  piece  of 
clean  zinc  foil,  and  cover  it  with  the  copper  solution  (c)  :  allow  the  foil  to 
remain  until  it  is  well  covered  with  a  hrmly  adhering  black  deposit  of 
copper.  (If  left  too  long  the  deposit  may  peel  off  in  washing;.)  rour  off 
the  solution  (which  may  be  kept  for  further  use),  and  wash  the  conjoined 
metals  with  distilled  water.  The  couple  is  now  ready  for  use.  About 
one  square  decimetre  (=^  of  a  square  inch)  should  be  used  for  every  200 
C.C.  of  a  water  containing  5  parts  or  under  of  nitric  acid  in  100,000.  For 
waters  richer  in  nitrates  more  will  be  required. 

(e)  Standard  Solution  of  Ammonium  Chloride  (see  4  (a)). 
if)  Nessler^s  Soluti<m  (see  4  (b)). 

6.  Reagents  for  the  determination  of  Nitrons  Acid  in  Nitrites. 

(a)  Solution  of  Metorvhenylenediamine. — Dissolve  6  grammes  of  meta-phenylene- 
diamine  in  I  litre  of  distilled  water,  rendered  acid  with  sulpnuric  acid. 
Decolorise,  if  necessary,  with  animal  charcoal 

(6)  Dilute  Sulphuric  Acid. — One  volume  of  pure  sulphuric  acid  to  two  volumes 
of  distilled  water. 

(c)  Solution  of  Potassic  Nitrite. — Dissolve  0*406  gramme  of  pure  silver  nitrite  in 
hot  water,  and  decompose  it  with  a  slight  excess  of  potassium  chloride. 
After  cooling,  make  the  solution  up  to  one  litre,  allow  the  chloride  of 
silver  to  settle,  and  dilute  each  100  c.c.  of  the  clear  supernatant  liquid 
again  to  one  litre.  1  c.c  of  this  diluted  solution =0*01  ot  a  milligramme 
of  NOj. 
The  nitrites  may  also  be  determined  by  the  permanganate  solution  (see  3). 

7.  For  determination  of  Phosphoric  Add. 

One  part  of  pure  molybdic  acid  is  dissolved  in  4  parts  of  ammonia,  sp.  gr. 
0*9i60.  This  solution,  after  filtration,  is  poured,  with  constant  stirring, 
into  15  parts  of  nitric  acid  of  1*20  sp.  gr.  It  should  be  kept  in  the  dark, 
and  carefully  decanted  from  any  precipitate  that  may  form. 

8.  Sulphuric  Acid  Solution  for  Carbonates  in  Water. 

Take  4*9  grammes  by  weight  of  pure  H2SO4  and  dilute  to  1  litre. 
1  C.C.  saturates  5  milligrammes  of  calcium  carbonate. 
„  „        6*2  „  of  sodium  „ 

9.  Alkaline  Solution  for  Acidities. 

Take  liquor  sodse  or  linuor  potassse  of  pharmacopccial  strength,  and  dilute 

with  8  or  9  parts  of  aistilled  water. 
Graduate  with  oxalic  acid  solution  (a).     (See  No.  10.) 

1  C.C.  of  standard  alkaline  solution  =  6*3  mgm.  oxalic  acid. 

=  6*0     „      glacial  acetic  acid. 
=  9*0      „      lactic  „ 

=  7*5      „      tartaric  „ 

=6*4      „      citric  „ 

10.  Oxalic  Acid  Solutions, 

Solution  (a) — Take  6*3  grammes  of  crystallised  oxalic  acid,  and  dissolve  in  one 
litre  of  water. 

10  c.c.  exactly  neutralise  10  c.c.  of  standard  alkaline  solution. 
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Solution  (6)— Take  100  c.c.  of  solution  (a\  and  add  180  c.c.  of  distilled  water ; 

or,  dissolve  2*26  grammes  of  crystallised  oxalic  acid  in  1  litre  of  distilled 

water. 
This  makes  the  solution  for  testing  the  alkalinity  of  lime  or  baryta  water. 

1  c.c  exactly  neutralises  1       milligramme  of  lime  (CaO). 
273  „  of  baryta  (BaO). 

Solution  (c)— Take  100  c.c.  of  solution  (a),  and  add  700  cc.  of  distilled  water  ; 
or,  dissolve  0*7875  gramme  of  crystallised  oxalic  acid  in  1  litre  of  distilled 
water. 

This  is  the  solution  for  graduating  the  permanganate. 

100  cc.  exactly  decolorise  100  cc  of  permanganate  in  presence  of  sulphuric 
acid. 

11.  Copper  Solution  (Felding's)  for  Sv^gars, 

Take  of  pure  copper  sulphate,   .        .        .        34*64  grammes.  1  rHg^^ 

„    distilled  water,  ....        200  cc  f 

Take  also  of  tartrate  of  sodium  and  potassium,  173  grammes.     1  Dissoltx 
Solution  of  caustic  soda  (or  caustic  potash),       480  cc.  / 

Mix  the  two  solutions  slowly,  and  dilute  with  distilled  water  to  1  litre. 
1  c.c.  is  reduced  by  6  milligrammes  of  either  glucose  or  inverted  sugar. 
„  „  6*67  „         of  lactin  (or  milk  sugar). 

lla.  Pamfs  Solution  is  prepared  as  follows : — 

Sulphate  of  copper,  320  grains  in  distilled  water,  10  ounces. 

Neutral  tartrate  of  potash,  640  grains,  and  caustic  potash,  1280  grains  in 

distilled  water,  10  ounces. 
These  may  be  kept  separate,  or  mixed  together. 

12.  Iodine  Solution  for  Hydrogen  Sulphide, 

Dissolve  6*35  grammes  of  iodine  in  1  litre  of  distilled  water  by  the  aid  of  a 
little  potassium  iodide. 

1  c.c.  =  0-85  milligramme  of  HjS. 

If  a  litre  of  water  be  taken  for  examination,  the  short  factor  for  cubic  inches 
per  gallon  is  0*164. 

Starch  is  used  as  the  indicator. 

13.  Solution  of  Iron  for  Colonmetric  Test. 

Dissolve  1  gramme  of  pure  iron  wire  in  nitro-hydrochloric  acid  ;  precipi- 
tate the  ferric  oxide  with  ammonia  ;  wash  the  precipitate  ;  dissolve  in  a 
little  hydrochloric  acid,  and  dilute  to  1  litre. 

1  c.c.  =  1  milligramme  of  iron. 

This  is  the  strong  solution. 

For  use  it  is  diluted  1  to  100,  so  that 

1  cc.  =0*010  milligramme  of  metallic  iron. 
I  c.c.  =  0*027  „  of  iron  phosphate. 

14.  Standard  Lead  Solution. 

Dissolve  0*1831  grammes  crystallised  acetate  of  lead,  Pb(C2H3O2)2.3H^0 
in  one  litre  of  distilled  water.  Each  c.c.  contains  0*1  mgm.  metallic 
lead,  Pb. 

15.  Dilute  Acid  Solutions  are  generally  1  part  of  acid  to  9  of  distilled  water,  unless 

otherwise  specified. 

16  Qualitative  Solutions^  and,  generally,  solutions  thai  are  not  titrated  or  graduated, 
are  saturated^  unless  otherwise  specified. 

17.  Brucine  Solution  (for  Nitric  Acid). — 1  gramme  of  brucine  to  1  litre  of  distilled 
water. 
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18.  Solution  of  Potassium  Iodide  and  Starch  (for  Nitrotis  Acid), 

Potassium  iodide  1  gramme,  starch  20  grammes,  water  500  c.c.  Make  the 
starch,  filter  when  cold,  and  then  add  the  potassium  iodide. 

This  mixture  docs  not  keep  well,  and  must  be  made  fresh  from  time  to  time  ; 
or,  the  sohitions  3  {b)  and  3  (e)  may  be  used  instead. 

19.  Solution  of  Gold  Chloride  (for  Oxidisahle  Matter  in  water). — One  gramme  of 

gold  chloride  dissolved  in  1  litre  of  water. 

20.  SohUion  of  Cochineal  (for  Acidities  or  Alkalinities), — Take  5  grammes  of 

cochineal,  bruised  in  a  mortar,  add  25  c.c.  of  spirit  of  wine  and  500  c.c.  of 
distilled  water :  filter.    This  solution  is  apt  to  oecome  a  little  acid. 

21.  Phenol'Phthalein  Solution  (for  Acidities  or  Alkalinities). — Take  5  grammes  of 

the  phenol-phthalein,  and  dissolve,  with  the  aid  of  25  c.c.  of  spirit  of  wine- 
in  500  c.c.  of  distilled  water. 
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METRICAL  WEIGHTS  AND  MEASURES. 

a.  Length. 

I  Metre  =39*37    English  inches  =  3*28  feet 

1  Decimetre     =  3-94        „  „       =^4  inches  nearly). 

1  Centimetre    =»  0*39        „  „       =vA  ^^^^  nearly). 

1  Millimetre    =  0O39      „  „        =^{X  inch  nearly). 

N,B. — The  Latin  prefix  indicates  division. 

The  Greek    do.  do.      multiplication. 

1  Kilometre  =  1000  metres  =  1094  yards  =  |  mile  (nearly). 
1  Mile  (English)  =  1609  metres,  or  1*609  kilometres. 

h.  Area, 

1  Square  metre  =  10*76      sq.  feet       =  1 542  s^.  inches. 

1  Square  centimetre  =     0*154    sq.  inches   =  A  sq.  inch  (nearly). 

1  Square  millimetre  =     0*0015         „  =«}if      »>      (nearly). 

100  Square  metres     =     1  are       =       119*7  square  yards. 

100  Ares  =     1  hectare  =  11967'    „         „     —  2*47  acres. 

100  Hectares  =     1  square  kilometre  =  247  acres  =  0*386  sq.  mile. 

c.  Capacity, 

1    Decimetre  cubed =1    litre  =1000   cubic   centimetres =61  cubic  inches  =  35*3: 

ounces = 1  '76  pints  =  0*22  gallon. 
1  Cubic  centimetre =0*061  cubic  inch. 
1  Cubic  inch  =  16*4  cubic  centimetres. 

28*35  Cubic  centimetres  =  1*733  cubic  inches  =  1  fluid  ounce. 
1,000,000  Cubic  centimetres =1000  litres  =  1  cubic  metre  « 1  stere  =  35*3  cubic  feet. 
1  Cubic  foot  =  6^23  gallons  =  1000  fluid  ounces =28*2  litres. 

d.  Weight, 

1  Cubic  centimetre  of  distilled  water  at  4**  C.  (39''*2  F.)  weighs  1  gramme. 

1  Gramme  =   15*432  grains. 

1  Decigramme     =     1*543      „      (     1 J  grains  nearly). 

I  Centigramme   =     01 54      >i      (    A  R™ii^  nearly). 

1  Millij^mme    =     0*015      „      (  =  ^  grain  nearly). 

1  Kilogramme     =     1000  grammes  =15432  grains  =  2*2  lb  awnr.= 36*3  ounces. 

French  livre  and  German  pfund=bQO  grammes  =  1*1  lb  =  17*6  ounces. 

The  German /o^^  ■■  1^5      n       = 'J  ounce  nearly. 

1  lb  avoir.  =  453*5  grammes. 

I  ton  avoir.  =  101 8  kilogrammes. 
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APPENDIX  C. 


THERMOMETER  SCALES. 

Centigrade         _         Rdanmur         _  Fahrenheit — 32 

5                 "                4  9 

Centigrade.  Rteumar.  Fahrenbeit. 

Mercury  freezes  at             -40*0  -3l-0  -^O 

Zero  at  Fahrenheit, -17-7  .-14-2  0*0 

Water  freezes  at OO  OO  32-0 

"Water  at  its  maximum  density  at    .        .        .  4*0  3'2  39*2 

Mean  temperature  of  London,  ....  10*2  8'2  60*4 

Mean  temperature  for  specific  gravities,  &c.,    .  15*5  12*4  60*0 

Mean  temperature  of  Calcutta,          .        .        .  25*8  20*6  82-0 

Mean  temperature  of  the  human  body,     .        .  38*5  30*0  98*4 

Alcohol  boils  at 78*3  62*7  173-0 

Water  boils  at 100-0  80-0  2120 

Mercury  boils  at 360-0  2880  600-0 
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BAROMETER  SCALES. 
Standard  pressure =760  miUimetres= 29*922  inches. 


30     inches 

=  762 

29-5      „ 

=  749 

29        „ 

=  737 

28-5     „ 

=  724 

28        „ 

=  711 

1        „ 

=   25-4 
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1.  TahU  shoioiiuj  the  Daily  Yield  of  Water  from  a  Roof  with  varying  Rainfalls.^ 


Area  of  House,  10  feet  by  20  feet,  or  200  square  feet. 

Mean  Kalnfoll. 

T/Oss  from 
Evaporation. 

Requisite       'Mean  dally  yield 
capacity  of  Tank.        of  Water. 

Mean  daily  yield 
of  Water  in 
wettest  year. 

Mean  daily  yield  1 
of  Water  in       , 
dries  t  year. 

inches. 

l)er  cent. 

cubic  feet 

1 
gallons.        {         gallons. 

gallons. 

20 

25 

100 

4-3          1            67 

3*2 

26 

20 

136 

5-7          1            7-5 

3-9 

30 

20 

146         ;          6-8          1            9-4 

4-5 

36 

20 

156         1          7-9 

11-0 

5-0 

40 

15 

166         1          9-7 

131 

7-2 

45 

15 

170 

10-9 

14-2 

8-6 

For  any  other  size  of  Roof  or  amount  of  Rainfall,  the  numbers  will  be   pro- 
portional. 

One  inch  of  niin  =  101  tons  per  acre  -  22,624  gallons. 

^  From  a  paj)er  by  H.  Sowerbv-Wallis,  F.M.S.,  on  "Rainfall  Collection,"  Transactions  of 
the  iSanitary  InUitute  of  Great  ISritain,  vol.  i.,  1880  (Croydon  Congres.s),  p.  213. 
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2.  Table  showing  the  Distribution  of  Positive  and  Negative  Errors^  according  to 

Number  of  Events. 

(h)  2  Events. 


(a)  1  Event. 
Chances, 


1  positive, 
1  negative, 


Total,  . 

(c)  3  Events. 
Chances. 
3  positive, 

2  positive,  1  negative, 
1  positive,  2  negative, 

3  negative. 


Total,  . 


10  positive, 
9  positive,  1  negative, 
8  positive,  2  negative, 
7  positive,  3  negative, 
6  positive,  4  negative, 
5  positive,  5  negative. 


Chances, 
2  positive,  . 

1  positive,  1  negative, 

2  negative. 

Total,  . 

{d)  4  Events. 
Chances, 
4  positive,  . 

3  positive,  1  negative, 
2  positive,  2  negative, 
1  positive,  3  negative, 

4  negative, . 


Total,  . 


(e)  10  Events. 
Chances, 


1 

10 

45 

120 

210 

252 


Brought  forward, 
4  positive,  6  negative, 
3  positive,  7  negative, 
2  positive,  8  negative, 
1  positive,  9  negative, 
10  negative. 


1 
4 
6 

4 

1 

16 


638 

210 

120 

45 

10 

1 


Carryforward,  .    638  Total,  ....  1024 

In  each  case  the  number  of  chances  corresponds  to  the  coefficients  of  a  bi- 
nomial whose  exponent  is  the  number  of  events.  Thus,  with  one  event  we  have 
(a+6y=a+6:  with  2  events  we  have  (a+6)^=a'+2a6+6*,  and  so  on. 
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Symbols  and  Atomic  Weights  of              | 

Symbols  and  Atomic  Weights  of 

Elementary  Bodies. 

Elementary  Bodies. 

Elementary  Bodies. 

Sjrmbols  and 
Atomic  Weights. 

Elementary  Bodies, 

Symbols  and 
Atomic  Weights. 

Aluminium, 

Al 

=  27 

1 
Lead  (Plumbum^     .  ,  Pb 

1 
=  207 

Antimony  (Stibium), 

Sb 

=  120 

Lithium,  .        .        .  1  L 

=     7     , 

Arsenicum, 

As 

=  75 

Magnesium,              .  |  Mg 

=   24 

Barium,    . 

Ba 

=  137 

1  Manganese,       .        .     Mn 

=   66 

Bismuth,  . 

Bi 

=209 

Mercury  (Hydrargy-  i 

1 

Boron, 

B 

=   11 

rum),     .        .        .  ;  Hg 

=  200 

Bromine,  . 

Br 

=  80 

Nitrogen, .        .        .  !  N 

=  14 

Calcium,  . 

Ca 

=  40 

1  Oxygen,    .        .        .0 

=    16 

Carbon,     . 

C 

=   12 

Phosphorus,      .        .  i  P 

=  31 

Cerium,    . 

Ce 

=  141 

Platinum,.        .        .  j  Pt 

=  195 

Chlorine,  . 

CI 

-  35-5 

Potassium  (Kalium),    K 

=  39 

Chromium, 

Cr 

=  52-5 

Silver  (Argentum),   .  1  Ag 
Sodium  (Natrium^  .  1  Na 

=  108 

Copper  (Cuprum) 
Gold  (Aurum), . 

Cu 

=  63  4 

=  23 

Au 

=  196-5 

Sulphur,  .        .        .  •  S 

=  32 

Hydrogen, 

H 

=     1 

Tin(StAnniim),         .  |  Sn 

=  118 

Iodine, 

ll 

=  127 

Zinc,         .        .        .    Zn 

=  65 

Iron  (Ferrum), . 

Fe 

=  56 

1 

1 

INDEX  RERUM. 


1' 
A.B.C.  process,  .  .  117, 

Ablution  rooms,  .  .  514, 

Acanis  faritur,  .  .  287, 

Accessory  foods. 
Acclimatisation, 
Accoutrements,  weights  of. 
Acid,  boracic,  in  mUk, 

carbolic,  as  disinfectant,  447,  449, 

carbonic.     See  Carbon  dioxide. 

hydrochloric,  eflfects  of  vapours, 

mtric,  in  water,        687,  689,  701, 

in  air,  . 

nitrous,  in  water,     687,  702,  703, 

in  air,  . 

as  disinfectant, 

phosphoric,  in  water,       689,  706, 

salicylic,  in  milk, 

-  as  disinfectant, 


silicic,  in  water, 

sulphuric  in  water,      .    687,  699, 

sulphurous.     See  Sulphur  dioxide. 


'A(;e 
457 
522 
288 
246 
408 
651 
736 
455 

166 
709 
724 
709 
724 
446 
710 
736 
450 
689 
710 


Acids  in  beer, 

in  bread, 

in  wine, 

vegetable, 

Actinomyces,  , 
Actinomycosis, 
Adulterations  of  Arrowroot,  . 

beer,     . 

butter, . 

cocoa,  . 

coflfee,  . 

flour,    . 

lime  juice, 

milk,    . 

mustard, 

pepper, 

tea, 

vinegar, 

wine,    . 

.^Eolus  system  of  ventilation, . 
Aeroscoi^e  of  Pouchet, 
African  stations, 

South, . 

West,   . 

Ague.    See  Malarial  fever. 


Air, 


-  amount  of,  required,  . 

for  animals, 

for  lights, 

-  for  the  sick, 


inspired  in  exercise, 

■  composition  of  atmospheric, 

■  distribution  of, 

•  effects  of  impure, 

susiiended  matters  in, 

ga.seous  matters  in. 


-  air  of  respiration, 
■  air  of  combustion. 


136, 


730 
741 
247 
439 
266 
308 
740 
321 
359 
353 
288 
367 
735 
363 
365 
357 
363 
742 
212 
720 
622 
624 
622 

135 
182 
187 
187 
188 
369 
409 
193 
157 
157 
163 
167 
170 


AiB,  effects  of  sewer  air, 

lessened  pressure  of, 

increa.sea  pressure  of, 

electrical  condition  of, 

examination  of, 

by  the  senses,  . 

bacteriological, 


-  chemical. 


—  microscopical, . 

—  rules  for, 

-  suspended  matters  in, 
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171 
405 
407 
411 
719 
719 
724 
721 
720 
725 
720 
144 
154,  179 
403 
137 
148 
144 
151 


-  gaseous  impurities  in, 

-  of  graveyanis, . 

-  humidity  of,    . 

-  impurities  in,  . 

from  combustion, 

from  respiration, 

from  sewage  effluvia, 

from  trade  processes,  154,180-1 

suspended.       .  .        138 

in  external,      .  .        139 

in  inclosed,      .  .        142 

-  of  marshes,      .  .  155, 181 

-  of  mines,  .  .  .        156 

-  of  mountains,  405,  406 
•  movement  of,  how  determined,       217 


-  how  obtained, 

-  its  effects, 

-  in  sewers, 


-  of  ships, 

-  in  the  soil, 

-  supply  of,  how  effected, 
•  its  source, 


temjHjrature  of, 

of  towns, 

' warming  and  cooling  of, 

weight  of. 

Air-meter,  use  of. 
Air-purifiers,   , 
Albuminoids.     See  Proteids, . 
Alcohol,  as  an  article  of  diet, 

physiological  action  of, 

its  influence  on  the  organs,     . 

its  use  in  great  cold  and  heat, 

in  bodily  labour, 

in  mental  work, 

in  deficiency  of  foo<l,  . 

in  war. 


determination  of, 

Alcoholic  beverages,    . 

their  dietetic  use, 

Algcv  in  water. 
Alluvial  soils, 

water  from. 

Altitudes,  correction  for, 

measurement  of, 

Alum  for  water  purification, 

in  beer, 

in  bread. 


194 

404 

112 

156 

1 

189 

193 

398 

154 

193 

405,  428 

217 

435,  444 

241,  246 

333,  339,  349 

333 

336 

342 

343 

344 

344 

344 

737 

328 

349 

r»9,  682 

18,  22 

63 

423 

424 

83 

741 


3b 


754 
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Alum  in  flour, 

in  wine, 

Aluminons  substances  tm  sewage  pre- 

cipitants, 
Amines  process, 
Ammonia,  albuminoid,  in  water, 

in  air,  . 

in  respired  air, 

-  in  town  air, 


■  free  or  saline,  in  water, 

in  air,  . 

in  respired  air, 

-  in  town  air, 


687, 


Ammoniacal  vapours  in  air,   . 
Anchylosiomumf 
'  Anemometers  or  air-meters,    . 
Animals,  air  for,  amount  of,  . 

cubic  space  required  for, 

inspection  of,  . 

water  for,  amount  of, 

Anthrax  in  cattle. 


■  prevention  of, 


Anti-calcaire  for  punfying  water. 

Antiseptics  defined,    . 

Arctic   Expedition,   work  of   sledge 


PAOB 

303 
748 

117,  457 
118 

700,708 
723 
147 
155 

699,  708 
723 
147 
155 
166 
80 

217,  431 

187 

192 

264 

33 

266,274 
478 
83 
444 


parties  in, 
"Areality,"  . 
Argo,  case  of,  . 
Army  corps,  strength  of, 

statistics. 

Arrowroots,     . 
Arsenic  in  water, 

poisoning  by,  . 

Arum  arrowroot. 
Artesian  wells, 

water  from, 

Ascaris  lumhricouUs, 
Aspirators  for  measuring  air, 
Ashes  for  admixture  with  excreta, 
Asses'  milk, 
Atmonieters,    . 
Atomic  weights  of  elements,  . 
Austrian  soldier,  rations  of,    . 
Averages  and  means,  . 


880,  note 

499 

64 

.        671 

575 

308,  310 

689,  707 

161 

309 

37 

53 

79 

720 

128 

314 

430 

751 

541 

496 


Bacillus  anthracis, 

lepra:,  . 

viallei, . 

malaricCy 

aiUmatis  maliffui, 

pneumo7ii(Cy 

• septicus, 

tuberculosis, 

ti/phi  abdominal i.s, 

**  conmia  "  of  Koch,   . 

of  infantile  diarrluea,  . 

of  diphtheria,  . 

of  ei)ideniie  dysentery, 

of  t  INKLER,    ' . 

of  meat  poisoning, 

Neapolita  n  us, . 

of  syphilis, 

of  tetanus, 

Bacteria,  etlects  of  heat  upon, 

in  air,  , 

in  soil, 

in  water, 

Bacteriological  examination  of 

of  water, 

Bahamas, 

Baking  of  meat, 

Ball  traps,        .  .  . 

Barbadoes, 


162, 


162,  439,  441 
439 
439 

156,  439 
439 
439 
439 

438,  439 
439 

438.  439 
439 
439 
439 
439 
439 
439 
439 
439 

440,  441 

140,  153,  162 

19 

681,  712 
air,  .  724 
710 
618 
270 
106 
616 
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Barbadoes  leg,             .            .  .76, 617 

Barley,  structure  of,   .  .        289 

as  an  article  of  diet,    .  304 

Barometers,     .                        .  422-428 

corrections  for,  428-428 

scales  of,          ^           .  .        750 

Barracks,         ....        508 

on  home  service,          .  .        508 

for  infantry,     .  509-515 

for  cavalry,      .            .  ,        515 

in  forts  and  citadels,   .  .        517 

in  hot  climates,            .  .        517 

in  West  Indies,            .  .        610 

ventilation  of,  .  206,  521 

warming  of,     .            .  .        518 

reports  on,       .  .        516 

Bean,  structure  of,      .            .  .        290 

as  an  article  of  diet,    .  .        307 

Bearer  companies,       .            .  .        670 

Bedding,  disinfection  of,         .  441, 448 

Beef  extracts,  ...  .325 

Beer,  composition  of ,  .            .  .        328 

physiological  action  of,  .        329 

dietetic  use  of,             .  .        849 

examination  of,            .  .        739 

adulterations  of,          .  .        740 

Bermuda,         ....        618 
Beverages, 

alcoholic,         .            .  .328 

non-alcoholic,  .            .  .351 

Bilharzia  hoeinaiobia, .  .  .  80,  683 
Birth-rates,  ...  .499 
Biscuits,  .  .  .  299,326 
Black-ash  waste,  as  sewage  precipi- 
tant, ...  117 
"  Blue  milk,"  . 
Boiling  of  meat, 
of  water, 


45S 

318 

278 
82 
75 


Boils  due  to  drinking  water, 
Bones,  diseases  of,  due  to  drinking  water.  81 
Boots  and  shoes,  .  .  .        549 

Boracie  acid  in  milk,  .  .  73<5 

"Bovril,"         ....        325 
Brandy,  .        .  .  .  .332 

Brassfounders'  ague,   .  .  .        16i^> 

Braxy  in  sheep,  .  .  26S,  275 

Bread,  .....        SiX) 

making  of,       .  .  .        301 

niicroscojncal  examination  of,         3U"J 

chemical  and  general  examinalioa 

of,      .  .  .  .        729 

diseases  connected' with,  .        302 

dried,   ....         3-^6 

Brickfields,  air  of,       .  .  .ISO 

Bromine  as  a  disinfectant,       .  .        446 

Bronchial  catarrh  from  impure  water,  SI 

Bronchitis,  mortality  from,  at  home,        5S9 
Brushwood,  effects  of,  on  health,         .  13 

Bubo  plague,  causes  and  prevention  of,        473 
Buckwheat,     .  .  .294,  297,  306 

Burial  of  the  dead,      .  .  .3^2 

Butter,  composition  and  examination  of,    818 

adulterations  of,  .  .        321 

Butterine,        .  .  .  .321 

Cabbage,  .  .  .  .250 

Cakes.  .....        299 

Calculi  due  to  drinking  water,  76 

Calorigen  gas  stove,     .  .  .        23S 

Cambridge  Hosj)ital,  Aldershot,         227,  2^ 
Camps,  ....        »'»29 

size  of,  .  .  .        530 

conservancy  of,  .  .        530 
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Camp  hospital,  .  532 

Canada,  .  .619 

Cape  Coast  Castle,      .  .  623 

Cape  of  Good  Hope,  .  .  .624 

Capillarity,  correction  for,     .  .        423 

Carbalite  as  a  filtering  medium,         .    88,  92 
Carbide,  magnetic,     ...  88 

Carbohydrates,  .  .     241,246,251 

Carbolic  acid  as  a  disinfectant,  447,  449,  455 
Carbon  in  food,  .  .  251,  252 

as  sewage  precipitant,  .        117 

dioxide,  in  atmospheric  air,   .        136 

in  air  of  respiration,    144, 183 

of  barracks,  &c.,      145 

of  prisons,        .        145 

of  schools,       .        146 

of  sewers,        .        153 

of  stables,        .        146 

. of  towns,         .        155 

of  marshes,      .        155 

of  mines,         .        157 

of  soil,  .  2 

effects  of,  in  air,  163 

elimination  of,  370  et  seq. 

estimation  of,  in  air,  .        721 

in  water,  .      43,  684,  696 

disulphide,  in  air,       .  .        167 

magnetic  spongy,        .  .  88 

as  sewage  precipitant,        118 

as  filter  for  sewage,      120,  453 

manganous,     ...  88 


-  monoxide,  poisoning  from, 


•  organic,  in  water, 
patent  porous,  as  deodorant. 


164 
692,  note,  705 


453 

706 

17 

131 

166 

7 

266 

268,  276 

453 

515 

547 

516 

551 

515 

384 

119 

180 

475 

115,  151 

629 

17 

52 

86,89 

87 

128,  453 

444 

324 

321 

444 

353,  355 

656 

457 

695,  708 

445 

Chloride  of  zinc  as  a  disinfectant,      .        445 

Chocolate 360 

Cholera,  causes  and  prevention  of,      466-472 
specific  contagium  of,      438,  439,  466 


Carbonates,  alkaline  and  earthy,  in 

water. 
Carbonic  acid.    See  Carbon  dioxide. 
Carbonifitrous  soils,     . 
Carbonisation  of  excreta, 
Carburetted  hydrogen, 
Catarrh  dependent  on  soil,     . 
Cattle,  diseases  of, 

plague,  .  .    266, 

disinfection  in, 

Cavalry  barracks, 

heail-dress  of, . 

stables, 

weight  of  dress  and  kit. 

Cells,   .... 

Cellular  cloth. 

Cement  process,  Scott's, 

works,  air  of,  . 

Cerebro-spinal  meningitis. 

Cesspits, 

Ceylon,  ... 

Chalk  soils,     ... 

water  from, 

Charcoal  as  filtering  medium,  animal 

vegetable, 

' for  admixture  with  excreta, 

as  disinfectant, 

Charqui, 
Cheese, 

Chemical  disinfectants, 
Chicory, 
China,  . 
Chloralum, 

Chlorine  in  water,       .  43,  687, 

-  as  a  disinfectant. 


Cholera,  disinfection  in, 

and  drinking  water, 

'    and  milk. 


•  and  sewerage, 
-  and  soil  (ground  water), 
■  in  Egypt, 
'  idia. 


in  Indi 

in  Malta, 

CirruSy  &c.,      . 
Cisterns,  cleansing  of, . 

materials  for,   . 

Clay  soils, 

water  from, 

lias,  water  from, . 

slate  soils, 

•  water  from. 


Climate, 

effects  of, 

of  Bermuda,    . 

of  Canada, 

of  Ceylon, 

of  Cyprus, 

of  Egypt, 

of  Gibraltar,    . 

of  Hong  Kong, 

of  India, 

of  Malta, 

of  Mauritius,   . 

of  Singapore,   . 

of  South  Africa, 

of  West  Africa, 

of  West  Indies, 

Clothing,  materials  of, 

chemical  reaction  of  fabrics, 

general  conclusions  as  to, 

waterproof, 

disinfection  of, 

effects  of  heat  upon,    . 

of  the  soldier,  .  .         [ 

■  in  India, 


Clouds, 

Coal,  combustion  of,  . 

Coal  gas.     See  Gas,  coal, 

Coca,    .... 

Cocoa, .... 

Coffee,. 

adulterations  of, 

physiological  action  of. 

Coke,  as  filtering  medium. 
Collecting  stations. 
Collection  of  samples  of  water, 

of  supply  of  water, 

"Comma"  MciiluSyOT  svirUluin,  438, 
Combustion,  air  vitiated  by,  .     148, 
Concentrated  and  preserved  food. 
Condiments,     . 
Conduction,  warming  by, 
"  Cones  "  flour, 
Constant  supi)ly  of  water, 
Contagia,  nature  of  the, 

uio<les  of  spread  of,     . 

specific,  in  air. 

Contagion,  definition  of. 
Contagious  Diseases  Acts, 
Convection,  wanning  by. 
Cooking  of  flour, 

of  meat, 

in  the  field. 

Copper  in  water,  .  81,  688, 

Corn  flour. 

Cotton,  structure  of,  . 

as  an  article  of  dress,  . 

"Cotton-soil"  of  India, 
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451 

69 

317 

125 

10 

608 

648 

605 

432 

38,39 

39 

18 

53 

52 

17 

51 

896 

397 

618 

619 

630 

607 

608 

598 

657 

632 

603 

627 

658 

624 

622 

609 

383 

383 

888 

888 

441,  448 

442 

3  ei  seq. 

544 

482 

148 

148 

360 

359 

851 

353 

351,  352 

87 

670 

676 

35 

439,  466 

150,  170 

328 

361 

236 

299 

41 

436 

439 

162 

436 

491 

236 

299 

278 

664 

6S9,  707 

806 

383,384 

384 

4 
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Cowls,  .  196,200 

Cream,  .    315,732,736 

Creaming  of  milk,       .  .  .        736 

Cremation,       ....        394 
Cryptococcus  xanihogenicuSf  .  .        439 

Cubic  space  required  in  dwellings,    .        189 

m  barracks,     .  .  .        191 

in  hospitals,    .  .  191,  192 

in  Indian  barracks,     .  .        518 

for  animals,     .  .  192 

measurement  of,  .  .        215 

Cultivated  soils,  ...  18 

Cumulus y  &c.,  .  .  .        482 

Cupralum,       ....        457 
Curcuma  arrowroot,   .  .  .        309 

Cyprus,  ....        606 

Cysticercus  ceUutosce,  .  .    267,  269,  276 

"Dal,"            ....  308 

"Damper,"     ....  299 

Darnel  or  *'  drake,"    ...  298 

Dead,  disposal  of  the,             .           .  392 

Death,  mean  age  at,    .            .           .  500 

causes  of,  in  the  Army.   See  Mortality. 

rates,    ....  499 


•  influence  of  sewer  con- 
struction on,  ... 
Delhi  boil,  due  to  drinking  water^ 
Deng^ue,  causes  and  prevention  of. 
Density  of  population. 
Deodorants,     . 
Deodorisation  of  sewage, 
Deo<iorising  powders  for  excreta, 
Desmids  in  water, 
Dew,  as  source  of  water  supply. 
Dew-point, 

-  calculation  of, 


Diarrhaa,  causes  and  prevention  of, 

and  soil  (ground  water), 

from  drinking  water, 

from  sewer  air, 

Diatoms  in  water, 

Diet,  general  principles  of, 

standard  for  adult*<, 

for  subsistence, 

for  rcvst, 

for  oriHuary  work, 

for  laborious  work, 

for  soldiers  in  the  field. 

Diets,  table  for  calculating, 
Diffusion  of  air,  in  ventilation. 
Digestibility  of  food,  . 
Diphtheria,  disinfection  in, 

and  soil, 

and  drinking  water, 

from  sewer  air, 

from  milk, 

speeilic  eontagium  in, 

Disease,  prevention  of, 
Disinfectants  and  deodorants  t 


defined 
Disinfection  and  deodorisation, 

apparatus  for, . 

by  beat, 

■  by  chemical  agents, 

of  clothes  and  bedding, 

in  various  diseases. 

Distillation  of  water,  . 
Distilled  water, 
JHsUnita  hepatic  urn,     . 
Dock  )H  i  us  d  tOKle  /lalis, 
Drainage  of  soil. 
Drains,  cleansing  of,    . 

■  connection  of,  with  house  pipes, 


125 

76 

179,  466 

499 

435,444 

453-459 

130 

682 

47 

419 

420 

480 

10 

59 

173 

682 

240 

248 

247 

247 

248 

249 

249 

250 

194 

7,  260 

452 

11 

75 

176 

317 

439 

460 

435,  444 

435 

441  e*^  seq. 

441 

444 

441 

450-453 

82 

49 

79,  266 

80 

6 

105 

104 


PAGE 

Drains,  construction  of,  .  .        104 

definition  of,    .  .  104,  noU 

examination  of,  .  110,  222 

fall  of, .  ...        106 

flushing  of,       .  .  .        105 

junctions  of,    .  .  .        106 

laying  of,         .  .  .        105 

Dressing  stations,  .        670 

Dry  closets,     .  .  .  .131 

Dry  methods  of  removal  of  excreta,    127-132 
Durham  system  of  drainage,  .  .        105 

Dust  in  air,     .  .         139,  141,  143, 157 


-  examination  of, 


Dysentery,  causes  and  prevention  of, 

disinfection  in, 

and  soil  (^ound  water), 

and  drinking  water, 


•  from  sewage  irrigation, 

in  war. 

Dyspepsia  and  drinking  water, 


720 

480 

452 

11 

61 

123 

668 

59 


Echinococcus  disease, 
Efifluent,  condition  of,  after  filtration, 
lifter  irrigation. 


Earth,  for  admixture  with  excreta,  129,130,454 
closets,  .  .  129,131 

277 
120 
122 
322 
827 
008 
132 
411 

Electricity,  as  illuminant,       .  .        149 

Electrolysis  for  sewage  purification,  .        118 
Elevation,  efi'ects  of,  on  health,  .         12 

Encampments.     See  Camps,  .  529-532 

Energy  obtainable  from  food,  242,  253 

Enlistment  of  recruits,  .  .        508 

Enteric  fever,  causes  and  prevention  of,    474 


-  dried,  . 
Egypt, 

Ejector  svstem,  Shone's, 
Mectrical  condition  of  air, 
estimation  of. 


specific  eontagium  in, 

disinfection  in, 

and  soil  (ground  water), 

and  drinking  water,    . 

and  sewage  irrigation, 

effects  of  sewerage  on, 

from  sewer  air, 

from  meat, 

from  milk, 

in  Bermuda,     . 

in  Egypt, 

in  India, 

on  active  service, 

Entomostraca  in  water, 
Entozoa  and  drinking  waterj 

and  sewage  irrigation, 

Ephrstia  elntella, 
Epidemic  pleuro-pneumonia, 
Equipment  for  infautr>', 

new  valise, 

Erbswurst, 

Ergot,  test  for,  in  flour, 

Ergotism, 

Error,  mean,    . 

])robable, 

of  mean  square. 


Erysipelas,  causes  and  prevention  of, 

mtcrococcius  of, 

Enisipelas     carbuncidosum      (black 


quarter), 
Eucali/jdus  globulus^ 
Euchlorine, 
Evaporation,    . 
Examination  of  air. 


439 

451 

8 

66 

123, 124 
125 
173 
277 
317 
619 
608 
651 
668 
683 
79 

123,  124 
2S8 

266,  274 
55^ 
557 
326 
729 
806 
496 
496 
496 
476 
439 


266,275 

13 

416 

429 
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Examination  of  bread, 

of  beer, 

of  flour, 

of  milk, 

of  sites, 

of  soils, 

of  sugar, 

of  water, 

of  wine, 

Exanthemata,  disinfection  in. 
Excreta,  amount  of  solid  and  liquid, 

carbonisation  of, 

decomposition  of 

disposal  of, 

comparison  of  methods, 

removal  of, 

by  water, 

-  amount  recjuirvd, 


by  separate  system, 

— ^—  by  dry  methods, 

Berlirr  system, 

Liernur's  system, 

Shore's  ejector. 

Exercise, 

physiological  effects  of, 


-  amount  which  should  be  taken, 


-  calculation  of  work  done, 


Extraction,  ventilation  by, 
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729 
739 
727 
732 

26 
23,24 
732 
676 
741 
450 

96 
131 

97 
115 
133 

96 
100 
101 
126 
127 
132 
132 
132 
369 


378 
379,  380 

208 


Factories,  air  of,  .  144 

Fscal  emanations,  effects  of,  .  177 

Fans,  ventilation  by,   .  212,  213 

Farcy,  .....  277 
Fats,  ....  241,246,251 
Ferralum,  ....  457 
Fever,  continued,        .  .  .        5S9 

Malta,  or  Mediterranean,        .        475 

enteric.     See  Enteric  fever. 

malarial,     ike  Malarial  fever. 

paroxysmal.     See  Malarial  fever. 

relapsing.     See  Relapsing  fever. 

scarlet.     See  Scarlet  fever. 

typhoid.     See  Enteric  fever. 

typhus.     See  Typhus  fever. 

yellow.     See  Yellow  fever. 

Fevers,  mortality  from,  at  home, 
Field  Hospitals, 
Filaria  dracunculi/s,  . 
Filaria  sanguinU  homhiiff    . 
Filters,  various  foniis  of, 

block,  . 

campj 


•  cistern  and  pipe, 

-  cleansing  of,    . 

-  essentials  of  good, 

-  pocket, 

•  service, 


Filtration  of  water,     . 

materials  for,   . 

of  sewage, 

—  definition  of, 


Fish, 


-  poisoning  from. 


Floor  space  in  hospitals. 
Floors  m  hospitals,     . 
Flour,  .... 

adulterations  of, 

cooking  of, 

diseases  of, 

diseases  connected  with, 

examination  of,  chemical, 

microscopical, 

physical. 


590 

670 

80 

80,683 

88 

91 

94 

91 

90 

89 

93 

91 

84 

84-86 

119 

119 

280 

281 

225,  229 

226,  230 
283 

288,289 
299 
287 
302 
728 
283 


Flush  tank.  Field's,  . 
Food,  .... 

amount  of,  required,  . 

concentrated  and  preserved, 

deficiency  of,  its  effects, 

digestibility  of, 

diseases  connected  with, 

energy  obtainable  from, 

excess  of,  its  effects,    . 

classification  of  various  kinds 

of,      . 

exammation  of  various  kinds 

of  the  soldier,  . 

at  home, 

-  in  India, 


—  Austrian, 

—  French, 

—  German, 

—  Italian, 

—  Russian, 

—  Sepoy.  . 
•  United  States, 


266, 


Foot  and  mouth  disease, 
Forts,  barracks  in, 
Foreign  service, 
French  soldier,  rations  of. 
Friction  in  ventilation. 
Fumigation  of  clothes. 
Fungi  in  water, 


Gangrene,  hospital,  prevention  of, 

from  impure  air, 

Gas,  coal,  composition  of, 

standard  of  purity  of, 

amount  of  air  required  for, 


-  passing  into  water  pii>es. 


Gaseous  substances  in  air, 

in  water. 

Geological  conditions  of  soil, 

terms  explained, 

German  soldier,  rations  of, 

Gibraltar, 

Gin,      .... 

Glanders^ 

Goat's  milk,     . 

Goitre  due  to  drinking  water. 

Gram  (kind  of  pea),    . 

Granite  soils,  . 

Granitic  rocks,  water  from.    . 

Grates, 

Gravel  soils,     . 

water  from,      . 

Graveyards,  air  of,  154, 

water  fronj, 

Grease  traps,   . 

Ground  water, 

Guani  rooms,  . 

Guiana,  British, 

Gynmasium  and  gymna.stic  exercises, 

<luties  of  medical  officer  in, 

Habitations,  . 

conditions  for  ensuring  healthy 

dryness  of,  essential, 

warming  of, 


PACE 

105 
240 
247 
323 
259 
257 
258 
253 
258 

240,246 

of,  727 
533 
533 

535,  642 
541 
538 
539 
541 
541 
542 
542 

276,  316 
517 
598 
538 
197 
443 
681 

477 
170 
148 
149 
187 

56 
144 
684 
16,51 

24 
539 
598 
332 
277 
314 

77 

308 

17,23 

51 
236,238 

18 

5> 


"  Haematozoaires  "  (Lavrran), 

Halifax,  Nova  Scotia, 

Hardness  of  water, 

Hay  fever. 

Healthy  and  unhealthy  soils, 

Heart  disease,  mortality  from,  at 

effect  of  dress  on. 

Heat,  effects  of,  in  sun. 


179 
53 
109 
5 
514 
618 
558 
560 


59, 


home, 


220 
220 
221 
234 

439,  461 
621 

695,  710 

161 

16 

586 

588 
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Heat,  effects  of,  in  shade, 

as  a  disinfectant, 

-  effects  of,  on  clothing, 


Heating.   See  Warming, 
Heatstroke,  prevention  of 
Heights,  barometric  correction  for, 

measurement  of, 

Helmets  and  head-dress. 

Herbage,  effects  of,  on  health, 

Herbert  Hospital,  Woolwich, 

Hill  stations  in  India, 

Hominy, 

Honduras, 

Hong  Kong,    . 

Hbrses,  amount  of  air  for, 

cubic  space  for, 

-  amount  of  water  for. 


PAGE 

400 
440 
442 
234 
483 
423 
424,  426,  42S 
647 
13 
230,231 
637 
306 
618 
656 
187 
192 


mortality  from  impure  air. 

Hospital  wards,  size  of, 

encampment,  . 

maniuee, 

ships,  . 

Hospitals,  air  of, 

arrangement  of, 

cubic  space  required  in, 

supply  of  air  to, 

supply  of  water  to, 

ventilation  of, . 

degree  of  warmth  for,  . 

for  infectious  diseases, 

in  India, 

in  the  field, 

House  pipes,  . 
Houses^  warming  of,  . 
Humidity  of  the  atmosphere, 

determination  of, 

relative  and  absolute, 

of  respired  air. 

Huts,  Docker, 

war,     . 

wooden, 


135 

229,  231 

532 

525 

660 

142 

225 

191 

188,  224 

34 

208,  226 

235 

232 

232 

671 

104 

234 

136,  403 

419 

421 

146,  189 

52.'l 

523,  672 

522,  672 

Hydraulic  nieau  de]»tli,  .  .         Ill 

Hydro-carbons,  .  .241,  246,  251 

Hydrogen  in  food,      .  .  251,  252 

Hydrogen  carbide,  effects  of,  in  air,  .         166 

sulphide,  effects  of,  in  air,      165,  172 

in  water,  60,  76,  686,  687 

Hydrometer,  SiKEsi',  .  .  .738 

Hydronaphtliol,  .  .  .         449 

Hygrometers,  .  .  .  419,  421 

Ice  water,  composition  of,      .  .  47 

lUuiiiinants,  comparison  of,  .  .  149 

Impurities  in  air,        .            .  .  137 

effects  of,          .  .  157 

iu  water,          ...  51 

effects  of,         .  .  57 

Incubation  periods  of  zymotic  diseases,  480 

Index  error,  correction  for,    .  .  423 

India,  .  .  .  .  .631 

the  couiitrj'  and  climate,  .  632 

ban-acks  iu,     .            .  .  517 

cholera  in,       .            .  .  648 

clothing  iu,      .            .  .  544 

diseases  of  the  natives  in,  .  639 

enteric  fever  in,           .  .  651 

food  of  the  soldier  in,       535,  542,  642 

habits  of  the  troops  iu,  .  641 

head-dress  in,  .            .  .  547 

health  of  the  troops  in,  .  643 

hill  stations  in,            .  637,  640 

hospitals  in,     .            .  .  232 

hygienic  conditions  in,  .  640  i 


India,  invalid  L 

marchi 

mortal] 

mortal 

phthisi 

sicknec 

tents  f( 


Indian  com.  < 
Individual  hyj 
Infantry  barrs 

head-d 

weight 

Infectious  ais< 
Infusoria  in  "w 
Insolation.  & 
Interception  s 
Intermittent  d 

supply 

Invaliding  on 

in  Indi 

Iodine  as  a  di& 
Iron  in  water, 

magnel 

magnel 

perchlc 

pipes,  : 

salts,  a 

spongy 

water, 

-spongy 
-  soils  ai 


Irrigation,  sew 

definiti 

effects 

Isocheimonal  1 
Isothermal  an< 
Italian  soldier, 


Jamaica, 
Jute, 

Kit  of  cavalry 

mode  o 

Kitchens  in  ba 
Kola  nut, 
Koumiss, 

I^rilx)isiere  ho 
Laterite, 
Lath yr us  saiiv 
Latitude,  baroi 
Latrines  and  u 
Lead,  in  water 


tion  o: 
-  in  flour 
•  pii>cs  fc 


■  cisterns 
-  nitrate. 


Leather, 
Leeches  in  drin 
Leguminoscr,    . 
Lemon  juice,    . 
Lentils, 

Leprosy,  cause; 
specific 
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PAGE 

Liebig*s  Extractum  camis,     .  .        324 

Life,  mean  duration  of,  .  .        500 

probable  duration  of,  .  .        500 

expectation  of,  .  .        500 

lighting  purposes,  amount  of  air  for,  187 
LimejuiCjB,  ....  366 
Lime  m  water,  687,  695,  696,  697,  698 

Lime  salts,  as  sewage  precipitants,     117,  454 

in  water,  efl^ts  of,     .  .  61 

Limestone  soils,  ...  17 

water  from,     ...         52 

limewater,  for  purifying  water,  .  83 
linen, .....  384 
Linseed,  structure  of, .  .  .        294 

liver  diseases,  causes  and  prevention  of,  482 
Lolium  temulerUum,    .  .  296,  304 

London  water  supply,  .  .         30 

Macaroni,  ....  299 
"Made  "soils,  .  .  .  18 

Magnesia  in  water,  .  77,  688,  696,  698,  699 
Magnesian  limestone  soils,     .  .    17 

■  water  from. 


,23 

52 

salts,  as  sewage  precipitants,  117,  458 

290 


Maize,  structure  of, 

as  an  article  of  diet,    . 

diseases  connected  with. 

Malaria,  and  drinking  water, . 

distribution  and  spread  of, 

effects  of  elevation  on, 

as  a  cause  of  dysentery. 


306 


Malarial  fevers,  dependent  on  soil,    . 

causes  and  prevention  of, 

at  Cvprus, 

at  Mauritius,   . 

Malarious  soils, 

Malta, 

fever,   . 

Manganese  as  sewage  precipitant. 

Manholes,        .... 

Manihot  arrowroot,    . 

Manometer,  use  of,      . 

Manure  manufactories,  effects  on  health, 

Marches,  during  war, . 

duties  of  medical  officers  during, 

effects  of,         . 

-  length  of, 


410 

410 

482 

7 

461 

607 

627 

21 

603 

439,  475,  605 

117 

108 


Marching, 

length  of  step  in, 

in  Canada, 

in  India, 

Mare*s  milk,    . 
Margarine, 
Marly  soils,     . 
Marquee,  hospital, 

cubic  contents  of. 

Married  soldiers'  quarters,     . 
Marshes, 

air  of,  . 

water  from, 

Mauritius, 

Means,  arithmetical,  &c., 
Measles,  disinfection  in, 
•  prevention  of,  . 


562  et 
563, 

*571, 


155, 


Meat, 


•  biscuits, 

-  cooking  of, 

-  diseases  arising  from, . 

■  dried,  . 

-  extracts, 

■  flour  of, 

-  inspection  of,  . 

-  juices,  . 


323, 
324, 

324, 


219 
178 
566 
571 
568 
565 
seq. 
564 
573 
573 
314 
321 

18 
525 
217 
513 

22 
181 

53 
627 
496 
450 
476 
262 
326 
278 
271 
324 
325 
324 
267 
3*25 


PAGE 

Meat,  microscopic  examination  of,  .        269 

peptones,         .           .  .        326 

preservation  of,           .  .        279 

salt,     ....        271 

Mediterranean  fever,  .  .    439,  475,  605 

stations,           .           .  ,        598 

Mdampyrum  arvense,            .  .        296 

Mercury  and  zinc  cyanide,     .  .        450 

Mercurial  poisoning,  .            .  81,  161 

Mercuric  cnlori<le  as  disinfectant,  449,  454 

Messing,  scale  of,        .            .  .        534 

Metallic  poisoning  by  water,  .  .    61,  81 

Metaniorphic  rock  soils,         .  .          17 

water  from,      ...  51 

Meteorological  instruments,  .  .        412 

reading  of,       .            .  412 

Meteorology,    ....        412 

Metrical  weights  and  measures,  749 

Micrococcus  erysipelcUis,        .  .        439 

gonorrneaSy       .            .  .        439 

of  Aleppo  boil,            .  489 

of  Malta  fever,            .  .        439 

of  pneumonia,             .  .        489 

of  pus,.            .            .  .439 

of  scarlatina,    .            .  .        439 

of  yellow  fever,  439 

Micro-organisms  in  external  air,  .        139 

effects  of,  162 

in  rooms,         ,  142 

in  sewer  air,     .  153 

in  marsh  air,    .  156 

in  air  of  mines,  .        156 

in  soil,             .  .          19 

in  water,          .  .        712 

pathogenic,      .  .        439 

Mid  feather  traps,        .  .        106 

Milk, 313 

adulterations  of,          .  .        735 

diseases  connected  with,  .        316 

tlried  and  concentrated,  .        327 

examination  of,           .  .        732 

preservation  of,           .  .        316 

from  goats,  asses,  mares,  .        314 

from  diseased  cows,     .  315,  318 

Millet,             .           .           .  296,306 

Millstone  grit,  water  from,     .  .          51 

Mines,  air  of,  .           .           .  144,  156 

ventilation  of,  .            .  .        209 

Miners,  mortality  amongst,    .  158,  159 

Mortality  on  home  service,     .  .        578 

in  various  armies,        .  .        579 

in  India,          .            .  .        645 

in  war,             .            .  .        667 

Mountain  air,  .            .  405,  406 
**  Mountain  fever  "  from  drinking  water,     65 

Movement  of  air,         .            .  .        404 

Mussels,  poisoning  from,        .  .        281 
Mustard,          ....        363 

Mytilotoxiu,    .           .           .  .282 

Nervous  diseases,  mortality  from,  at  home,  589 

Neuralgia,  dependent  on  soil,.  .           7 

Nimbus,          .            .            .  .432 
Nitric  acid.     See  Acid,  nitric. 

Nitrification  in  soil,    .            .  .20,  709 

Nitrogen  in  food,         .            .  251,  252 

organic,  in  water,        .  692,  note 

elimination  of,  in  exercise,  370  et  seq. 

Nitrogenous  aliments,             .  .        241 
Nitrous  acid.    See  Acid,  nitrous. 


Oat,  structure  of, 

as  an  article  of  food. 


291 
306 
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Oatmeal, 
(Hdium  lactiSf 
Oil  as  illuminant, 

•  amount  of  air  for, 


PAGE 

305 
318 
149 
188 
321 
61 


Oleo-margarine, 
Oolite,  water  from, 
Ophthalmia  in  Egypt, 

military,  causes  and  prevention  of,  486 

Organic  matter  in  water,         .  .  64 

effects  of,         .  68 

detection  and 

estimation  of,  688,  698,  703 

in  external  air,  .        141 

in  air  of  hospitals,       .        148 

in  respired  air,     146,  148,  184 


•  in  air  of  sewers,  .  153 

•  in  air  of  marshes,  .  156 
-  in  air  of  soils,  .  .  2 

Ossification,  dates  of, .            .  .  603 

Oxidi sable  matters  in  water,  .  688,  703 

in  air,      .  .  724 

Oxyiiris  vermicuUiris,             .  .  80 

Ozone,              ....  409 

estimation  of,  . 

as  disinfectant, 

Paddy  (rice),    .... 
Paramcecium  in  water, 
Parliament  Houses,  ventilation  of,     . 
Paroxysmal  fevers.    See  Malarial  fevers. 
Pea,  structure  of,         . 

as  an  article  of  food,    . 

-  sausage. 


Pellagra, 

Peniniicau,       .  .  .  250, 

Pepper, 

Pendinium  iu  water, 

Pennanganate    of   potassium.      See 

Potass,  pernian. 
Phosphoric  acid  in  water,       .     689,  706, 
Phthisis,  dependent  on  soil,    . 

and  sewerage,  . 

among  miners, 

due  to  dust,     .  .  159, 

•  from  vitiated  air, 

etfects  of  altitu<le  upon,  4Cfe, 

prevention  of, 

mortality  from,  at  home, 

in  India, 

Pipes  for  water.     See  Water  pipes. 
Pil>€s  and  drains.     Sec  Drains. 
Plague,  Oriental  or  Pali,  causes  and 

prevention  of,  .  .  . 

Pleuro-pneumonia,      .  .  266, 

Pneumatic  air  plan,  LiKRNUU's, 
Pneumonia,  from  vitiated  air, 

mortality  from,  at  home, 

Poisoning  from  meat,  .  .  271, 
from  tish  and  shellfish. 


447 

306 
682 
213 

290 
307 
313 
306 
324 
364 
682 


710 
7 
125 
158 
160 
168 
407 
478 
582 
653 


Polurite,  as  filtering  inediuni, 

as  sewage  precipitant,  118, 

Poi)ulation,  density  of, 

specific, 

Potassium  permanganate,  for  purify- 
ing water,     ...  * 

as  air  purifier,  . 

as  sewage  deodorant, 

processes    in    water 

analysis,        .  .  .  703- 

Potato,  as  an  article  of  food,  . 

dried,    .... 

starch,  detection  of,    . 

Poudrette,   .... 


473 
274 
132 
170 
589 
272 
281 
88 
453 
499 
499 

83 
445 
455 

•706 
311 
326 
290 
127 
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Precipitation  of  sewage,  .        116 

Preparation  of  site,     ...  27 

Preservation  of  meat,  .  .  .279 

Preserved  food,  .        828 

Prevention  of  disease,  .  .        460 

*'  Previous  sewage  contamination,**   690,  note 
Proof  spirit,  .  .  .788 

Propulsion,  ventilation  by,     .  .        212 

Proteids,         .  .  .     241, 246,  251 

Paorospermiaj  .  .        289 

Puccinia,        .  283,  287 

"Pugging,"      ....        222 
Punkahs,         .  213,521 

Purification  of  water, ...  82 

Quarantine  in  cholera,  467 
in  yellow  fever,           .             .        464 

Rabies,  meat  from  animals  affected  with,  276 

Radiation,  heating  by,            .  .        235 

thermometers,  .           .  413,  414 

Raggy,  ....        806 

Rain,  as  source  of  water  supply,  .          35 

calculation  of  yield,    .  86,  750 

Rainfall,  estimation  of,           .  .        428 

causes  of,  and  amount  of,  .        429 

in  India,  635,  640 

Rain-gauge,     ...  .428 

Rain-water,  composition  of^   .  46,  60,  64 

Rations  on  home  service,        .  .        533 

on  active  service,  .        696 

of  foreign  armies,  688-643 

Recruit,  age  of ,            .            .  .        503 

enlistment  of,              .  .        502 

height  and  weight  of,  .  .504 

mental  training  of,       .  .        505 

moral  training  of,        .  .        506 

physical  training  of,    .  605,  560 

sickness  and  mortality  of,  .        507 

Regur,  or  cotton-soil  of  India,  .    4,  633 
Relapsing  fever,  causes  and  prevention  of,  475 


-  specific  contagium  of, 


Reservoirs,  cleansing  of, 

materials  for,   . 

Res])iration,  air  vitiated  by,    . 

effects  of  heat  on, 

Respiratory  diseases  of  miners, 

due  to  dust, 

from  vitiated  air, 

impurity. 

Rest,  diet  for,  . 
"  Revalenta,"  . 

Rheumatism  dependent  on  soil, 
Jihizopoda  in  water,    . 
Rice,  structure  of, 

as  a  food, 

Rin<lerj>est.  Sec  Cattle  plague. 
Rivers,  discharge  of  sewage  into, 
River-water,  composition  of,  . 

as  a  source  of  supply, 

measurement  of  yiehl. 

Roasting  of  meat, 

Roburite, 

**  Rock  fever," 

Rotheln,  disinfection  in, 

Rum,    .... 

Russian  soldier,  rations  of. 

Rye,  structure  of, 

as  a  food, 

diseases  connected  with, 

Sago,     .... 
Salicylic  acid  in  milk, 


439 

.    38,39 

39 

144,167 

401 

158 

159,  160 

168,  170 

185 

247 

308 

'.  682 
292 
306 

115 

.    47,  50 

36 

36 

279 

165 

601 

450 

332 

541 

293 

3^^ 

306 
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Salicylic  acid  as  disinfectant, 

Salt,     .... 

Salt  meat, 

Salts  in  food,   . 

Salufer, 

Sand  and  gravel  as  filtering  media, 

Sandstone  soils, 

water  from, 

Sandy  plains  and  malaria, 

soils,    . 

water  from, 

Sanitary  inspection  of  houses, 

officer,  duties  of,  in  the  field, 

SanitaSy 

Sanitation  in  the  field, 

Sausage-poisoning, 

Scarlet  fever,  dismfection  in, . 

and  drinking  water,    . 

and  milk, 

prevention  of,  . 

Schools,  natural  and  artificial  ventila- 
tion of,  compared,    . 
Scurvy,  causes  and  prevention  of, 

in  war. 

Sea,  discharge  of  sewage  into, 

Selenitic  waters, 

Separate  system  of  sewage  removal, 

Sepoy  diet, 

Service,  effects  of  foreign, 

military, 

Sbwaqe,  composition  of, 

decomposition  of, 

deodorisation  of, 

discharge  of,  into  rivers, 

mto  the  sea,    . 

disposal  of, 

fanns,  . 

filtration  of,     . 

interception  system  of  removal, 

irrigation  of,     . 

■  effects  on  health, 


•  precipitation  of, 
■  removal  of 

by  dry  methods, 

-  by  wet  methods. 


■  separate  system  of  removal. 


PA6B 

450 

366 

271 

245,  247 

449 

84 

17 

52 

22 

18 

52 

222 

669,  674 

457 

669 

271 

450 

75 

317 

476 

214 

484 

668 

116 

52 

126 

542 

598 

574 

98,99 

97 

453 

115 

116 

115 

121,  12:3 

119,  120 

*       127 

121 

123 

116-119 

96 

127-132 

100 

126 

115 

133 


storage  in  tank  with  overflow, 

com^mrison  of  different  methods 

of  removal  and  disposal  of, 
Sewerage.     See  Sewers. 
Sk^'ER8,  ....  98 

air  of,  composition,     .  151 

effects  of,  .  .        171 

amount  of  water  for,  .  .        101 

construction  of,  .  101,110 

deposits  in,      .  .  .        114 

discharge  from,  .  Ill 

fall  of,  .  .  .111 

flushing  of,       .  .  .        114 

influence  of,  ou  death-rate  of 

towns,  .  .  .        125 

inspection  of,  .  .  .        114 

movement  of  air  in,     .  .112 

objections  to,  .  .  .        124 

ventilation  of,  112,  113 

Ships,  air  of  holds,      .  156 

for  hospitals,   .  .660 

for  troops,        .  659 

service  on  ])oard,  659 

ventilation  of, .  210 

Shoddy,  detection  of, .  .  .        387 

Shoes  and  boots,  .  549 

Sicherheit  explosive,  .  .        165 


I'AOK 

Sickness  on  home  service,       .            .  591 

causes  of,         .            .  593 

in  military  prisons,     .            .  595 

Sieges,             ....  675 

Sierra  Leone,   ....  622 
Silica  in  water,                        .            689, 707 

Silk, 386 

Sinmpore,       ....  658 

Siphon  traps,  ....  106 

Sites,  examination  of,             .           .  26 

preparation  of,            .            .  27 

Skin  diseases,  due  to  drinking  water,  76 

Smallpox,  disinfection  iu,       .            .  450 

in  animals,       .  .  266,  276 

prevention  of , .            .            .  476 


Smoke  test  for  drains, 
Snow  water,  its  composition. 
Soap  test  for  hardness  of  water, 
Sodmm  carbonate  for  purifying  water, 

manganate  as  sewage  deodorant, 

Soil  pipes,  ventilation  of. 
Soils,  .  .  .  . 

air  in,  . 

conformation  of, 

diseases  connected  with, 

drainage  of, 

elevation  of,     . 

examination  of, 

general  features  of, 

geological  conditions  of, 

ground  water  in, 

healthiness  of, 

heat,  absorption  of,  by, 

of  India, 


110 

47 

696 


light,  reflection  of,  by, 

malarious, 

micro-organisms  in,     . 

moisture  of,     . 

porosity  of, 

8oli<l  constituents  of,  . 

vegetation  of,  . 

water  in, 

Soldier,  clothing  of, 

food  of, 

service  of, 

work  of. 


Soldierly  qualities, 

Solutions,  preparation  of  standard, 

Somerset  trap. 

Spirillum  Ohenneien\ 

cholenn  Asiaticce, 

Spirits,  composition  of. 
Splenic  fever,  or  apoplexy. 
Sponge  as  filtering  medium, 
SiK)ngy  iron  as  filtering  medium,  87, 89, 91, 93 
for  sewage. 


488, 


455 

103 

1 

1 

12 

7 

6 

12 

23 

12 

16 

5 

16 

13 

632 

16 

21 

19 

4 

2,3 

15 

12 

4 

543 

533 

502 

558 

595 

746 

109 

439 

439,466 

332 

266,275 

86 


120 

47,50 

36 


Spring  water,  composition  of. 
Springs,  as  source  of  water  supply, 
Stables,  .  .  .     146,185,516 

Starch  grains,  microscopical  examination 


of. 

Starches  and  sugars. 
Statistics, 

in  war, 

army,  . 

vital. 


Steam  jet,  ventilation  by. 

Stewing  of  meat, 

Storage  of  water,  calculation  for, 

Stoves,  and  their  danger, 

Straits  settlements,     . 

Stratus , 

St  Helena, 


283-299,  310 
241,  308 
494 
578 
576 
498 
211 
279 
38 
238 
658 
432 
626 
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St  Lucia, 

Subsistence,  diet  for,  . 
Subsoil  and  surface  water, 
Sugar, 

examination  of, 

Sulphides,  alkaline,  in  water, 
Sulphur  in  food. 
Sulphur  dioxide  in  air, 

in  water, 

as  disinfectant. 

Sulphuretted  hydrogen.     See 

sulphide. 
Sulphuric  acid  in  water. 
Sulphurous  acid.     See  Sulphi 
Sun's  rays,  effects  of  direct, 
Sunstroke.    See  Heatstroke, 
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617 

247 

58 

311 

782 

687 

261,  252 

166 

81 

446 

Hydrogen 

687,699,710 
iur  dioxide. 

399 
483 


309 

269,  276 

79 

115 

.    38-40 

309 

741 

324 

355 

368 

356 

357 

Temperature,  influence  of,      .  398-403 

■  of  the  body  affected  by  heat,  400 

•  of  air,  changes  in,        .  414-417 

determination  of,        .        415 

conditions  affecting,    .        417 

-of  soil,  .  .  13,14,24 


Tacca  arrowroot, 
Tcenia, 

in  drinking  water, 

Tanks  for  sewage, 

for  water. 

Tapioca, 

Tartaric  acid  in  wine, 

TasajoSf 

Tea,      . 

examination  of, 

physiological  action  of, 

-  structure  of  leaf, 


-  and  diarrhoea, 


Tents, 


■  correction  for  barometers, 
in  India, 

■  circular  or  bell, 

•  for  India, 

•  French,  tente-abri, 

-  (ternian, 

■  Russian, 

-  shelter, 

•  United  States, 


Terebene, 
Therniantidote, 
Thermometer  stand, 

scales, 

Tliermometers, 

Thiocamf,         .... 

Tin  for  water  pijx's,    . 

Tobacco  smoke,  air  vitiated  by, 

To  us  ies  mois^ 

Towns,  air  of, 

Trades,  unhealthy,      .  157  ^^  seq. 

Training,  .  .  .  . 

Trans  j>orts,       .... 

Trap  rock  soils, 

water  from, 

Traps,  efficiency  of, 

examiujition  of,  .  . 

for  drains. 

Trees,  effects  of,  on  health, 

Trichin((, 

Trinidad, 

Trooj)shij>s,      .... 

Tropical  climates,  barracks  in, 

Tubercular  diseases,  mortality  from,  at 

home,  ....        582 

phthisis,  prevention  of,  .        478 


11 
423,  427 
633 
525 
525,  526 
526 
527 
527 
527 
526 
528 
457 
212,  521 
418 
750 
413 
449 

45 
150 
309 
154 
181 
382 
659 

17 

51 
107 
107 
106 

13 
277 
615 
659 
517 
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Tuberculosis  in  cows,  .  .  316 

Typhoid  fever.    See  Enteric  fever. 

Typhus  exanthematicus,  disinfection  in,  450 

causes  and  prevention  of,        .  473 

Tyrotoxicon,    .  .  .  318,  322 

United  States  soldier,  rations  of,        .        542 
Urea,  elimination  of,  in  exercise,       .        370 

Valise  equipment,       .           .  .        557 

Vapour,  weight  of  a  cubic  foot  of,  .        421 

elastic  force  of,            .  .        421 

eflfect  on  temperature,  .        421 

Vegetables,     .           .           .  311,312 

composition  of,            .  .        250 

dried  and  preserved,  .  326,  327 

Vegetation,  effects  of,  on  soil,  .          12 
Velocity  of  air,  how  calculated,  217,  218,  219 

Venereal  diseases,  on  home  service,  .        593 

prevention  of,  .        488 

Ventilation,            .           .  .182 

in  the  army,    .            .  .        206 

artificial,         .            .  .203 

examination  of  sufficiency  of,  215 

by  extraction,              .  .        208 

friction  in,       .            .  .        197 

natural,           .            .  .194 

plans  of,          .            .  .        204 

practical  applications,  199,  204 

by  propulsion,             .  .        212 

value  of  natural  and  artificial, 

compared,     .            .  .214 

of  sewers,        .            .  .112 

of  soil  pipes,    .            .  103, 107 

of  hospital  ships,        .  660,  661 

Vertiet,  or  Verderame,            .  .        306 

Vinegar,          ...  .361 


267,  269, 


War, 


662 

entry  on,  .  .  .665 

tield  organisation  in,  .  .        670 

hospital  acconmiodation  in,    .        671 
huts  in,  .  .  .523 

marches  during,  .  .        b€i6 

preparation  for,  during  peace,        663 
rations,  .  .  536-538 

of  foreigii  armies,  .'>39-543 

sanitary  dutie.s  in,        .  669, 674 

sickness  and  mortality  in,       .        667 
sieges,  ....        675 


Tuberculosis  in  animals, 


266,268,272 


statistics  in,     . 

Warming  of  air, 

of  houses, 

by  steam -pipes. 

by  hot-water  pipes,     . 

of  barrack  rooms, 

of  huts. 

Warmth,  degree  of,  recjuired, 
different  kinds  of. 


Water, 


■  action  of,  on  lead  pipes, 

•  amount  of,  required,   . 

-  for  animals,    . 

-  for  sewers, 

■  for  sick  men,  . 

-  for  water-closets, 

-  for  trade  pnr|>oses, 

-  supplied  to  cities, 

•  to  London, 

•  to  soldiers, 

in  food, 


193 

234 

237 

•287 

513 

,''>24 

234 

235 

29 

43 

29 

33 

101 

34 

32, 102 

33 

30 

30 

30 

248 


analysis  of.     See  Examination  of. 
calculi  from,    ...  76 
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Water,  cholera  from, . 

classification  of, 

collection  of,  . 

collection  of  samples  of, 

comparative  value  of  ditfcrent 

sources  of ,  . 

composition  of, 

constant  supply  of,    . 

diarrhoea  from, 

diphtheria  from, 

diseases  produced  by  impure, 

distribution  of, 

dysentery  from, 

'  dyspepsia  from, 
'            enteric  fever  from, 
eniozoa  from, . 

examination  of, 

bacteriological, 

biolo^cal, 

chemical,  of  dissolved 

matters  in, . 

chemical,  of  sediment  in, 

microscopic,   . 

physical, 

qualitative,     . 

quantitative, . 

of  gases  in, 

of  dissolved  mattene  . 

of  total  dissolved  solids, 

of  suspended  matters, 

filtration  of,    . 

goitre  from,    . 

impure,  eflf^ects  of, 

impurities  of,  from  source, 

in  transit, 

from  storage, . 

from  (liatriDution, 


50,  714-717 

35 

676 


insufficient,  effects  of, 

iutenuitteut  supply  of, 

lead  i>oisoning  from. 


malarious  fevers  from, 

metallic  j[>oisouing  from, 

purification  of, 

quantity  required. 

rei)orts  on,  form  of, 

scarlet  fever  from, 

search  after,    . 

skin  diseases  from, 

in  soil, 

storage  of, 

Hupi)ly  of,  constant, 

intermittent. 


See  Amount. 


49 

46 

41 

59 

76 

57 

40 

61 

59 

66 

79 

676 

710 

710 

684 
684 
680 
677 
686-691 
691-710 
684 
684 
693 
679 
84 
77 
67 
51 
54 
55 
56 
56 
40,41 
49 
63 
81 
82 


718 
75 
92 
75 
4 
38 
41 
40,41 


Water,  supply  of,  to  soldiers, 
in  the  field, 


yellow  fever  from, 

Water-bottles  for  soldiers. 

Water-closets, 

Water  gas, 

Water  pipes,  kinds  of, 

materials  of,    . 

leaden, 

protection  of,  . 

Waterproof  clothing,  . 
Waterproofing  of  l)oots, 

of  cloth. 

Weather  in  connection  with  disease, 

Weevil  in  flour. 

Weights  of  soldiers'  dress. 

Well  water,  com|K)sition  of, 

near  the  sea. 

Wells,  as  source  of  supply, 

artesian, 

deep  and  shallow, 

area  of  drainage  by. 

West  Indies,    . 
Wheat, 

adulteration  of  flour, 

-  diseases  of, 

structure  of,    . 

Whisky, 

Wind,  . 

Winds,  action  of,  in  ventilation. 

Wines,  a<lulteration  of, 

composition  of, 

examination  of, 

dietetic  use  of. 

Wool,  . 

Work,  diet  for  ordinary, 

diet  for  laborious, 

cah'ulation  of, 

of  the  soldier,  .     380, 

Wonns  in  water. 

Yeast,  examination  of. 

Yellow  fever  and  drinking  water, 

disinfection  in, 

causes  and  prevention  of, 

in  West  luaies. 


732 

75 

452 

462 

614,  617 


Zinc  chloride  as  disinfectant,  .  .        445 
poisoning  through  water,       .  40 

salts  as  sewage  precipitant**,     117,  455 

sulphate  as  sewage  dfeodoraut,        458 

tests  for,  in  water,       .     688, 689, 707 
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93 

94 

75 

93 

32,  102 

164 

ilynote 

42,  43 

43 

42,  45 

388 

550,  note 

551,  note 
434 
288 

551,  654 

47,50 

54 

37 

87 

37,56 

55,56 

609 

282 

288 

287 

284 

332 

430 

194 

742 

329 

741 

349 

386 

248 

249 

379-381 

382,558 
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AcLAND,  Sir  H. ,  on  cholera  and  water,  73 

on  hospital  space,        .            .  192 

Adams'  determination  of  fat  in  milk,  733 

AiTKEK,  Sir  W.,  on  recruiting,          .  605 

on  measurements,        .            .  561 

Alcock  on  frontier  ulcer,       .            .  76 

Allbutt,  Clifford,  on  exercise,      .  375 

Anderson  on  purification  of  water,  ,  83 

Anderson  and  Lenk's  process,         .  117 
Anqell  and  Hehner  on  butter  analysis,  320 

Angot  on  wind  velocity,         ,           ,  431 

Ansted  on  area  drained  by  wells,      .  56 
Anstie  on  effects  of  alcohol,  .         336  el  seq, 

Apjohn's  fonnula,      .            .  420 

Appert's  process  for  ^ireserving  meat,  280 

Arlidge  on  miners'  diseases, .           .  158 
Armstrong,  Sir  A.,  on  lime  juice,     . 
Arnino's  inoculation  in  leprosy, 
Arnott's  plan  of  ventilation, 
Arnould  on  enteric  fever  and  water, 
on  charbnn. 


366 
479 
213 
68 
275 
464 


Audouard  on  cause  of  yellow  fever, 


B.uley-Dexton  on  sewage  iiltration,  119 

Baker  on  ship  ventilation,     .            .  210 

Balestra,  M.P.,  on  air  of  marshes,  .  156 

Balfour  on  C.I).  Acts,          .           .  491 

on  statistics,    .  .  576,  684 

Ballard  on  diarrhrea  and  soil,          .  11 

on  enteric  fever  and  water,      .  69 

on  cubic  space  for  cattle,        .  193 

on  meat  poisoning,      .            .  272 

Banner's  smoke  test,             .            .  110 

Banting's  treatment,             .            .  245 

Bauff's  process  for  water  pii>es,        .  42 

Barker  on  disinfection,         .           .  393 

Bealk  on  conttigia,     .            .            .  436 

Beaufort  scale,          .            .           .  432 
Beaimont  on  digestilnlity  of  food,    256,  257 

Becher  on  body  temperature,            .  400 

on  liosj)ital  ships,        .             .  661 

Beetz  on  air  of  sewers,           .            .  152 

Bell,  Carter,  on  alum  in  breatl,      .  731 

James,  on  milk  analysis,        .  314 

on  butter  analysis,      .  321 

Bellat's  extract  of  meat,       .            .  325 

Bexgkr's  peptone  jelly,          .            .  325 

Berlier  system,         *             .            .  132 

Berry,  Sheriff,  on  tuberculous  meat,  274 

Bert,  P.,  on  influence  of  oxygen,       .  408 

Berth  E  on  absorption  of  fat,             .  256 
Bettington  on  malaria  and  drinking 

water,           ....  63 

Beurle's  cooking  pot,            .            .  538  | 

BeveriD(je  on  foot  and  mouth  disease,  316  , 

Bird's  process,           .          .          .  Wl 
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Blaciclet  on  spores  in  air,     .     140, 161, 162 
Blackman's  air  propeller,      .  .        213 

Blagden  and  Fordtce  on  body  tem- 
perature,     .  .  .  *         .        401 
Blake  on  open-air  treatment,  406,  note 
Blanc  on  malarial  fever  and  water,  .         64 

— ' on  cholera  and  water,  .  72 

Blower  on  malaria  and  water,  .         64 

Blyth,  Wynter,  on  sewage  purification, 

117,  118,  458 

on  disinfectants,  .  .        449 

on  alum  in  bread,       .  .        731 

Bond's  terebene  preparations,  130,  457 

Boudin  on  malaria  and  drinking  water,      64 

on  diarrhoea  and  drinking  water,     61 

Boutron  and  Boudet  on  soap  test,  .        688 
Bow^ditch  on  phthisis  and  sod,  .    7,  125 

Boyle's  ventilator,      .  .  .206 

Brand's  essence  of  beef,         .  .       325 

Brittan  and  Swatne  on  fungi  in  air,       143 
Brooks'  drain-pipes,  .  .  106,  HI 

Brown,  G.,  on  siphoning  traps,         .        108 
Brunel  on  hospital  huts       .  .        673 

Bruce,  D.,  on  Malta  fever,     .  .        475 

Bryden  on  Indian  statistics,  .        646 

Bryson  on  phthisis  in  the  Navj-,       .        169 
Buchan's  traps,  .  .  .        1(»8 

Buchanan  on  phthisis  and  soil, 

on  enteric  fever  and  soil, 

on  influence  of  sewerage, 


Bddd  on  enteric  fever  and  water, 
on  disinfection. 


9 
125 
68,69 
440 
14 


BuLST  on  heat  of  soil, 
Burdon-Sanderson  on  sewer  air,  108, 112, 114 

Burnett's  (Sir  W.)  disinfecting  fluid,  455 
Burnett,   Col.   C.   J.,    on    soldier's 

dietary,         ....  535 

Calvert  on  leAd  poisoning  by  water,  45 

on  tinned  pii>es,           .            .  45 

Calvert's  carbolic  powder,   .             130,  456 
Cameron,  Sir  C,  on  effects  of  silicon 

fluoride,        ....  160 

on  mussel  poisoning,  .            .  282 

on  lead  alloy  for  pipes,            .  45 

Carmichael  on  siphon  traps,             .  109 

on  effects  of  imjuire  air,          .  168 

Carnelley,  Haldank  and  Anderson 


on  CO.j  in  air, 


137,  146  et  seq.,  186 
-  on  organisms  in 

air,     .  140,  142 

■  on  air  of  sewers. 

153,  172 

■  on  air  of  towns.        15<5 

■  on     effects     of 

impure  air, .  168 
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Carnellby,  Haldane  aiid  Akdebson 

on  air  of  schools,     . 
and  Mackie  on  air  of  towns 


•  on  air  analysis, 
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160 
724 
325 


Carnrick's  peptonoids, 
Carpenter,  A.,  on  enteric  fever  and 
water,  .  .  .  .66 

on  acreage  for  sewage  irrigation,  122 

on  sewage  farms,         ,            .  177 

on  air  of  sewers,          .            .  153 

Casella's  air  meter,  .           .           .  217 

Cassal  on  "  dyed  sugar,"      .           .  311 

Celsus  on  variety  in  diet,      .            ,  389 

Chadwick,  Sir  E.,  on  air  of  graveyards,  179 

Chamberland  filter,  ...  89 

Chantemesse  and  Widal  on  dysentery,  481 

"              ■  723 
39 


Chapman  on  air  analysis, 
Cheyers  on  plants  in  water,  . 

on  dysentery  caused  by  water, 

on  Indian  barracks,     . 

Christie  on  dengue,  . 

Clark,  Dr,  on  softening  of  water,     . 

on  soap  test  for  hardness, 

-  R.,  on  hygiene  in  West  Africa, 


520 
466 


623 
76 


Clemens  on  H^  in  water, 
Clouston  on  dysentery  and  sewage 

farms,  ...  128,  177 

COBBOLD  on  entozoa  and  sewage  farms,      124 
Colin  on  malarial  fever  and  drinking 

Water,  ....  65 

CoMMAiLLE  on  malaria  and  drinking 

water,  ....  63 

Conder's  iron  process,  .  .118 

CONDY  on  purincation  of  water,         .  83 

disinfecting  fluid,         .  117,  445 

Cornish  on  earth-closets  in  India,    .        130 
CouuER  on  CO  from  stoves,  .  .        239 

Crease's  filters  .  .  88, 91,  93 

Cbookes  on  silica  in  water,    .  .  43 

on  carbolic  acid,         .  453,  456 

-  on  alum  in  bread,        .  .        731 


CuNiNQHAM,  J.  M.,  on  cholera  and 
water, 

on  cause  of  cholera,     . 

Cunningham,  D.  D.,  on  soil, 

on  cholera  and  water, 

on  organisms  in  air,     . 

Sef.  also  Lewis. 

CuTLiFFE  on  cholera  and  water, 

Daniell's  hygrometer, 
D'Arcet  on  theatre  ventilation, 
Davidson  on  heart  disease,    . 
Davies,  a.  M.,  on  zymotic  diseases 
from  milk,    . 

•  on  bacteria  in  water, 


Davis  on  dysentery  caused  by  water, 
Deacon  on  waste  of  water,    . 
Dean's  gully  trap, 
De  Chaumont  on  water  filtration 

on  CO2  in  air,  .  .     145, 

on  air  of  hospitals, 

on  air  of  towns, 

on  huniitlity  of  air, 

fommla  for  inlets  and  outlets, 

^—  formulae  for   ventilation  cal 

culations,  . 
De  Lavenant's  vitreous  glaze, 
Delpbch  on  cholera  and  water, 
Derby  on  CO  from  stoves, 
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Some  Forms  of  Paralysis  from 

Peripheral  Neuritis :  of  Gouty, 
Alcoholic,  Diphtheritic,  and  other  origin. 
Crown  8vo,  5s. 

Also, 

On  the  Simulation  of  Hysteria 

by  Organic  Disease  of  the  Nenrous 
System.     Crown  8vo,  4s,  6d. 

Gout  in  its  Clinical  Aspects. 
By  J.  Mortimer  Granville,  M.D. 
Crown  8vo,  6s. 

Diseases  of  the  Liver : 

With  and  without  Jaundice  By  George 
Harley,  M.D.,  F.R.C.P.,  F.R.S.  8vo, 
with  2  Plates  and  36  Engravings,  21s. 

Rheumatic  Diseases, 

(Differentiation  in).  By  Hugh  Lane, 
Surgeon  to  the  Royal  Mineral  Waier 
Hospital,  Bath,  and  Hon.  Medical  Officer 
to  the  Royal  United  Hospital,  Bath. 
Second  Edition,  much  Enlarged,  with  8 
Plates.     Crown  8vo,  3s.  6d. 

Diseases  of  the  Abdomen, 

Comprising  those  of  the  Stomach  and  other 
parts  of  the  Alimentary  Canal,  C&sopha- 

giis.  Caecum,  Intestines,  and  Peritoneum, 
y  S.  O.  Habersho.n,  M.D.,  F.R.C.P. 
Fourth  Edition.     8vo,  with  5  Plates,  ais. 
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On  the  Relief  of  Excessive  and 
Dangerous  Tympanites  by 
Puncture  of  the  Abdomen. 
By  John  W.  0(;le,  M.A.,  M.D., 
F.R.C.P.,  Consulting  Physician  to  St. 
George's  Ilospital.     8vo,  5s.  6<l. 

Headaches  :  1 

Their   Nature,  Causes,  and   Treatment.  ' 

By  W.  H.  Day,  M.D.,  ]»hysician  to  the  ' 

Samaritan    Hospital.      Fourth    Edition.  . 
Crown  8vo,  with  Engravings,  7s.  6<1. 

Health  Resorts  at  Home  and 
Abroad.  By  M.  Charter  is,  M.D., 
Professor  of  Therapeutics  and  Materia 
Medica  in  Glasgow  University.  Second 
Edition.     Crown  8vo,  with  Map,  5s.  6d. 

The  Mineral  AVaters  of  France  ' 

And    its    Wintering    Stations    (Medical  ; 

Guide   to).     With  a  Special  Map.     By  j 

A.    ViNTRAS,    M.D.,    Physician   to   the  1 

French    Embassy,   and    to    the    French  I 

Hospital,     London.      Second     Edition.  ' 
Crown  8vo,  8s. 

Canary  Islands 

Health  Resorts,  in  their  Climatological  1 

and   Medical  Asjxxts.     By  J.  Cleasby  I 
Taylor,  M.D.,  M.R.C.S.,  Las  Palmas. 

8vo,  with  Maps,  3s.  6d.  I 

Homburg — Spa.  | 

An  Introduction  to  its  Waters  and  their  I 

use.      By     Dr.    Arnold     Schetelig.  ■ 

Crown     8vo,     with     Syncji^tical     Table,  ' 
2s.   6d. 

Illustrated  Ambulance  Lectures : 

To  which  is  added  a  Nuksinc  Lecture.    ' 
ByJOHNM.H.MAkriN,M.l).,F.K.C.S., 
Honorary  Surgeon  to  the   lilacklnirn  In- 
firmary.  Third  K«iilif)n.   Crown  Svo,  with 
60  Engravings,  2s. 

Surgery :  its  Theory  and  Prac- 
tice (Student's  ( iuide).  By  William  J. 
Walsh  AM,  1"\K.(.\S.,  Senior  Assistant 
Surgeon  to,  antl  Lecturer  on  Anatomy  at, 
St.  Bartholomew's  Hospital.  Fourth 
Etlition.    Fcap.  Svo,  with  335  Kngravinfjs, 

I2S. 

Surgical  Emergencies  : 

Together  with  the  Emergencies  attendant 
on    Parturitiijn    and    the    Treatment    of 
Poisoning.  lUW. Pat l Swain, F.R.C.S.,    , 
Surgeon  to  the  South  1  )ev<.n  and  Hast  Corn-    1 
wall  Ilospital.     Fomtii  Ivlition.     Crown 
Svo,  with  120  Fngraving.>,  5^. 

Operations    on     the    Brain    (A 

Guide  to).  IJy  Alk«  Fkaskk,  Pro- 
fessor of  Anatomy,  Royal  College  of 
Surgeons  in  I  re  1  antl.  Illustrated  by  42 
life-size  Plates  in  Autotype,  and  2  Wood- 
cuts in  the  text.      Folio,  63s. 


A  Course  of  Operative  Surgery. 

By  Christopher  Heath,  Surgeon  to 
University  College  Hospital.  Second 
Edition.  With  20  coloured  Plates  (180 
figures)  from  Nature,  by  M.  LfevEiLLfc, 
and  several  Woodcuts.      Lar^c  Svo,  30s. 

By  the  same  Auihor, 

The  Student's  Guide  to  Surgical 

Diagnosis.  Second  Edition.  Fcap. 
Svo,  6s.  6<1, 

Also, 

Manual  of  Minor   Surgery   and 

Bandaging.     For  the  use   of  House- 
Surgeons,    Dressers,  and    Junior   Practi- 
tioners. Tenth  Etlition.     Fcap.  Svo,  with 
158  Engravings,  6s. 
Also. 

Injuries    and    Diseases    of   the 

Ja'ws.     Fourth  E<lition.      By    IIrnky 
Percy  Dean,  M.S.,  K.K.C.S.,  .Vssistani 
Surgeon  to  the  London  IIoNpital.     Svo, 
with  187  Wood  Engravings,   14.S. 
Also. 

Lectures   on    Certain    Diseases 
of    the    Ja'ws.       Delivered     at    the 
K.C.S.,    Eng.,    1S87.      Svo,     widi    64 
Engravings,  2s.  6d. 
Also. 

Clinical   Lectures    on     Surgical 

Subjects.  Delivered  in  Univcrsiry 
College  Hospital.  Fcap.  Svo,  with  23 
Engravings,  6s. 

Surgery. 

Hy  C.  W.  Mansei.l  Mofi.i.iN,  M.A  . 
M.l).,  Oxon.,  F.K.C.S.,  Suri;e.»n  z^vA 
Lecturer  on  Physiology  to  the  L«?n«:<  n 
Ilospital.  Large  Svo,  with  497  Engrav- 
ings, 34s. 

The  Practice  of  Surgery  : 

A  Manual.  By  Thomas  Ukvam, 
Consulting  Surgeon  to  Guy's  ll.i>pital. 
Fourth  Edition.  2  vols,  crown  S\<s  with 
750  Engravings  (many  l>cing  olourt-^i), 
and  including  6  chromo  i)lates,  32>. 

By  the  same  Author. 

On  Tension  :  Inflammation  of 
Bone,  and  Head  Injuries.  Hun- 
tcrinn  Lectures,  1SS8.     Svu,  6<. 

The  Surgeon's  Vade-Mecum  : 

A  Manual  of  Modern  Surgery.  F.y  K. 
Druitt,  F.R.C.S.  Twelfth  Kdiiion. 
liy  Stanley  Uovd,  M.H.,  F.R.C.S. 
Assistant  Surgeon  and  Pathologist  it> 
Charing  Croys  Hospital.  Crown  Svo, 
with  I'tl  P-ngravings,    1 6s. 

Diseases  of  Bones  and  Joints. 

r»y  Chari.ks  Macnamara,  F.R.C.S., 
.Surgeon  to,  and  Lecturer  on  Surgery  at, 
the  Westminster  Hospital.  Svo,  with 
Plates  and  Engravings,  1 2s. 
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The  Operations  of  Surgery  : 

Intended  for  \js^  on  the  Dead  and  Living 
Subject  alike.  By  W.  II.  A.  Jacobson, 
M.A.,  M.B.,  M.Ch.  Oxon.,  F.R.C.S., 
Assistant  Surgeon  to,  and  Lecturer  on 
Anatomy  at,  Guy's  Hospital.  Second 
Edition.     8vo,  with  23s  Illustrations,  30s. 

On  Anchylosis. 

By  Bernard  E.  Brodhurst,  F.R.C.S., 
Surgeon  to  the  Royal  Orthopaedic  Hos- 
pital. Fourth  Edition.  8vo,  with  En- 
gravings, 5s. 

By  the  same  Author,    ■ 

Curvatures  and  Disease  of  the 

Spine.      Fourth    Edition.     8vo,    with 
Engravings,  7s.  6d. 
Also. 

Talipes  Equine- Varus,  or  Club- 
foot.   8vo,  with  Engravings,  3s.  6d. 
Surgical  Pathology  and  Morbid 

Anatomy  (Student's  (Juide  Series). 
By  Anthony  A.  Bowlby,  F.R.C.S., 
Assbtant  Surgeon  to  St.  Bartholomew's 
Hospital.  Second  Edition.  Fcap.  8vo, 
with  158  Engravings,  9s. 

By  the  same  Author, 

Injuries  and  Diseases  of  Nerves 
and  their  Surgical  Treatment.^ 
8vo,  with  20  Plates,  14s. 

Illustrations  of  Clinical  Surgery. 
By  Jonathan  HirTciiiNsoN,  F.R.S., 
Senior  Surgeon  to  the  London  Hospital. 
In  fasciculi.  6s.  6d.  each.  Fasc.  I.  to 
X.  bound,  with  Appt-ndix  and  Index, 
£^  IDS.  Fasc.  XI.  to  XXIII.  Ixmnd, 
with  Index,  £a  ios. 

By  the  same  Author. 

Archives  of  Surgery  ;  Quarterly. 

Nos.  i.  to  xxi.  8vo,  2s.  6tl.  each. 
Vols.  I.  to  v.,  each  containing  4  Nos., 
cloth,  IOS.  6d.  each. 

Clubfoot : 

Its  Causes,  Pathology,  and  Treatment. 
By  VVm.  Adams,  F.R.C'.S.,  Consulting 
Surgeon  to  the  Cireat  Northern  and  other 
Hospitals.  Second  Edition.  8vo,  with 
106  Engravings  and  6  Lithographic  Plates, 
lit. 

By  the  same  Author, 

L>ateral    and    other    Forms    of 

Curvature    of    the    Spine:     Their 
Pathology  and  Treatment.     Second  Edi- 
tion.   8vo,  with  5  Lithngraphic  Plates  and 
72  Wood  Engravings,  los.  6d. 
Al.o. 

Contraction  of  the  Fingers  : 

(Dupuytrcn's  and  Congenital  Contrac- 
tions), their  Treatment  by  Suljcuianeous 
Divisions  of  the  Fascia,  an<l  Immediate 
Extension.  Also  on  Hammer  Toe  ; 
its  Curability  by  Sul cutaneous  Division. 
And  on  The  Obliteration  of  De- 
pressed Cicatrices  by  a  Sul)Cutr»neous 
OjHrration.  8vo,  with  8  Plates  and  31 
Engravings,  6s.  6<1.  ' 


Treatment  of  Internal  Derange- 
ments of  the  Knee-Joint,  by 
Operation.  By  Herbert  W.  Alling- 
HAM,  F.R.C.S.,  Surgeon  to  the  Great 
Northern  Central  Hospital,  &c.  8vo, 
with  Engravings,  5s. 

Short  Manual  of  Orthopaedy. 

By  Heaiher  Bigg,  F.R.C.S.  Ed. 
Part  I.  Deformities  and  Deficiencies  of 
the  Head  and  Neck.    8vo.     2s.  6d. 

Face  and  Foot  Deformities. 

By  Erederick  Churchill,  CM.  8vo, 
with  Plates  and  Illustrations,  los.  6d. 

The  Human  Foot: 

Its  Form  and  Structure,  Functions  and 
Clothing.  By  Thomas  S.  Ellis,  Con- 
sulting Surgeon  to  the  Gloucester  In- 
firmary. With  7  Plates  and  Engravings 
(50  Figures).     8vo,  7s.  6d. 

Royal  London  Ophthalmic  Hos- 
pital Reports.  By  the  Medical  and 
Surgical  Stalf.  Vol.  XIII.,  Part  4. 8vo,  5s. 

Ophthalmological  Society 

of  the  United  Kingdom.  Transactions, 
Vol.  XIII.     8vo,  I2s.  6d. 

The  Diseases  of  the  Eye 

(Student's  Guide  Series).  By  EinvARD 
Nettleshii',  F.R.C.S.,  Ophthalmic 
Surgeon  to  St.  Thomas's  Hospital.  Fifth 
Edition.  Fcap.  8vo,  with  164  Engravings 
and  a  Coloured  Plate  illustrating  Colour- 
Blindness,  7s.  6d. 

Diseases  and  Refraction  of  the 
Eye.  ByN.  C.  Macnamara,  F.R.C.S., 
Surgeon  to  Westminster  Hospital,  and 
Gi'STAViTs  Hartriix;e,  F.R.C.S.,  Sur- 
geon to  the  Royal  Westminster  Ophthalmic 
Hospital.  Fifth  Edition.  Cn>wn  8vo, 
with  Plate,  156  Engravings,  also  Test- 
ty|>es,  IDs.  6<l. 

On  Diseases  and  Injuries  of  the 

Eye  :  A  Course  of  Systematic  and 
Clinical  Lectures  to  Students  and  Medical 
Practitioners.  By  J.  R.  Wolfe,  .\f.D., 
F.R.C.S.E.,  Lecturer  on  Ophthalmic 
Medicine  and  S«rger>'  in  Anderson *s  Col- 
lege, (ilasgow.  With  10 Coloured  Plates 
and  157  Wo<xl  Engravings.     8>*o,  £i  is. 

Normal  and  Pathological  His- 
tology of  the  Human  Eye  and 
Eyelids.  By  C.  Frkd.  Polixktk, 
M.D.,  F.R.C.S.  and  F.R.S.E.,  Surgeon 
for  Diseases  of  the  Eye  to  Anderson's 
College  r)is|)ensary,  (jlasgow.  Crown 
8vo,  with  100  Plates  (250  drawings),  15s. 


LONDON:    11,  NEW  BURLI SGTON   STRRF-T. 


J.    J   A,    CHURCHILUS   RECENT    WORKS, 


Refraction  of  the  Eye : 

A  Manual  for  Students.      By  GusTAVUS 
IUrtridge,    F.R.C.S.,  Surgeon  to  the    ! 
Royal  Westminster  Ophthalmic  Hospital.    . 
Seventh   Edition.     Crown  8vo,  wim   98    ' 
Illustrations,  also  Test-types,  &c.,  6s. 
By  the  same  Author, 

The  Ophthalmoscope.    A  Manual 

for  Students.  Second  Edition.  Crown  8vo, 
with  67  Illustrations  and  4  Plates.    4s.  6d. 

Atlas  of  Ophthalmoscopy. 

Composed   of    12    Chromo  -  lithographic 
Plates   (59   Figures  drawn  from  nature) 
and    Explanatory  Text.      By   Richard 
LiEBRElCH,    M.R.C.S.      Translated  by    , 
II.  RosBOROUGH  SwANZY,  M.B.     Thin!    • 
Edition,  4to,  40s. 

Glaucoma : 

Its  Pathology  and  Treatment.  By 
Priestley  Smith,  Ophthalmic  Surgeon 
to,  and  Clinical  Lecturer  on  Ophthalmo- 
logy at,  the  Queen's  Hospital,  Birming-  . 
ham.  8vo,  with  64  Engravings  and  12 
Zinco-photc^raphs,  7s.  6d. 

Eyestrain 

(commonly  called  Asthenopia).  By 
Ernest  Clarke,  M.D.,  B.S.  Lond., 
Surgeon  to  the  Central  London  Ophthal- 
mic Hospital,  Surgeon  and  Ophthalmic 
Surgeon  to  the  Miller  Hospital.  8vo, 
with  22  Illustrations,  5s. 

Diseases  of  the  Eye  : 

A  Handbook  of  Ophthalmic  Practice  for 
Students  and  Practitioners.  By  G.  E. 
DE  ScHWEiMTZ,  M.D.,  Prolessor  of 
Diseases  of  the  Eye  in  the  Philadelphia 
Polyclinic.  With  216  Illustrations,  and 
2  Chromo- Lithographic  Plates.    8vo,  1 8s. 

Diseases  and  Injuries  of  the 
Ear.  By  Sir  William  B.  Dalby, 
F.R.C.S.,  M.B.,  Consulting  Aural  Sur- 
geon to  St.  (leorge's  Hospital.  Fourth 
Edition.  Crown  8vo,  with  8  Coloured 
Plates  and  38  \V«kkI  Engravings.  los.  6tl. 
By  the  same  Author. 

Short    Contributions    to     Aural 
Surgery,  betw^een  1875  and  1889. 

Second  Edition.  8vo,  with  Engravings, 
3>.  6'1. 

Diseases  of  the  Ear, 

Including  the  Anatomy  and  Physiolog>' 
of  the  Organ,  together  with  the  Treat- 
ment of  the  Affections  of  the  Nose  and 
F'harynx  which  conduce  to  Aural  Disease 
(a  Treatise).  By  T.  Mark  Hovell, 
F.R.C.S.K.,  M.R.C.S.,  Aural  Surgeon 
to  the  I>ondon  Hospital,  and  Lecturer  on 
Diseases  of  the  Throat  in  the  College, 
&c.     8vo,  with  122  Engravings,  i8s. 

Sore  Throat : 

Its  Nature,  Varieties,  and  Treatment. 
By  Pkosser  James,  M.D.,  Physician  to 
the  Hospital  for  Diseases  of  the  Throat. 
Fifth  lulition.  Post  8vo,  with  Coloured 
Plates  and  Engravings,  6s.  6<1. 


Hints  on  Ophthalmic  Out-Patient 
Practice.  B7  Chakles  IIiggcks, 
Ophthalmic  Smgeon  to  Gay's  Ho^xtiL 
Third  Edition.     Fcap.  8vo,  3s. 

A  System  of  Dental  Surgery. 

By  Sir  John  Tomes,  F.K.S.,  and  C  S. 
Tomes,  M.A.,  F.R.S.  Third  Editioa. 
Crown  8vo,  with  292  Engravings,  15s. 

Dental  Anatomy,  Human  and 
Comparative :  A  Manual.  By  Charles 
S.  Tomes,  M.A. ,  F.  R.  S.  Fourth  Editioo. 
Crown  Syo,  with  235  Engravix^s,  12s.  6d. 

A  Manual  of  Nitrous  Oxide 
Anaesthesia,  for  the  use  of  Stu- 
dents and  General  Practitioners. 

By  J.  FREDERICK  W.  Silk,  M.D.Lood., 
M.R.C.S.,  Anesthetist  to  the  Royal 
Free  Hospital,  Dental  School  01  Guys 
Hospital,  and  National  Epileptic  licspitaL 
8vo,  with  26  Enf^vinf^s,  5s. 

A  Practical  Treatise  on  Mecha- 
nical Dentistry.  Bv  Joseph  Rich- 
ardson, M.D.,  D.D.S*.  Sixth  Edition 
rerised  and  Edited  by  George  W. 
Warren,  D.D.S.  Roy.  8vo,  with  600 
Engravinf^s,  21s. 

Notes  on  Dental  Practice. 

By  Henry  C.  Quinby,  L.D.S.I.,  Presi- 
dent-Elect  of  the  British  Dental  Associa- 
tion. Second  Edition.  8vo,  with  92 
Illustrations,  ^ 

Elements  of  Dental  Materia 
Medica  and  Therapeutics,  'with 
Pharmacopoeia.  By  James  Stocken, 
L.D.S.R.C.S.,  Pereira  Prizeman  for 
Materia  Me<Hca,  and  Thomas  Gaddes, 
L.D.S.  Eng.  and  Edin.  Third  Exlitior.. 
Fcap.  8vo,  7s.  6<.l. 

Papers  on  Dermatology. 

By  E.  I).  Mapother,  M.D.,  Ex-Pre>. 
R.C.S.I.     8vo,  3s.  6d. 

Atlas  of  Skin  Diseases. 

By  Tilbury  Fox,  M.D.,  F^.C.F. 
With  72  Coloured  Plates.  Royal  410,  hal: 
morocco,  £6  6s. 

Diseases  of  the  Skin  : 

A  Practical  Treatise  for  the  Use  of 
Students  and  Practitioners.  By  J.  N. 
Hyde,  .\.M.,  M.D.,  Professor  of  Skin  and 
Venereal  Diseases,  Rush  Medical  College, 
Chicago.  Second  Edition.  8vo,  with  2 
Coloured  Plates  and  96  Engra\-ings,  20s. 

Leprosy  in  British  Guiana. 

ByJOHND.HiLLis,F.R.C.S.,M.R.I.A., 
Medical  Superintendent  of  the  Leper 
Asylum,  British  Guiana.  Imp.  8vo,  m-ith 
22  Lithographic  Coloured  Plates  and 
Wood  Engravings,  £l  lis.  6d. 
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Diseases  of  the  Skin 

(Introduction  to  the  Study  oQ*  By 
P.  n.  Pye- Smith,  M.  D.,  F.  R.  S., 
F.R.C.P.,  Physician  to,  and  Lecturer  on 
Medicine  in,  Guy's  Hospital.  Crown 
8vo,  with  26  Engravings.     73.  6d. 

Sarcoma  and  Carcinoma : 

Their  Pathology,  Diagnosis,  and  Treat* 
ment.  By  Henry  T.  Butlin,  F.R.C.S., 
Assistant  Surgeon  to  St.  Bartholomew's 
Hospital.     8vo,  with  4  Plates,  8s. 

By  the  samt  Author, 

Malignant  Disease  of  the  La- 
rynx (Sarcoma  and  Carcinoma).    | 
8vo,  with  5  Engravings,  5s.  j 

Also,  \ 

Operative  Surgery  of  Malignant 
Disease.    8vo,  14s. 

On  Cancer: 

Its  Allies,  and  other  Tumours;  their  Medi- 
cal and  Surgical  Treatment.  By  F.  A. 
PuRCELL,  M.D.,  M.C.,  Surgeon  to  the 
Cancer  Hospital,  Brompton.  8vo,  with 
21  Engravings,  los.  6d. 

Cancers  and  the  Cancer  Pro- 
cess :  a  Treatise,  Practical  and  Theoretic. 
By  Herbert  L.  Snow,  M.D.,  Surgeon 
to  the  Cancer  Hospital,  Brompton.  8vo, 
with  15  Lithographic  Plates.     15s. 

By  the  same  Author, 

The  Re-appearance(Recurrence) 
of  Cancer  after  apparent  Kxtir- 
pation.    8vo,  5s.  6d. 

Also, 

The  Palliative  Treatment  of 
Incurable  Cancer.  Crown  8vo,  2s.  6d. 

Cancerous  Affections  of  the  Skin. 

(Epithelioma  and  Rodent  Ulcer.)  By 
George  Thin,  M.D.  Post  8vo,  with 
8  Engravings,  5s. 

By  the  same  Author. 

Pathology    and    Treatment    of 

Ringivorm.  8vo,  with  21  Engravings, 
5s. 

Diagnosis  and  Treatment  of 
Syphilis.  By  Tom  Robinson,  M.D., 
Physician  to  St.  John's  Hospital  for  Dis- 
eases of  the  Skin.     Crown  8vo,  3s.  6d. 

By  the  same  Author. 

Eczema :  its  Etiology,  Patho- 
logy, and  Treatment.  Crown  8vo, 
3s.  6d. 

Also,  I 

Illustrations  of  Diseases  of  the  ! 

Skin    and    Syphilis,    with    Re-  I 

marks.     Fasc.  L  with  3  Plates.     Imp.  1 
4to,  58. 


[By  Sir  Henry  Thompson,  F.R.C.S.] 
Diseases  of  the  Urinary  Organs. 

Clinical  Lectures.  By  Sir  Henry 
Thompson,  F.R.C.S.,  Emeritus  Pro- 
fessor of  Clinical  Surgery  and  Consulting 
Surgeon  to  University  College  Hospital. 
Eighth  Edition.  8yo,  with  121  Engrav- 
ings, los.  6d. 

Diseases  of  the  Prostate  : 

Their  Pathology  and  Treatment.  Sixth 
Edition.     8vo,  with  39  Engravings,  6s. 

Surgery  of  the  Urinary  Organs. 

Some  Important  Points  connected  there- 
with. Lectures  delivered  in  the  R.C.S. 
8vo,  with  44  Engravings.  Student's 
Edition,  2s.  6d. 

Practical  Lithotomy  and  Litho- 

trity ;  or.  An  Inquiry  into  the  Best  Modes 
of  Removing  Stone  from  the  Bladder. 
Third  Edition.  8vo,  with  87  Engravings, 
los. 

The  Preventive  Treatment  of 
Calculous  Disease,  and  the  Use  of 
Solvent  Remedies.  Third  Edition. 
Crown  8vo,  2s.  6d. 

Tumours  of  the  Bladder : 

Their  Nature,  Symptoms,  and  Surgical 
Treatment.  8vo,  with  numerous  Illustra- 
tions, 5s. 

Stricture  of  the  Urethra,  and  Uri- 
nary Fistulae  :  their  Pathology  and 
Treatment.  Fourth  Edition.  8vo,  with 
74  Engravings,  6s. 

The  Suprapubic  Operation  of 
Opening  the  Bladder  for  the 
Stone  and  for  Tumours.  8vo, 
with  14  Engravings,  3s.  6d. 

Introduction  to  the  Catalogue ; 

being  Notes  of  a  Thousand  Cases  of 
Calculi  of  the  Bladder  removed  by  the 
Author  and  now  in  the  Hunteritn 
Museum  of  the  Royal  College  of  Surgeons. 
8vo,  2s.  6cl. 


Electric  Illumination  of  the 
Bladder  and  Urethra,  as  a  Means 
of  Diagnosis  of  01)scure  Vesico- Urethral 
Diseases.  By  E.  Hurry  Fen  wick, 
F. R.C.S. ,  Surgeon  to  London  Hospital 
and  St.  Peter's  Hospital  for  Stone.  Second 
Edition.  8vo,  with  54  Engravings,  6s.  6d. 
By  the  same  Author. 

The  Cardinal  Symptoms  of 
Urinary  Diseases :  their  Diagnostic 
Significance  and  Treatment.  8vo,  with 
36  Illustrations.     8s.  6d. 

Atlas  of  Electric  Cystoscopy. 

By  Dr.  Emil  Burckhardt,  late  of  the 
Surgical  Clinique  of  the  University  of 
Bale,and  E.  Hurry  Fenwick,  F.R.C.S., 
Surgeon  to  the  London  Hospital  and  St. 
Peter's  Hospital  for  Stone.  Royal  8v<), 
with  34  Coloured  Plates,  embracing  83 
Figur^.     2  IS. 
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Lectures  on  the  Surgical  Dis- 
ord ors  of  the  Urinary  Organs.  By 
Reginald  Harrison,  F.R.C.S.,  Sur- 
geon to  St.  Pcter'a  Hospital.  Fourth 
Edition.     8vo,  with  156  Engravings,  i6s. 

Clinical  Chemistry  of  Urine 
(Outlines  of  the).  By  C.  A.  Mac- 
MUNN,  M.A.,  M.D.  8vo,  with  64 
Engravnngs  and  Plate  of  Spectra,  9s. 

Urinary  and  Renal  Derange- 
ments and  Calculous  Disorders. 

By  Lionel  S.  Beale,  K.R.C.P., 
F.R.S.,  Physician  to  King\  College 
Hospital.     8vo,  5s. 

Male  Organs  of  Generation 
(Diseases of).  By  W.  H.  A.  Jacobson, 
M.Ch.  Oxon.,  F.R.C.S.,  Assistant 
Surgeon  to  Guy's  Hospital.  Svo,  with 
88  Engravings.     22s. 

The  Surgical  Diseases  of  the 
Genito  -  Urinary  Organs,  in- 
cluding Syphilis.  By  E.  L.  Keyes, 
M.D.,  Professor  in  Bellevue  Hospital 
Medical  College,  New  York  (a  revision 
of  Van  Buren  and  Keyes' Text-book). 
Roy.  8vo,  with  1 14  Engravings,  21s. 

Diseases  of  the  Rectum  and 
Anus.  By  Alfred  Cooper,  F.R.C.S., 
Senior  Surgeon  to  the  St.  Mark's  Hos- 
pital for  PMstula  ;  and  F.  Swinford 
Edwards,  F.R.C.S.,  Senior  Assistant 
Surgeon  to  St.  Mark's  Hospital.  Second 
Edition,  with  Illustrations.     Svo,  12s. 

Diseases    of  the     Rectum    and 

Anus.  By  Harrison  Ckiits,  F.R.C.S., 
Assistant  .Surgeon  to  St.  Bartholomew's 
Hospital,  &c.  .Second  Edition.  Svo, 
with  13  Lithoj;raphic  Plates  and  numer- 
ous Wood  Knj^raviiitjs,  12s.  6(1. 

By  the  same  AutJior. 

Cancer  of  the  Rectum. 

Esi)ecially  con.sidered  uith  regard  to  its 
Surgical  Treatment.  J.icksonian  Prize 
Essay.  Svo,  witli  13  Plates  and  several 
Wood  Engravinu;s,  6s. 

The   Diagnosis   and  Treatment 

of  Diseases  of  the  Rectum.  By 
William  ALLiN(iiiAM,  F.K.C.S..  Sur- 
gc(m  to  St.  Mark's  Hospital  for  Fistula. 
Fifth  Kditicni.  By  Hkrhekt  Wm. 
Allinc.ham,  F.K.C.S.,  Surgeon  to  the 
Great  Northern  Central  Hospital,  Demon- 
strat(U  of  Anatomy  at  St.  (iefT^^e's  Hosj)!- 
tal.     Svo,  with  53  l"'n^iavin^^s.      lOs.  6d. 

The  Surgery  of  the  Rectum. 

Hy  Hknkv  Smiih,  Emeritus  Professor  of 
Surgery  in  Kings  Co]lej;e,  Consulting 
Surgecm  to  the  llosjiital.  Fifth  Editicm. 
5vo,  6'>, 
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Watts'  Manual  of  Chemistry, 

Theoretical  and  Practical.  By  William 
A.  TiLDEN,  D.Sc.,  F.R.S.,  Professor  of 
Chemistry  in  the  Mason  College,  Bir- 
mingham. 

Physical  and  Inorganic  Che- 
mistry. Second  Edition.  Crown 
8vo,  with  Coloured  Plate  of  Spectra, 
and  122  Wood  Engravings,  8s.  6d. 

Chemistry  of  Carbon  Compounds; 
or,  Organic  Chemistry.  Second 
Edition.  Crown  8vo,  with  En- 
gravings, I  OS. 

Qualitative  Analysis. 

By  R.  Fresenius.  Translated  bv 
Charles  E.  Groves,  F.R.S.  Tenth 
Edition.  8vo,  with  Coloured  Plate  of 
Spectra  and  46  Engravings,  15s. 

By  the  same  Author, 

Quantitative  Analysis. 

Seventh  Edition. 
Vol.    I.,    Translated  by  A.  Vacher. 

8vo,  with  106  Engravings,  15s. 
Vol.  II.,  Parts  I  to  3,  Translated  by 

C.  E.  Groves,  F.R.S.    8vo,   with 

Engravings,  2s.  6d.  each. 

Practical  Chemistry, 

Including  Analysis.  By  John  E.  Bow- 
man andCHARLES  L.  Bloxam.  Fcap. 
8vo.  Eighth  Edition,  with  90  Engrav- 
ings* 5s.  6d. 

Inorganic  Chemistry. 

By  Edward  Frankland,  Ph.D., 
D.C.L.,  LL.D.,  F.R.S.,  Professor  of 
Chemistry  in  the  Normal  School  of 
Science,  and  Francis  R.  Japp,  M.A., 
Ph.D.  F.I.C.,  F.R.S.,  Professor  of 
Chemistry  in  the  University  of  Aberdeen. 
8vo,  with  numerous  Illustrations  on  Stone 
and  Wood,  24s. 

Inorganic  Chemistry 

(A  System  oQ.  By  William  Ramsey, 
Ph.D.,  F.R.S.,  Professor  of  Chemistry  in 
University  College,  London.  8vo,  with 
Engravings,  15s. 

By  the  same  Author, 

Elementary  Systematic  Chemis- 
try for  the  Use  of  Schools  and 
Colleges.  With  Engravings.  Crown 
8vo,  4s.  6d.  ;  Interleaved,  $s.  6d. 

Organic  Chemistry: 

(Outlines  oQ.  By  H.  Forster  Mori.rv, 
M.A.,  D.Sc,  Joint  Editor  of  Watts' 
*  *  Dictionary  of  Chemistry. "  Crown  8vo, 
7s.  6d. 


Valentin's  Qualitative  Chemical 

Analysis.  Eighth  Edition.  By  W. 
R.  HODC.KINSON,  Ph.D.,  F.R.S.E.,  Pro- 
fessor of  Chemistry  and  Physics  in  the 
Royal  Military  Academy,  and  Artillery 
College, Woolwich.  8vo,  with  Engravings 
and  Map  of  Spectra,  8s.  6d. 

Analytical  Chemistry. 

Notes  for  Students  in  Medicine.  By 
Albert  J.  Bernays,  Ph.D.,  F.C.S., 
F.I.C.,  late  Professor  of  Chemistry,  &c., 
at  St.  Thomas's  Hospital  Medical  SchooL 
Third  Edition.     Crown  8vo,  4s.  6d. 

Volumetric  Analysis: 

(A  Systematic  Handbook  oO;or  theQuan- 
titative  Estimation  of  Chemical  Substances 
by  Measure,  applied  to  Liquids,  Solids, 
and  Gases.  By  Francis  Sutton,  F.C.S., 
F.I.C.,  Public  Analyst  for  the  County 
of  Norfolk.      Sixth  Edition.    8vo,  with 

102  Engravings,  17s.  6d. 

Commercial   Organic  Analysis: 

A  Treatise  on  the  Properties,  Modes  oJ 
Assaying,  Proximate  Analytical  Examina- 
tion, &c.,  of  the  various  Organic  Chemi- 
cals and  Products  employed  in  the  Arts, 
Manufactures,  Medicine,  &c.  By  Alfrei> 
H.  Allen-,  PM.C,  F.C.S.,  Public  Ana- 
lyst  for  the  West  Riding  of  Yorkshire,  the 
Northern  Division  of  Derbyshire,  &c. 
Vol.   I. — Alcohols,  Neutral   Alcoholic 

Derivatives,  Sugars,  Starch  and  it» 

Isomers,    Vegetable    Acids,     &c. 

With  Illustrations.   Third  Edition. 

8vo.  [Preparing,. 

Vol.  II.— Fixe<l  Oils  and  Fats,  Hydro- 
carbons, Phenols,  &c.  With  lHus- 
trations.     Third  Edition.    8vo. 

[Preparittg, 

Vol.  III. — Part  I.  Aromatic  Acids,. 
Tannins,  Dyes,  and  Colouring 
Matters.  Second  Edition,  8vo, 
14s. 

Part  II.  Amines  and  Ammo- 
nium Bases,  Hydrazines,  Bases- 
from  Tar,  Vegetable  Alkaloids. 
Second  Edition.    8vo,  iSs. 

Cooley's  Cyclopsedia 

of  Practical  Receipts,  and  Collateral  In- 
formation in  the  Arts,  Manufactures,  Pro- 
fessions, and  Trades :  Including  Medicine, 
Pharmacy,  Hygiene  and  Domestic  Eco- 
nomy. Seventh  Edition,  by  W.  North, 
M.A.  Camb.,  F.C.S.  2  Vols.,  Roy.Svo,. 
with  371  Engravings,  42s. 

Chemical  Technology: 

A  Manual.  By  Rudolf  von  Wagner. 
Translateil  and  Edited  by  WlLLIAM 
Crookks,  F.R.S.,  from  the  Thirteenth- 
Enlarged  German  Edition  as  remodelled 
by  Dr.  Ferdinand  Fischer.  8vo,  with 
596  Engravings,  32s. 
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Fuel  and  its  Applications. 

By  E.  J.  Mills.  D.Sc,  F.R.S.,  and 
F.  J.  Rowan,  C.E.  Being  Vol.  I.  of 
Chemical  Technology,  or  Chemistry  in 
its  Application  to  Arts  and  Manufactures. 
Edited  by  Charles  E.  Groves,  F.R.S., 
and  William  Thorp,  B.Sc.  Royal  8vo, 
with  606  Engravings,  30s. 

Potable  ^Vaters: 

Their  Organic  Analysis.  By  J.  A.  Blair, 
M.B.,  CM.,  D.Sc,  L.R.C.P.  Second 
Edition.     Crown  8vo,  3s.  6d. 

Technological  Handbooks. 

Edited    By   John  Gardner,   F.I.C, 
F.C.S.,  and  James  Cameron,  F.I.C. 
Brewing,    Distilling,  and    Wine 

Manufacture.     Crown  8vo,  with 

Engravings,  6s.  6d. 
Bleaching,    Dyeing,  and    Calico 

Printing.    With  Formulae.    Crown 

8vo,  with  Engravings.  5s. 
Oils,     Resins,     and     Varnishes. 

Crown  8vo,  with  Engravings.   7s.  6d. 
Soaps  and  Candles.    Crown  8vo, 

with  54  Engravings,  7s. 

The  Microscope  and  its  Revela- 
tions. By  the  late  William  B.  Car- 
penter, C.B.,  M.D.,  LL.D.,  F.R.S. 
Seventh  Edition,  by  the  Rev.  W.  H. 
Dallinger,  LL.D.,  F.R.S.  With  21 
Plates  and  800  Wood  Engravings.  8vo, 
26s.      Half  Calf,  30s. 

The  Quarterly  Journal  of  Micro- 
scopical Science.  Edited  by  E.  Ray 
Lankester,  M.A.,  LL.D.,  F.R.S. ;  with 
the  co-operation  of  Adam  Sedgwick, 
M.A.,  F.R.S.,  and  W.  F.  R.  Weldon, 
M.A.,    F.R.S.       Each  Number,  los. 

Methods  and  Formulae 

Used  in  the  Preparation  of  Animal  and 
\'egetable  Tissues  for  Microscopical  Ex- 
amination, including  the  Staining  of 
Bacteria.  By  1*eter  \\*\'att  Squire, 
F.L.S.     Crown  8vo,  3s.  6d. 

TheMicrotomist'sVade-Mecum: 

A  Handbook  of  the  Methods  of  Micro- 
scopic Anatomy.  By  Arthur  Bolles 
Lee,  Assistant  in  the  Russian  Laboratory 
of  Zoology  at  Villefranche-sur-mcr  (Nice). 
Third  Edition.     8vo,  14s. 


Photo  -  Micrography 

(Guide  to  the  Science  oO-  By  Ed  war 
C.  BousFiELD,  L.R.C.P.  Lend.  8v< 
with  34  Engravings  and  Frontispiece,  6* 

An  Introduction  to  Physica 
Measurements,  with  Appendices  u 
Absolute  Electrical  Measurements,  &< 
By  Dr.  F.  Kohlrausch,  Professor  a 
the  University  of  Strassburg.  Thin 
Edition,  translated  from  the  Seventl 
German  Edition,  by  Thomas  Hut 
CHiNsoN  Waller,  B.A.,  B.5k.,  aw 
Henry  Richardson  Procter,  F.LC. 
F.C.S.  8vo,  with  91  Illustrations,  12s.  6d 

The  Principles  and  Practice  o; 

Veterinary  Medicine.  By  Willia* 
Williams,  F.  R.C.V.S.,  F.R.S.E 
Principal,  and  Professor  of  Veterinai] 
Medicme  and  Surgery  at  the  New  Veter- 
inary College,  Edinburgh.  Seventh  Edi- 
tion. 8vo,  with  several  Coloured  Plates 
and  Woodcuts,  30s. 

By  the  same  Author, 

The     Principles    and     Practice 

of  Veterinary  Surgery.  Eighth 
Edition.  8vo,  with  9  Plates  and  147 
Woodcuts,  30s. 

The  Veterinarian's  Pocket  Re- 
membrancer :  being  Concise  Direc- 
tions for  the  Treatment  of  Urgent  or 
Rare  Cases,  embracing  Semeiology, 
Diagnosis,  Prognosis,  Surgery,  Thera- 
peutics, Toxicology,  Detection  of  Poisons 
by  their  Apjiropriate  Tests,  Hygiene,  &c 
By  Georce  Arm  at  age,  M.R.C.V.S, 
Second  Edition.     Post  8vo,  3s. 

Chauveau's  Comparative  Anat- 
omy of  the  Domesticated  Ani- 
mals. Revised  and  Enlarged,  with  the 
Co-operation  of  S.  Arloing,  Director  of 
the  Lyons  \'eterinary  School,  and  Edited 
by  George  Fleming,  C.B.,  LL.D., 
F.R.C.V.S.,  late  Principal  Veterinary 
Surgeon  of  the  British  Army.  Second 
English  Edition.  8vo,  with  585  Engrav- 
ings, 3  IS.  6d. 
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